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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

STATON TECHIYA, LLC,

Plaintiff,
V. Civil Action No.
HARMAN INTERNATIONAL JURY TRIAL DEMANDED

INDUSTRIES, INCORPORATED

Defendant.

COMPLAINT FOR PATENT INFRINGEMENT

1. Staton Techiya, LLC brings this action for patent infringement under B35 U.S.C_§
R71 against Defendant HARMAN International Industries, Incorporated and alleges as follows:

THE PARTIES

2. Plaintiff Staton Techiya, LLC (“Techiya” or “Plaintiff”) is a Delaware limited
liability company having a place of business at 9501 Jagged Creek Ct., Delray Beach, FL, 33446.
It was founded in June 2017.

3. Defendant HARMAN International Industries, Incorporated (“HARMAN” or
“Defendant”) is a Delaware corporation having a principal place of business at 400 Atlantic Street,
Stamford, CT 06901.

THE ASSERTED PATENTS

4, United States Patent No. 8,319,620 (“the *620 Patent”), entitled “Ambient Situation
Awareness System and Method for Vehicles,” issued on November 27, 2012, to inventors John
Usher and John P. Keady. The *620 Patent issued from U.S. Patent App. Ser. No. 12/487,639, filed
on June 18, 2009, and was previously published as U.S. Patent Pub. No. 2010/0033313 on

February 11, 2010. A true and correct copy of the 620 Patent is attached as Exhibit A.
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5. United States Patent No. 11,589,329 (“the ’329 Patent”), entitled “Information
Processing Using a Population of Data Acquisition Devices,” issued on February 21, 2023, to
inventor Steven W. Goldstein. The *329 Patent issued from U.S. Patent App. Ser. No. 17/235,130,
filed on April 20, 2021. A true and correct copy of the *329 Patent is attached as Exhibit B.

6. United States Patent No. 11,610,587 (“the *587 Patent”), entitled “Personalized
Sound Management and Method,” issued on March 21, 2023, to inventors Steven Goldstein and
John P. Keady. The ’587 Patent issued from U.S. Patent App. Ser. No. 17/736,180, filed on May
4,2022, and was previously published as U.S. Patent Pub. No. 2022/0262361 on August 18, 2022.
A true and correct copy of the *587 Patent is attached as Exhibit C. The ’620 Patent, the *329
Patent, and the *587 Patent collectively are referred to herein as the “Asserted Patents.”

JURISDICTION AND VENUE

7. This action arises under the Patent Act, BS U.S.C. § 1 et seq.

8. Subject matter jurisdiction is proper in this Court under R§ U.S.C. §§ 1331 and
[[338(a) because this is a civil action for patent infringement arising under the federal patent laws
of the United States.

0. Defendant is subject to personal jurisdiction in this District by virtue of the fact that

it is incorporated under the laws of the State of Delaware.

10. Venue is proper in this Judicial District pursuant to R8 U.S.C. § 1400(b) because
Defendant resides within this District as it is incorporated within this District.

ALLEGATIONS OF PATENT INFRINGEMENT

11. Plaintiff incorporates the allegations of the foregoing paragraphs as if fully restated
herein.
12. The result of comprehensive research and development, Plaintiff’s patented

technologies combine many disciplines of acoustic management technology, particularly in the
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automotive field, to create solutions that provide exceptional functionality to users for increased
safety and comfort.

13. HARMAN provides automotive acoustic management technology systems that,
without authorization, implement Plaintiff’s patented technologies.

14. No later than February 8, 2019, HARMAN and Plaintiff met to discuss Plaintiff’s
patented technology and ongoing research and development efforts in the automotive acoustic
management technology field and other areas. Plaintiff met with Kevin Hague, the VP of Tech
Strategy at HARMAN.

15. Because of their prior intellectual property discussions in related fields, Plaintiff and
HARMAN had already consented to a mutual non-disclosure agreement. The mutual non-
disclosure agreement protected disclosure of information even to parent entities of HARMAN.

16. Beginning in October of 2018 Plaintiff sent studies, marketing materials, and
prototypes to HARMAN.

17. HARMAN reviewed the information received from Plaintiff. Todd Welti (Senior
Principal Engineer of Acoustics at HARMAN) conducted various tests on the prototypes that
Plaintiff sent to HARMAN. HARMAN subsequently requested additional information and more
prototypes. In response, Plaintiff provided additional prototypes and shared proprietary
whitepapers.

18. In February 2019, in a follow-up message to a meeting, Plaintiff sent an
“Opportunity Overview” slide deck to HARMAN. The deck contained an enumeration of several
different advantages offered by Plaintiff’s technology and a description of patents relevant to some

of the related fields. Some of the Asserted Patents were identified in the deck.
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Appendix: Select Feature-Patent Map

The following are select patent assets relevant to certain features of the POC and roadmap:
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Select publicly available patent assets shown 24

Excerpted slide from deck sent to HARMAN in February 2019. The ’Patent was included in this deck

(emphasized in yellow).

19.

In March of 2019, Plaintiff met with HARMAN Chief Financial Officer Evelyn

Heinbach. The agenda, proposed by Ms. Heinbach, included questions about Plaintiff’s intellectual

property and whether Plaintiff could provide demonstrations and technical background on its

patented technology.

20.

Later that year, on May 15, 2019, Plaintiff presented to HARMAN a comprehensive

valuation model of Plaintiff’s intellectual property arranged in a spreadsheet. The spreadsheet

contained hundreds of patents and patent applications, categorized by feature and technology.

21.

On May 4, 2020, Ms. Heinbach confirmed that “Samsung has done a detailed review

of [Plaintiff’s] patent portfolio.” On information and belief, based on this “detailed review,”

HARMAN and its parent, Samsung, had knowledge and notice of Plaintiff’s patents that had issued

on or before May 4, 2020, including an understanding of the scope of the claims of those patents.
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Despite this knowledge HARMAN has infringed, and continues to infringe, patents asserted in this
Complaint that were issued prior to May 4, 2020.

22. On May 23, 2020 Ms. Heinbach informed Plaintiff that HARMAN would not be
“looking to pursue further steps at this point.”

23.  On information and belief, despite HARMAN’s robust knowledge of the Asserted
Patents and Plaintiff’s patented technology, HARMAN made the deliberate decision to sell products
and services that they knew infringe these patents. HARMAN’s continued infringement of the
Asserted Patents with extensive knowledge about them constitutes willful infringement.

24.  As set forth below, the Accused Product incorporates, without any license or
permission from Plaintiff, technology protected by the Asserted Patents. Plaintiff respectfully seeks
relief from this Court for Defendant’s infringement.

REPRESENTATIVE ACCUSED PRODUCT

25. The representative accused product includes, but is not limited to, HARMAN
HALOsonic (thd “Accused Product”).

26. The HARMAN HALOsonic is an exemplary infringing product.

HALOsonic®

HALOsonic is a set of tailormade sound solutions comprised of
Electronic Sound Synthesis (ESS), Engine Order Cancellation
[EQC), Sound2Target™ (52T™) and Road Noise Cancellation
[RNC).

READ MORE

Source: https://car.harman.com/solutions/car-audio
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27. On information and belief, the HARMAN HALOsonic utilizes microphones on the
outside of a vehicle to capture external sounds. For example, the HALOsonic utilizes sensors

mounted on vehicle surfaces to pick up external sound.

The SVSis a fully developed, DV tested multifunctional sensor that allows for invisible vehicle integration, enabling exterior
vehicle speech recognition and acoustic sensing.

Applications Key Benefits

- Interior / Exterior Sound and Voice Sensing - SVS housing efficiently transfers mechanical vibrations and

- Acoustic and Vibration Signal Sensing displacements to the piezo element

- Speech Recognition - Exhibits a wideband frequency response allowing for accurate speech
- Sound Pass Through (Exterior Sound) recognition and acoustic sensing performance

- Bi-Directional Communication - Interior and exterior applications

- Glass Breakage / Vehicle Impact - Surface-mounted

- Emergency Vehicle Detection - Multi-purpose: senses both vibration and sound

- HARMAN-owned Intellectual Property

Sound and Vibration Sensor
e ’ 40 mm
2

D30 mm

Invisible

integration
ASR & control unit

Source: https://info.car.harman.com/harman-sound-and-vibration-sensor

28. On information and belief, the HALOsonic performs Electronic Sound Synthesis
(ESS), Engine Order Cancellation, and Road Noise Cancellation (RNC). These features require
detecting and analyzing environmental sound captured by the various microphones on the product.

COUNT 1
Defendant’s Infringement of the 620 Patent

29.  Plaintiff incorporates the allegations of all of the foregoing paragraphs as if fully
restated herein.

30. Plaintiff is the assignee and lawful owner of the *620 Patent, and Plaintiff holds all right,
title and interest in and to the 620 Patent. The 620 Patent is valid and enforceable.

31.  Defendant has directly infringed, and continues to directly and willfully infringe, the

’620 Patent by making, using, selling, offering for sale, or importing into the United States products that
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infringe the ’620 Patent, such as the Accused Product. Further discovery may reveal additional
infringing products and/or models.

32. For example, and without limitation, the Accused Product, and similar automotive
acoustic management products, infringe at least claim 1 of the 620 Patent.

33. Defendant has had notice of its infringement of the *620 Patent at least since February
12, 2019, when Defendant received the aforementioned slide deck from Plaintiff.

34.  The Accused Product is an exemplary product that practices at least claim 1 of the *620
Patent. On information and belief, many other products provided by HARMAN also infringe claim 1
of the ’620 Patent.

35.  The ’620 Patent claims: 1. A vehicle situation awareness device for a vehicle
comprising: a notification device in the vehicle configured to emit an audio signal; an internal
microphone configured to measure an internal acoustic signal in the vehicle; an ambient
microphone configured to measure an ambient acoustic signal external to the vehicle; and a
processor configured to: determine an internal sound pressure level (SPL) in the vehicle based on
the internal acoustic signal, identify at least one sonic signature from the ambient acoustic signal,
and when the at least one sonic signature is identified, determine whether to send an emit signal to
the notification device to emit the audio signal based on the internal SPL.

36. The Accused Product is an automotive acoustic management system. The system
utilizes an array of accelerometers and microphones to generate a desired audio signal within the cabin
of the vehicle. HARMAN External Microphones are placed on the exterior of the vehicle and used to
capture ambient sound external to the vehicle to produce an ambient sound signal. Internal microphones
are used to measure an internal acoustic signal within the cabin of the vehicle. On information and belief,

a processor is configured to determine an internal sound pressure level based on the acoustic signal. On
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information and belief, the processor also identifies at least one signature sound from the ambient

acoustic signal and then determines whether to send an emit signal to the notification device.

The sound you want
where you want it

Internal Electronic Sound Synthesis (iESS)

Enables sound contouring inside the car by creating speed-,
acceleration-, and throttle-dependent sounds through the standard
speaker system

Advanced synthesis tools allow complete flexibility for “coloring the
blank acoustic canvas” offered by todays electric and hybrid vehicle
applications, in "all-electric” mode

Sound synthesis during engine-off conditions on Hybrid Electric Vehicles
or Range-Extended Electric Vehicles improves perception of engine
start-stop events

Improved powertrain feedback makes drivers feel connected to the
car they drive

External Electronic Sound Synthesis (eESS)

Advanced external sound synthesis technologies allow OEMs to define
a unigue external sound, matching their brand DNA and easily
recognizable by anyone on the road

Sound2Target ™

Combines Active Noise Cancellation and Electronic Sound Synthesis to
simultaneously remove unwanted noise content and synthesize or
augment desired sound content

Source: https://car.harman.com/solutions/car-audio/halosonic/electronic-sound-synthesis

SOUND2TARGET™

S2T combines Active Noise Cancellation and Electronic Sound Synthesis to simultaneously remove unwanted noise content and
synthesize or augment desired sound content. RNC is used to remove broadband content, as well as annoying tire cavity noise
and low frequency sound. EOC and harmonic synthesis tools within ESS are then combined to remove unwanted orders and
enhance desired order content to achieve the targeted powertrain noise character.

Once an optimized order content or quiet zone is achieved, advanced sound synthesis tools can be used to augment the
overall vehicle noise. Features such as looping or triggered wave players, granular synthesis and Shepard tones allow to
generate multiple sound layers, including a combination of directed and diffuse noise sources, and obtain the OEM’s desired

vehicle sound signature.

Source: https://info.car.harman.com/l/606031/2021-08-

31/4jwrp/606031/1646751889cKIrUR7S/Brochure HALOsonic.pdf

37.

Defendant has indirectly infringed and continues to indirectly infringe the 620 Patent

by actively inducing infringement of the 620 Patent by others, such as users of the Accused Product

within this District.

38.

continue to damage Plaintiff.
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39. Plaintiff is entitled to recover damages adequate to compensate it for Defendant’s direct
and indirect infringement.

40. After receiving actual notice of the ’620 Patent, Defendant proceeded to make, use, test,
sell, and/or offer to sell in this District and elsewhere in the United States, and import into this District
and elsewhere in the United States, the Accused Product.

41. On information and belief, Defendant engaged in such activities despite an objectively
high likelihood that its actions constituted infringement and inducement of infringement of the *620
Patent. Defendant knew and should have known that its actions would cause direct and induced
infringement of the 620 Patent, and on information and belief, Defendant has monitored the substantial
prior art submissions made prior to issuance of the *620 patent.

42. Defendant has willfully infringed and continues to willfully infringe the *620 Patent.

COUNT 11
Defendant’s Infringement of the °329 Patent

43.  Plaintiff incorporates the allegations of all of the foregoing paragraphs as if fully
restated herein.

44, Plaintiff is the assignee and lawful owner of the *329 Patent, and Plaintiff holds all right,
title and interest in and to the *329 Patent. The *329 Patent is valid and enforceable.

45. Defendant has directly infringed, and continues to directly and willfully infringe, the
’329 Patent by making, using, selling, offering for sale, or importing into the United States products that
infringe the ’329 Patent, such as the Accused Product. Further discovery may reveal additional
infringing products and/or models.

46. For example, and without limitation, the Accused Product, and similar automotive

acoustic management products, infringe at least claim 1 of the *329 Patent.
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47. Defendant has had notice of its infringement of the *329 Patent at least since the date of
filing of the complaint in this action.

48.  The Accused Product is an exemplary product that practices at least claim 1 of the 329
Patent. On information and belief, many other products provided by HARMAN also infringe claim 1
of the *329 Patent.

49. The ’329 Patent claims: 1. A system comprising: a device among a plurality of
acoustic devices; wherein the device is configured as a controller, wherein the controller is
configured to perform operations comprising: selecting a subset of acoustic devices from among
the plurality of acoustic devices for acquiring sensor acoustic data, wherein the subset of acoustic
devices are configured to interchange device information and data over a communication link;
receiving a first set of sensor acoustic data from a first acoustic device of the selected subset of
acoustic devices; receiving a second set of sensor acoustic data from a second acoustic device of
the selected subset of acoustic devices; and analyzing at least one of the first set of sensor acoustic
data or the second set of sensor acoustic data or a combination of both to identify if speech is
present.

50. The Accused Product is an automotive acoustic management system. The system is
implemented in the cockpit of a vehicle. The cockpit functions as a controller. HARMAN External
Microphones are placed on the exterior of the vehicle and used to capture acoustic data external to the
vehicle, for example engine noise, road noise, and speech. Upon information and belief, the captured
acoustic data is transmitted to the cockpit over a communication link where it is analyzed to identify
speech. Internal microphones can also be used to capture internal acoustic data within the cabin of the

vehicle as one of the first or second set of sensor acoustic data for analysis.
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Harnessing Sound to Enhance Automotive Experiences DOWNLOAD DATASHEET

Innovation in today’s automotive landscape is all about enabling
aspirational consumer experiences at the speed of demand. At HARMAN, LEARN MORE

we are at the forefront of this bold new era with a host of cutting-edge
solutions, like the External Microphone.

With its robust design and easy vehicle integration capabilities, this
game-changing acoustic sensor is raising the bar for verbal interaction
and situational awareness. External speech recognition, enhanced
acoustic detection, increased awareness of approaching vehicles — it's
all made possible with the HARMAN External Microphone.

Source: https://car.harman.com/solutions/car-audio/harman-embedded-audio-external-microphone

HARMAN Sound and
Vibration Sensor

HARMAN Sound and Vibration Sensor (SVS) enables
automotive OEMs to meet consumer aspirations of speech-
controlled convenience and increased situational awareness.
A fully developed, DV-tested multifunctional sensor with
wideband performance and invisible vehicle integration, SVS
enables external speech recognition and acoustic sensing for
a multituce of applications.

READ MORE

Source: https://car.harman.com/solutions/car-audio

51.  Defendant has indirectly infringed and continues to indirectly infringe the ’329 Patent
by actively inducing infringement of the *329 Patent by others, such as users of the Accused Product
within this District.

52.  Defendant’s direct and indirect infringement of the ’329 Patent has damaged and will
continue to damage Plaintiff.

53. Plaintiff is entitled to recover damages adequate to compensate it for Defendant’s direct
and indirect infringement.

54. After receiving actual notice of the *329 Patent, Defendant proceeded to make, use, test,
sell, and/or offer to sell in this District and elsewhere in the United States, and import into this District

and elsewhere in the United States, the Accused Product.
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55. On information and belief, Defendant engaged in such activities despite an objectively
high likelihood that its actions constituted infringement and inducement of infringement of the *329
Patent. Defendant knew and should have known that its actions would cause direct and induced
infringement of the 329 Patent, and on information and belief, Defendant has monitored the substantial
prior art submissions made prior to issuance of the *329 patent.

56.  Defendant has willfully infringed and continues to willfully infringe the *329 Patent.

COUNT 111
Defendant’s Infringement of the 587 Patent

57.  Plaintiff incorporates the allegations of all of the foregoing paragraphs as if fully
restated herein.

58. Plaintiff is the assignee and lawful owner of the *587 Patent, and Plaintiff holds all right,
title and interest in and to the *587 Patent. The 587 Patent is valid and enforceable.

59. Defendant has directly infringed, and continues to directly and willfully infringe, the
’587 Patent by making, using, selling, offering for sale, or importing into the United States products that
infringe the ’587 Patent, such as the Accused Product. Further discovery may reveal additional
infringing products and/or models.

60. For example, and without limitation, the Accused Product, and similar automotive
acoustic management products, infringe at least claim 1 of the *587 Patent.

61. Defendant has had notice of its infringement of the *587 Patent at least since the date of
filing of the complaint in this action.

62. The Accused Product is an exemplary product that practices at least claim 1 of the *587
Patent. On information and belief, many other products provided by HARMAN also infringe claim 1

of the 587 Patent.
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63.  The 587 Patent claims: 1. A system comprising: a user interface; and an audio
device comprising: a microphone configured to measure ambient sound and generate a microphone
signal; a speaker configured to emit an audio signal; a memory configured to store instructions; an
audio buffer configured to store at least a portion of the microphone signal; a data buffer; a
processor operatively coupled to the memory, the processor operatively coupled to the audio
buffer, the processor operatively coupled to the data buffer, wherein the processor is configured to
execute the instructions to perform operations comprising: receiving the microphone signal;
sending a portion of the microphone signal to the audio buffer; analyzing the audio buffer for
detecting a sonic signature; notifying a user when the sonic signature is detected; sending a
modified microphone signal to the data buffer replacing or adding to previous data stored in the
data buffer; and sending a portion of the data stored in the data buffer, spanning a time period, to
the speaker in response to a user request, wherein the user request is one of the sonic signature that
is a voice command or a manual input from the user interface.

64. The Accused Product is an automotive acoustic management system. The system
is implemented in the cockpit of a vehicle. The cockpit functions as a user interface, a processor,
memory to store instructions, and an audio buffer. HARMAN External Microphones are placed
on the exterior of the vehicle and used to capture ambient acoustic sound external to the vehicle,
for example engine noise, road noise, and speech. Internal microphones can also be used to capture
internal ambient acoustic sound within the cabin of the vehicle as microphones configured to
measure ambient sound and generate a microphone signal. Upon information and belief, the
captured ambient acoustic sound is communicated to the cockpit of the vehicle. Within the cockpit
processor, a portion of the microphone signal is placed in an audio buffer and analyzed for the

presence of a sonic signature, such as a voice command from “[e]xternal speech recognition” or
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“verbal interaction.” Then, data stored in the audio buffer can be sent to the car speakers upon a

user request.

Harnessing Sound to Enhance Automotive Experiences DOWNLOAD DATASHEET

Innovation in today’s automotive landscape is all about enabling
aspirational consumer experiences at the speed of demand. At HARMAN,
we are at the forefront of this bold new era with a host of cutting-edge

LEARN MORE

solutions, like the External Microphone.

With its robust design and easy vehicle integration capabilities, this
game-changing acoustic sensor is raising the bar for verbal interaction
and situational awareness. External speech recognition, enhanced
acoustic detection, increased awareness of approaching vehicles — it's
all made possible with the HARMAN External Microphone.

Source: https://car.harman.com/solutions/car-audio/harman-embedded-audio-external-microphone

HARMAN Sound and
Vibration Sensor

HARMAN Sound and Vibration Sensor (SVS) enables
automotive OEMs to meet consumer aspirations of speech-
controlled convenience and increased situational awareness.
A fully developed, DV-tested multifunctional sensor with
wideband performance and invisible vehicle integration, SVS
enables external speech recognition and acoustic sensing for
a multituce of applications.

READ MORE

Source: https://car.harman.com/solutions/car-audio

65.  Defendant has indirectly infringed and continues to indirectly infringe the 587 Patent
by actively inducing infringement of the *587 Patent by others, such as users of the Accused Product
within this District.

66.  Defendant’s direct and indirect infringement of the *587 Patent has damaged and will
continue to damage Plaintiff.

67. Plaintiff is entitled to recover damages adequate to compensate it for Defendant’s direct

and indirect infringement.

{01924867;v1 } 14
IPR2024-01300 Page 00014



Case 1:23-cv-00801-UNA Document 1 Filed 07/25/23 Page 15 of 18 PagelD #: 15

68. After receiving actual notice of the *587 Patent, Defendant proceeded to make, use, test,
sell, and/or offer to sell in this District and elsewhere in the United States, and import into this District
and elsewhere in the United States, the Accused Product.

69. On information and belief, Defendant engaged in such activities despite an objectively
high likelihood that its actions constituted infringement and inducement of infringement of the *587
Patent. Defendant knew and should have known that its actions would cause direct and induced
infringement of the ’587 Patent, and on information and belief, Defendant has monitored the substantial
prior art submissions made prior to issuance of the *587 patent.

70. Defendant has willfully infringed and continues to willfully infringe the *587 Patent.

DEMAND FOR JURY TRIAL

71.  Pursuant to Fed. R. Civ. P. 3§, Plaintiff hereby respectfully requests trial by jury on
all claims and issues so triable.

REQUEST FOR RELIEF

72.  WHEREFORE, Plaintiff respectfully requests the following relief:

a)  The entry of judgment, in favor of Plaintiff and against Defendant, that the
Asserted Patents are valid and enforceable;

b) The entry of judgment, in favor of Plaintiff and against Defendant, that
Defendant has infringed, directly and indirectly, either literally or under the
Doctrine of Equivalents, one or more claims of the *620 Patent;

c) The entry of judgment, in favor of Plaintiff and against Defendant, that the
Defendant’s infringement of the ’620 Patent has been willful, and that the

Defendant’s continued infringement of the ‘620 Patent is willful;
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d) The entry of judgment, in favor of Plaintiff and against Defendant, that
Defendant has infringed, directly and indirectly, either literally or under the
Doctrine of Equivalents, one or more claims of the *329 Patent;

e) The entry of judgment, in favor of Plaintiff and against Defendant, that the
Defendant’s infringement of the *329 Patent has been willful, and that the
Defendant’s continued infringement of the 329 Patent is willful;

f)  The entry of judgment, in favor of Plaintiff and against Defendant, that
Defendant has infringed, directly and indirectly, either literally or under the
Doctrine of Equivalents, one or more claims of the *587 Patent;

g)  The entry of judgment, in favor of Plaintiff and against Defendant, that the
Defendant’s infringement of the *587 Patent has been willful, and that the
Defendant’s continued infringement of the *587 Patent is willful;

h)  The entry of judgment, in favor of Plaintiff and against Defendant, awarding

Plaintiff all appropriate damages under S U.S.C. § 284 for Defendant’s past
infringement, and any continuing or future infringement of the Asserted

Patents, including pre- and post-judgment interest, costs, and disbursements

as justified under BS U.S.C. § 284 and, if necessary, an accounting, and

further:

1. That Plaintiff be awarded enhanced damages by reason of the
Defendant’s willful infringement of the *620 Patent;

ii.  That Plaintiff be awarded enhanced damages by reason of the
Defendant’s willful infringement of the *329 Patent;

iii.  That Plaintiff be awarded enhanced damages by reason of the

Defendant’s willful infringement of the *587 Patent;
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iv.  That this case be declared exceptional within the meaning of 35 U.S.C.
§ 285 and that Plaintiff be awarded its reasonable attorneys' fees against
the Defendant incurred in prosecuting this action; and

v.  That Plaintiff be awarded its costs and expenses incurred in prosecuting
this action.

1)  The entry of a permanent injunction, enjoining Defendant, its subsidiaries,
and any person or entity acting in concert with Defendant from making, using,
selling, offering to sell, or importing any products that infringe the Asserted
Patents, and any other injunctive relief the Court deems just and equitable;
and

J)  The entry of judgment, in favor of Plaintiff and against Defendant, that
awarding Plaintiff such further relief at law or in equity as the Court deems

just and proper.
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Of Counsel:

Lee Yeakel

Texas Bar No. 22148000
KING & SPALDING LLP
500 West Second St.

Suite 1800

Austin, Texas 78701
Telephone: (512) 457-2041
Facsimile: (512) 457-2100
LYeakel@kslaw.com

Thomas J. Friel, Jr.

CA Bar No. 80065

KING & SPALDING LLP
601 S. California Ave.
Suite 100

Palo Alto, CA 94304
Telephone: (650) 457-6741
Facsimile: (650) 457-6800
tfriel@kslaw.com

James P. Brogan

CO Bar No. 32573

KING & SPALDING LLP
1401 Lawrence Street
Suite 1900

Denver, CO 80202
Telephone: (720) 535-2310
Facsimile: (720) 535-2300
jbrogan@kslaw.com

Dated: July 25,2023

{01924867;v1 }

ASHBY & GEDDES

/s/ Steven J. Balick

Steven J. Balick (# 2114)
Andrew C. Mayo (# 5207)

500 Delaware Avenue, 8th Floor
P.O. Box 1150

Wilmington, DE 19801
Telephone: (302) 654-1888
Facsimile: (302) 654-2067
sbalick@ashbygeddes.com
amayo(@ashbygeddes.com

Attorneys for Plaintiff
Staton Techiya, LLC
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1
AMBIENT SITUATION AWARENESS SYSTEM
AND METHOD FOR VEHICLES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. provisional
patent application No. 61/074,096 filed 19 Jun. 2008. The
disclosure of which is incorporated herein by reference in its
entirety.

FIELD OF THE INVENTION

The present invention relates to devices and methods for
vehicle situation awareness.

BACKGROUND OF THE INVENTION

Detection of sirens is discussed by a number of works.

U.S. Pat. No. 5,710,555 describes: “A siren detection sys-
tem [controlling] the lights at an intersection to direct traffic
[to] permit an emergency vehicle to travel through the inter-
section unimpeded. The system determines the frequency of
the sound emanating from a siren carried by the emergency
vehicle by counting pulses that indicate the frequency of the
sound, by determining the elapsed time necessary to count a
selected number of pulses, and by utilizing the elapsed time
and number of pulses counted to determine the frequency of
sound emitted by the siren.”

A similar idea is presented in U.S. Pat. No. 6,980,125:

“A warning light system for a traffic intersection for alert-
ing pedestrians and operators of passenger vehicles to the
approach of an emergency vehicle. The warning light system
is activated only by sounds in the range of frequencies which
are emitted by the siren of an emergency vehicle. The warning
light system has a warning light assembly having a control
unit, and also has an audio sensor unit. The warning light
assembly has a blue light and a white light, which flash
alternately and repeatedly, after receipt of an audio signal by
the audio sensor unit from the siren of an emergency vehicle,
and processing of that signal by the control unit. The lights of
the warning light assembly continuously flash until the sound
emitted from the siren is no longer detectable by the audio
sensor.”

US patent application US 2005/0074131 A1 describes: “A
sound processing system for use in an automotive vehicle of
the type which includes at least one door and at least one
door-lock comprises at least one sound sensor coupled to the
vehicle for receiving a sound external to the vehicle, an alert
generator for notifying an occupant of the vehicle when the
external sound is an emergency signal, and a door control
module coupled to at least one door-lock for unlocking at
least one door.”

The above art (except US 2005/0074131 Al) does not
suggest how to alert a driver of a vehicle of the presence of an
approaching siren (e.g. from an emergency vehicle); or how
to alert a driver of a vehicle of the presence of a different
sound generated in the vicinity of the car, such as a car horn,
or any sound which could be classified with more general
parameters, such as a sudden onset sound (or “acute sound”).

This problem is particularly pertinent when drivers are
listening to loud music or communications systems such as
CB radios, or when operating their vehicle’s ventilation sys-
tem at high fan speeds, any of which may mask any warning
sounds in the ambient environment.

US patent application US 2005/0074131 does not teach a
method to determine the sound level within a vehicle, nor
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determine the degree of acoustic isolation of the internal
vehicle cabin. The present invention adds this functionality so
that the driver alert can be modified to maximize detection
and intelligibility of the warning alert. Furthermore, the
present invention enables the location of an external sound
source (e.g. siren) to be determined by detecting the strength
of'the detected sound in different ambient sound microphones
around the vehicle.

SUMMARY OF THE INVENTION

At least one exemplary embodiment is directed to a method
to detect malfunction of a vehicle subsystem or vehicle acces-
sory (such as a malfunctioning brake caliper on a passenger
vehicle or a malfunctioning rotor blade(s) on a combine-
harvester). Furthermore, the related art does not teach a
method or system to detect a variety of sound characteristics.
The system of the present invention is directed to detecting at
least one of the following examples of “signature sounds™:
sirens, car horns, “impulsive” sound with a rapid onset time
(or “onset rate” e.g. change in sound pressure level of greater
than approximately 10 dB per second), sound with a rapid
offset stopping time (e.g. greater than approximately 10 dB
per second), and sound with a sudden change in tonal quality
(e.g. a shift in the spectral kurtosis of a sound, or sudden
change in frequency and level of spectral centroid).

At least one exemplary embodiment is directed to a vehicle
situation awareness device comprising: a notification device,
where the notification device is configured to emit a first
signal; a microphone, where the microphone is configured to
measure a second signal, where the second signal is a mea-
surement of at least a first portion of an ambient acoustic
signal; and a processor, where at least one sonic signature is
identified from at least a second portion of the second signal,
and where when the at least one sonic signature is identified
an emit signal is sent to the notification device to emit the first
signal.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of present invention will become
more fully understood from the detailed description and the
accompanying drawings, wherein:

FIG. 1 illustrates a vehicle ambient sound monitoring sys-
tem (VASM) in accordance with at least one exemplary
embodiment;

FIG. 2 illustrates an example of at least one VASM in
accordance with at least one exemplary embodiment;

FIG. 3 illustrates at least one exemplary embodiment ofthe
present VASM invention depicting a method to inform the
vehicle driver of a detected sound signature in the ambient
environment;

FIG. 4 illustrates an exemplary embodiment of the Active
Noise Reduction (ANR) system; and

FIG. 5 illustrates the spectrum Doppler shift of an identi-
fied sonic signature spectrum.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS OF THE PRESENT
INVENTION

The following description of exemplary embodiment(s) is
merely illustrative in nature and is in no way intended to limit
the invention, its application, or uses.

Processes, techniques, apparatus, and materials as known
by one of ordinary skill in the art may not be discussed in
detail but are intended to be part of the enabling description
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where appropriate. For example specific materials may not be
listed for achieving each of the targeted properties discussed,
however one of ordinary skill would be able, without undo
experimentation, to determine the materials needed given the
enabling disclosure herein.

Additionally, exemplary embodiments can be used with
digital and non-digital acoustic systems. Additionally various
receivers and microphones can be used, for example MEMs
transducers, diaphragm transducers, for example Knowles’
FG and EG series transducers.

The following description of exemplary embodiment(s) is
merely illustrative in nature and is in no way intended to limit
the invention, its application, or uses.

Exemplary embodiments are directed to or can be opera-
tively used on various vehicles, such as tractors; bulldozers;
automobiles; buses; aircraft; and also motorcycle helmets.

Processes, techniques, apparatus, and materials as known
by one of ordinary skill in the art may not be discussed in
detail but are intended to be part of the enabling description
where appropriate. For example specific computer code may
not be listed for achieving each of the steps discussed, how-
ever one of ordinary skill would be able, without undo experi-
mentation, to write such code given the enabling disclosure
herein. Such code is intended to fall within the scope of at
least one exemplary embodiment.

Notice that similar reference numerals and letters refer to
similar items in the following figures, and thus once an item is
defined in one figure, it may not be discussed or further
defined in the following figures.

Note that various sonic signature identification methods
can be used for example application Ser. Nos. 12/035,873 and
11/966,457, the disclosures of which are incorporated herein
by reference in their entirety.

EXEMPLARY EMBODIMENTS

FIG. 1 illustrates an exemplary embodiment of the Vehicle
ambient sound monitoring system (VASM). In this configu-
ration, at least one Ambient Sound Microphone (ASM) 110
112, 113 are mounted on the exterior of the vehicle 104 and
configured to detect sound around the vehicle 104. These
microphones can be highly directional, using passive acoustic
beam-forming technology (such as “shot-gun” microphones,
familiar to those skilled in the art), or alternatively may use
active beam-forming techniques using an array of at least
three microphones. This enables the direction (or bearing) of
a sound source to be determined. The microphones can be
transducer microphones such as Knowles MR series weather
proof microphones, WP series, TP series, FB series, and other
series microphones or other acoustic energy pickup devices.

At least one exemplary embodiment of the VASM system
114 comprises the hardware components depicted in FIG. 2.
The VASM detects “signature sounds” with the ASMs 110,
112 (e.g., 202, 206). Examples of “signature sounds™ are:
—sirens; —car horns; —“impulsive” sound with a rapid
onset time (or “onset rate” e.g. change in sound pressure level
of greater than approximately 10 dB per second); —sound
with a rapid offset stopping time (e.g. greater than 10 dB per
second); —sound with a sudden change in tonal quality (e.g.
a shift in the spectral kurtosis of a sound, as described in FIG.
4); —sound with a rapid slewing (escalation/de-escalation) in
frequency, as exemplified by the wail setting on U.S. sirens;
—motorcycle engines.

The VASM compares at least one predetermined feature
with at least one measured feature of at least one ASM signal.
When the measured ASM sound characteristic substantially
matches (e.g., within +/-5% of the FFT spectrum with a time
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increment dt) the at least one predetermined feature, for
example the VASM system can notify the vehicle driver using
at least one of the following non-limiting exemplary alerts:
—a visual alert using visual display 106, e.g. a flashing light
or text message, which in one exemplary embodiment is
projected on to the windscreen of the vehicle, on to a com-
biner glass on the upper dashboard, or on to the visor panel of
a helmet (i.e., a “head-up” display; —a haptic alert (tactile
display) which imparts a distinct, readily detectable high-
frequency vibration to the body of the driver, via one or more
vibro-tactile transducers mounted in the seat pan or back,
within the steering wheel rim, on the foot pedals, or in the
internal cushioning or chin strap of a motorcycle helmet; —a
sound alert (i.e. “auditory display”) using an internal loud-
speaker 108 to generate a sound in the vehicle cabin; or in
another exemplary embodiment, the sound alert may be
reproduced to the vehicle driver using an earphone device. In
one exemplary embodiment, the alert is a reproduction of the
ASM microphone signal that is used to detect the signature
sound. In another embodiment, the auditory alert is a pre-
recorded voice or non-voice message.

In one exemplary embodiment of the present invention, at
least two loudspeakers are used, each being positioned to bias
its output to one ear or the other, and the level and/or phasing
of'the alert signal that is sent to each loudspeaker is automati-
cally adjusted by the VASM to facilitate the localization of the
sound source in the ambient environment using spatial sound
cues (in one exemplary embodiment, the alert signal may also
have a different relative phase in each loudspeaker).

The internal microphone sensor 116 is configured to detect
the sound pressure level (SPL) in decibels and (optionally)
the sound spectral profile within the vehicle cabin (or helmet).
If the internal cabin SPL is equal to or greater than a prede-
termined threshold (which in one exemplary embodiment is
approximately 80 dB), then the reproduction SPL level of the
sound alert, i.e., the “signal,” is increased so that it is repro-
duced at a level greater than the interior cabin SPL, i.e., the
“noise,” by a predetermined signal-to-noise ratio to insure
reliable and rapid detection by the driver. It will be obvious to
one having ordinary skill in the art that the signal-to-noise
ratio can be adjusted to accommodate particular vehicles and
particular hearing abilities of individual drivers.

In yet another exemplary embodiment of the invention, the
degree of acoustic isolation of the internal vehicle cabin (or
helmet) is determined using at least one internal microphone
116 and at least one ambient microphone 112. The acoustic
isolation is determined by analyzing the electronic cross cor-
relation, or alternatively the coherence, between the at least
one internal microphone and the at least one ambient micro-
phone. If the absolute correlation or coherence is less than a
predetermined threshold, then the cabin is determined to be
acoustically isolated. Other methods to determined the degree
of'acoustic isolation of the interior vehicle cabin may also be
used, such as detecting the status of the vehicle windows,
doors, and ventilation system, and comparing this status with
a predetermined database, e.g. if all windows, doors, and
ventilation vents are closed, then the acoustic isolation status
may be setto “high”, or a corresponding numerical value (e.g.
20 dB).

FIG. 2 depicts an exemplary hardware assembly for the
present VASM invention. The assembly comprises the fol-
lowing components: at least one ASM 202, 206, a signal of
which is converted to a digital signal via the Analog to Digital
Converter (ADC) units; at least one internal microphone 204
to detect sound on the inside of the vehicle (or motorcycle
helmet); a signal processing unit 214; computer readable
memory 212; power supply 208; visual display unit 216; and
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at least one internal loudspeaker unit 210, which receives an
analog signal that has been converted via a Digital to Analog
Converter (DAC).

FIG. 3 depicts an exemplary embodiment of the present
VASM invention depicting a method to inform the vehicle
driver of a detected sound signature in the ambient environ-
ment.

The method comprises the following steps: accumulating
an input ASM buffer of digital audio samples representing the
signal from at least one ASM, step 302. At step 303,
OPTIONALLY reducing the level of the vehicle engine noise;
wind-noise (i.e. air turbulence generated by the car and
microphone); chassis-propagation noise (noise generated by
tire friction and suspension emissions) in the ASM using an
Active Noise Reduction (ANR) system. Step 303 is described
in FIG. 4. In this example embodiment, the ANR subtracts a
filtered and time-shifted reference signal (which in one exem-
plary embodiment, is a signal from a microphone near the
vehicle engine, at step 301), from the ASM signal (step 302).
Such ANR systems are familiar to those skilled in the art. In
one exemplary embodiment, the filter is an adaptive filter
updated according to the Least Means Square (LMS) algo-
rithm. The method includes analyzing the input ASM buffer
to generate a set of ASM signal characteristics (step 306), and
comparing the set of ASM signal characteristics with a pre-
determined set of characteristics 304 to detect a sound signa-
ture if the sets of signal characteristics are substantially simi-
lar. The method also includes determining if a sound
signature is detected with a logic unit at step 308, and if it is
not, the process is repeated at step 302. The method of detec-
tion can use the GMM approach, familiar to those skilled in
the art. Alternatively, the method of detection can use the rate
of change of the ASM (or modified ASM) signal envelope to
detect sudden onsets or offsets. If a sound signature is
detected at step 308, then the SPL in the interior cabin of the
vehicle is determined at step 314 using an internal micro-
phone input buffer at step 310. If, at step 316, the SPL of the
interior cabin of the vehicle is greater than a predetermined
threshold 312, AND a sound signature has been detected, then
at least one of three alerts are issued: a.) An audible warning
318; b.) A visual warning 320; and c¢.) A hapfic Jvibrotactile)
warning 321. The vibrotactile mode can be very effective in
conveying the locale of a target signal if multiple vibrotactors
are used, e.g., one under the front of the thigh in the seat pan
cushion (signaling an approach from front), two in the seat
back cushion (approach from the back; left right directional-
ity, etc.). Furthermore, vibrotactors provide a great opportu-
nity for conveying a speed of approach of the oncoming siren,
with the use of a single transducer, by increasing the fre-
quency and/or amplitude of the vibration to coincide with the
increasing speed or “closing of the gap” of an approaching
emergency vehicle.

An audible warning can be presented to the driver using at
least one loudspeaker in the vehicle cabin, or using earphone
devices within a helmet. The direction of the ambient sound,
which triggered the warning can be determined using an array
ofat leasttwo ASMs mounted on the vehicle, and using active
beam-forming techniques, familiar to those skilled in the art,
to determine the dominant direction of the sound source.
Alternatively, as already mentioned, highly directional ASM
microphones (such as “shot-gun” microphones) can be used,
and the corresponding direction of the ASM that detected the
sound signature with the highest degree of certainty can be
used to ascertain the source direction.

Doppler sound cues can be used to determine a speed and
a bearing of approaching vehicles. The Doppler shift rate (in
Hz/second) can be estimated by the rate of change of a strong
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spectral feature. Once a sonic signature has been identified,
key frequency dependencies can be used to obtain a shift in
the characteristic spectrum. For example FIG. 5 illustrates a
stored frequency spectrum of a particular sonic signature in a
chosen time frame (e.g., 100 msec) with peak frequencies fpl
to fp6 for a stationary source (vs=0) and a stationary vehicle
(vo=0). A particular sonic signature can have the key fre-
quency spectrum shifted due to motion of the sound source
(vs < >0) and/or due to motion of the vehicle (vo< >0). A
frequency shift can be described as

fp2n=1p2((v+/-vo)/(v—/+vs)), where the upper sign is used
if the source/vehicle move toward each other and the lower
sign applies if they are moving apart. If the vehicle motion is
isolated using motion devices (e.g., accelerometers, GPS)
then vo can be measured by these devices (e.g., vox, voy, voz,
in the respective three directions), and if v (speed of sound) is
known, then vs can be determined after determining the fre-
quency shift from the spectrums.

When the vehicle is parked or reversing, the ASM signals
are reproduced to the internal cabin via the cabin loudspeak-
ers. In one exemplary embodiment, the reproduced ASM
signals are first processed with the ANR system described (to
remove masking noise) as in FIG. 4, thus increasing the
situation awareness of the vehicle occupants for local sound
sources, such as a child behind the car. In one exemplary
configuration, when the car is reversing only the rear ASM
signals (e.g. those on the rear bumper) are reproduced, and the
spatial cues of the ambient environment can be preserved
within the vehicle cabin by reproducing the rear-left ASM
signal with the rear-left loudspeaker in the vehicle, and the
rear-right ASM signal with the rear-right loudspeaker.

FIG. 4 describes an exemplary embodiment of the Active
Noise Reduction (ANR) system 303. In one exemplary
embodiment, the engine microphone input buffer 402 is a first
input signal from a microphone close to or directly coupled
with the vehicle engine. In another exemplary embodiment,
this input signal 402 is a signal that has been stored on com-
puter readable memory or automatically generated. The first
input signal 402 is filtered by a frequency dependant adaptive
filter 404, with filter coefficients h(n), to produced a filtered
signal, where:

h)=Thoh., .. h,].

The filtered signal is then subtracted from the ASM input
buffer 406 via subtractor 410, which in one exemplary
embodiment is the signal from one ASM microphone located
on the bumper of the vehicle. The resulting modified ASM
output signal 408 is then used for the sound signature identi-
fication system. The modified ASM output signal 408 is also
used to update the adaptive filter coefficients h(n), which in
one exemplary embodiment is updated using the LMS algo-
rithm:

hi(n+1)=h(n)+px(n)e* (n)

Where x(n) is a vector of the samples of the engine micro-
phone input buffer 402; e(n) is a single output sample of the
modified ASM output signal 408; and 1 is a step size update
coefficient.

At least one exemplary embodiment is directed to local-
ization of the sound source, using either the visual indicator or
a multi-channel loudspeaker audio system in the vehicle.
Localization can be ascertained in terms of an azimuthal
bearing of an ambient sound source. Furthermore, a velocity
of' an ambient sound source can be reported to the user with
Doppler cues.

The active pass-through of the ASM signal to internal
loudspeakers, via the ANR system may be used, to increase
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situational awareness of the vehicle occupants to local sound
sources, such as a human who may be obscured from view
behind the vehicle.

An ANR system may be used to reduce the engine, chassis,
wind or other noise in the ASM signals.

None of'the cited art teach a method to detect malfunction
of a vehicle engine or vehicle accessory (such as a malfunc-
tioning rotor blade(s) on a combine-harvester).

Furthermore, the related art does not teach a method or
system to detect a variety of sound characteristics. The system
of'the present invention is directed to detecting at least one of
the following examples of “signature sounds™ —sirens;
—car horns; —“impulsive” sound with a rapid onset time (or
“onset rate” e.g. change in sound pressure level of greater
than approximately 10 dB per second); —sound with a rapid
offset stopping time (e.g. greater than 10 dB per second);
—sound with a sudden change in tonal quality (e.g. a shift in
the spectral kurtosis of a sound, as described in FIG. 4);
—sound with a rapid slewing (escalation/de-escalation) in
frequency, as exemplified by the wail setting on U.S. sirens;
—motorcycle engines. The method of detection can use the
GMM approach, familiar to those skilled in the art. Alterna-
tively, the method of detection can use the rate of change of
the ASM (or modified ASM) signal envelope to detect sudden
onsets or offsets. In addition, in at least one exemplary
embodiment the method of alerting the vehicle user is modi-
fied by the user’s ambient sound level (i.e. the sound level of
the internal vehicle cabin, or the sound level within the hel-
met).

Atleast one exemplary embodiment is directed to a vehicle
situation awareness device comprising: a notification device,
where the notification device is configured to emit a first
signal; a microphone, where the microphone is configured to
measure a second signal, where the second signal is a mea-
surement of at least a first portion of an ambient acoustic
signal; and a processor, where at least one sonic signature is
identified from at least a second portion of the second signal,
and where when the at least one sonic signature is identified
an emit signal is sent to the notification device to emit the first
signal.

The notification device can be a speaker (receiver) in the
vehicle passenger compartment. For example if a sonic sig-
nature is identified and information is available to determine
whether it is coming toward the vehicle, an audio signal can
be emitted from the speaker (receiver) identifying the source
and that the source is approaching the vehicle and from which
direction and at which rate. Additionally the notification
device canbeadisplay (e.g., lights, aheads up display, video).
For example if an ambulance is identified a visual display in
the instrument panel can identify the location and whether it
is approaching (e.g., light for location about a car outline, and
red for approaching and green for moving away).

In at least one exemplary embodiment the notification
device is inside the vehicle. For example a speaker in the
vehicle cabin, as well as outside (external speaker). In at least
one exemplary embodiment the first signal can be an elec-
tronic signal sent to the notification device, which in turn then
emits an acoustic signal, thus either the electronic signal or
acoustic signal can be referred to as an audio signal.

Atleast one exemplary embodiment monitors the vehicle’s
systems (e.g., engines, brakes, window breakage). A micro-
phone can be placed strategically where an acoustic signal
can be sampled for sonic signatures, which identify vehicle
performance. For example a normal operating engine can be
acoustically signatured (sonic signature model trained to
identify a correctly operating engine) then monitored to look
for abnormalities in the engine performance. For example a
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microphone, where the microphone is configured to measure
a second signal (e.g., acoustic signal in the engine compart-
ment) where the second signal is a measurement of at least a
first portion of a vehicle equipment signal (e.g., the engine
acoustic signal). A processor can be used to analyze at least a
second portion (e.g., time segment) of the second signal, to
identify at least one sonic signature (e.g., non normal engine
performance). For example the system can continuously
sample for normal performance and upon the lack of detec-
tion over a predetermined amount of time (e.g., 1 minute), a
warning signal (e.g., emit signal) can be sent to the notifica-
tion device.

Note that in at least one exemplary embodiment the noti-
fication device can also be a video display, for example a
heads up display, an LCD display, an outline of the vehicle
with lights around the outline so as to identify detection
location, colored labeled lights to identify as well as other
visual notification systems as known by one of ordinary skill
in the art of notification.

At least one exemplary embodiment can use a second
processor that takes an emit signal (e.g., engine error signal)
and send a control signal to the vehicle control system (e.g.,
engine processor) to modify system operation (e.g., vary fuel/
air mixture). Many aspects of the vehicle can be controlled in
response to an emit signal, for example shifting gears,
decreasing power usage, sending a remote signal, operating
the windshield wiper, and changing the headlight illumina-
tion.

At least one exemplary embodiment can include a micro-
phone, where the microphone is configured to measure an
interior vehicle acoustic signal or an external vehicle acoustic
signal where a portion of the measured acoustic signal is used
to identify sonic signatures and depending upon the sonic
signature an action is taken (e.g., abnormal tire sound, an
action to send a warning to the driver) or not taken (e.g., sonic
signature is a normal tire operation, then no action is taken).

In at least one exemplary embodiment the sonic signature
is a voice command. For example a user can store his com-
mand “open”, where if the sonic signature “open” is identified
a command is sent to a processor to open the vehicle doors.
Similar commands such as “open gas tank”, “open door”,
“start”, “alarm”, and other such commands can be used to
control the vehicle. At least one further exemplary embodi-
ment to modify vehicle operation includes one of at least
opening a door, opening the trunk, opening the gas tank
access panel, opening the hood, turning on the headlights,
turning on an audio alarm, and beginning audio recording.

At least one exemplary embodiment is directed to a method
of situation awareness facilitation for a vehicle driver com-
prising: receiving a first acoustic signal from outside a vehicle
that the driver is in and converting the first acoustic signal into
a first acoustic electronic signal; sending the first acoustic
electronic signal to a processor; matching the first acoustic
electronic signal by the processor to stored reference elec-
tronic signals; and sending an acoustic message associated
with a matched reference electronic signal to a speaker in the
cabin of the vehicle.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
modifications, equivalent structures and functions of the rel-
evant exemplary embodiments. For example, if words such as
“orthogonal”, “perpendicular” are used the intended meaning
is “substantially orthogonal” and “substantially perpendicu-
lar” respectively. Additionally although specific numbers
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may be quoted in the claims, it is intended that a number close
to the one stated is also within the intended scope, i.e. any
stated number (e.g., 20 mils) should be interpreted to be
“about” the value of the stated number (e.g., about 20 mils).

Thus, the description of the invention is merely exemplary
in nature and, thus, variations that do not depart from the gist
of the invention are intended to be within the scope of the
exemplary embodiments of the present invention. Such varia-
tions are not to be regarded as a departure from the spirit and
scope of the present invention.

What is claimed is:

1. A vehicle situation awareness device for a vehicle com-
prising:

a notification device in the vehicle configured to emit an

audio signal;

an internal microphone configured to measure an internal

acoustic signal in the vehicle;

an ambient microphone configured to measure an ambient

acoustic signal external to the vehicle; and

a processor configured to:

determine an internal sound pressure level (SPL) in the
vehicle based on the internal acoustic signal,

identify at least one sonic signature from the ambient
acoustic signal, and

when the at least one sonic signature is identified, deter-
mine whether to send an emit signal to the notification
device to emit the audio signal based on the internal
SPL.

2. The awareness device according to claim 1, where the
notification device includes a receiver.

3. The awareness device according to claim 1, where the
notification device further includes a video display.

4. The awareness device according to claim 1, where the
audio signal includes at least one of the ambient acoustic
signal, a voice message or a non-voice message.

5. The awareness device according to claim 1, where the
processor adjusts a reproduction SPL of the audio signal
based on the internal SPL.

6. A vehicle situation awareness device for a vehicle com-
prising:

a notification device in the vehicle configured to emit an

alert signal including an audio signal;

an internal microphone configured to measure an internal

acoustic signal in the vehicle;

an external microphone configured to measure a vehicle

equipment signal; and

a processor configured to:

determine an internal sound pressure level (SPL) in the
vehicle based on the internal acoustic signal,

identify at least one sonic signature from the vehicle
equipment signal, and

when the at least one sonic signature is identified, deter-
mine whether to send an emit signal to the notification
device to emit the audio signal based on the internal
SPL.

7. The awareness device according to claim 6, where the
notification device includes a receiver.
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8. The awareness device according to claim 6, where the
notification device includes a video display.
9. The awareness device according to claim 6, where the
alert signal is an input to a second processor, the alert signal
used by the second processor to affect an operation of the
vehicle.
10. The awareness device according to claim 9, where the
operation is at least one of shifting gears, decreasing power
usage, sending a remote signal, operating a windshield wiper,
and changing a headlight illumination.
11. A vehicle situation awareness device for a vehicle com-
prising:
a notification device in the vehicle configured to emit an
alert signal to a first processor, the first processor used to
modify an operation of the vehicle responsive to the alert
signal;
an internal microphone configured to measure an interior
vehicle acoustic signal in the vehicle;
an external microphone configured to measure an external
vehicle acoustic signal; and
a second processor, configured to:
determine an interior sound pressure level (SPL) in the
vehicle based on the interior vehicle acoustic signal;

identify at least one sonic signature from at least one of
the interior vehicle acoustic signal or the external
vehicle acoustic signal, and

when the at least one sonic signature is identified, deter-
mine whether to send an emit signal to the notification
device to emit the alert signal based on the interior
SPL.

12. The awareness device according to claim 11, where the
at least one sonic signature is a vocal command.

13. The awareness device according to claim 12, where the
alert signal uniquely corresponds to the voice command.

14. The awareness device according to claim 11, where the
operation includes one of at least opening a door, opening a
trunk, opening a gas tank access panel, opening the hood,
turning on headlights, turning on an audio alarm, and begin-
ning an audio recording.

15. A method of situation awareness facilitation for a
vehicle driver of a vehicle, the method comprising:

receiving an internal acoustic signal from inside the vehicle
and converting the internal acoustic signal to an internal
acoustic electronic signal;

receiving an ambient acoustic signal from outside the
vehicle and converting the ambient acoustic signal into
an ambient acoustic electronic signal;

determining, by a processor, an internal sound pressure
level (SPL) in the vehicle based on the internal acoustic
electronic signal;

matching, by the processor, the ambient acoustic electronic
signal to one or more stored reference electronic signals;
and

determining whether to send an acoustic message associ-
ated with a matched reference electronic signal to a
speaker in the vehicle based on the internal SPL.

#* #* #* #* #*
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INFORMATION PROCESSING USING A
POPULATION OF DATA ACQUISITION
DEVICES

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is a continuation of and claims priority to
allowed U.S. patent application Ser. No. 16/736,820, filed 8
Jan. 2020, which is a continuation of and claims priority to
allowed U.S. patent application Ser. No. 16/055,488, filed
Aug. 6, 2018, which is a continuation of and claims priority
to U.S. patent application Ser. No. 13/976,636, filed on Oct.
1, 2013, which is a National Stage Entry of PCT/US11/
68103 filed on Dec. 30, 2011, which claims priority to and
the benefit of U.S. Provisional Patent Application Ser. No.
61/431,507 filed Jan. 11, 2011, and which also claims
priority to and the benefit of U.S. Provisional Patent Appli-
cation Ser. No. 61/428,369 filed Dec. 30, 2010, all of which
are herein incorporated by reference in their entireties.

FIELD OF THE INVENTION

The present invention relates to processing of information
from a population of data acquisition devices, and in some
examples, relates to processing of audio or multimedia data
acquired from an adaptively selectable population of per-
sonal wireless devices.

BACKGROUND

Devices that are capable of acquiring, and in some cases
locally processing, audio or multimedia information from
their local environment have become ubiquitous over the
past several years, and there is little reason to expect that
such a trend will not continue. For example, “smart” cellular
telephones (e.g., Apple iPhone.RTM., Android™-operating
system based phones) have significant local processing
capabilities as well as audio and video acquisition devices.

SUMMARY OF THE INVENTION

In one aspect of the present invention, in general, the
audio and multimedia acquisition capabilities of a set of
devices may be exploited to aggregate acquired content and
fuse the information in that content, for instance, for audio
scene analysis. In some example embodiments, devices from
a large population may be adaptively selected and/or con-
figured according to triggering events detected at the devices
or by the network. Relating to the audio scene, the infor-
mation sensed and acquired from one or more devices may
be processed, customized and personalized to consumers to
mitigate, amplify or pass-through acoustic and other infor-
mation to users, based on factors such as models of users’
requirements and users’ past information consumption
behavior. Thus an exemplary system of the present invention
may mediate ambient and explicitly supplied information,
especially audio information, and may act as an arbiter of
information for the user. Some of the system actions may be
based on information from one device, while other actions
may be based on information from multiple devices. The
information filtered to users may be utilized to form virtual
communities based on shared interests and common infor-
mation, and to ensure that relevant information including
alerts, marketing information, and news reaches these com-
munities.
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According to another aspect of the present invention, in
general, a distributed system may include a plurality of
distributed devices, with at least one of a communication
system or one or more of the distributed devices configured
as a controller. Each device has at least a communication
capability for interchanging information with other of the
devices and/or with the communication system. At least one
of'the devices may include one or more sensors for acquiring
sensor data related to the environment of the device. The
controller is configured to perform functions including:
determining locations of at least some of the devices,
selecting devices from among the plurality of devices and
receiving information based on the sensor data acquired at
the selected devices, and combining the information
received from multiple of the selected devices to determine
one or more characteristics of the environment of one or
more of the devices.

In other aspects of the present invention, the distributed
system may include devices that mediate all audio informa-
tion sensed at the device to mitigate, amplify or pass-through
information. In some examples, such information is option-
ally logged and analyzed to determine trend-related infor-
mation.

Other features and advantages of the invention are appar-
ent from the following description, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be understood from the following
detailed description when read in connection with the
accompanying drawing. It is emphasized, according to com-
mon practice, that various features of the drawings may not
be drawn to scale. On the contrary, the dimensions of the
various features may be arbitrarily expanded or reduced for
clarity. Moreover, in the drawing, common numerical ref-
erences are used to represent like features. Included in the
drawing are the following figures:

FIG. 1 is a functional block diagram of an information
processing system, according to an exemplary embodiment
of the present invention;

FIG. 2A is a functional block diagram of a distributed
device of the system shown in FIG. 1, according to an
exemplary embodiment of the present invention;

FIG. 2B is a functional block diagram of a controller of
the system shown in FIG. 1, according to an exemplary
embodiment of the present invention; and

FIG. 3 is a flowchart diagram of an exemplary method for
processing information from a plurality of distributed
devices, according to an exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
INVENTION

1 System Overview

Personal wireless devices, as well as other types of
computing or communication devices, have become ubig-
uitous in our environment. Generally, such devices have a
number of sensors, which may include, for instance, micro-
phones, cameras, accelerometers, and in some cases may
even have sensors for biometric information, such as heart
rate. Such devices also generally include one or more
communication systems, for example, a cellular telephone
radio system (e.g., Code Division Multiple access (CDMA)
or Global System for Mobile Communications (GSM)), a
wireless local area network system (e.g., Wi-Fi, IEEE
802.11), wired computer network connections (e.g., data
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network connections via USB cradles, possibly via desktop
computer applications) and in some cases other systems
based on radio frequency (e.g., Bluetooth.RTM.) or optical
(e.g., infra-red) transmission. Finally, such devices generally
are “location aware” and/or locatable by the infrastructure in
which they operate. For example, such devices may have
global positioning system (GPS) receivers, enhanced GPS
(which operates in conjunction with cellular telephone infra-
structure), and/or Wi-Fi based maps (which use a map of
Wi-Fi access points to locate the device). The cellular
infrastructure may, for example, be able to locate the device
based on cellular signal strength and/or triangulation
approaches.

In some aspects of the present invention, the combination
of characteristics of these devices provides a potentially rich
source of information that may be combined in a way that
generates valuable information that is not necessarily avail-
able to any individual device. As an illustrative example,
audio processed locally at many different devices may be
combined to identify geographic or social group trends
based on keywords spoken or other acoustic events (e.g.,
coughs) that are detected at the devices.

Detection of coughs is an example where detection of
non-speech acoustic events may be useful. Because a cough
is often a sudden and often repetitively occurring reflex,
frequent coughing may indicate the presence of a disease
(e.g., many viruses and bacteria benefit evolutionarily by
causing the host to cough, which helps to spread the disease
to new hosts). Most of the time, coughing is caused by a
respiratory tract infection but can be triggered by choking,
smoking, air pollution, asthma, gastro-esophageal reflux
disease, post-nasal drip, chronic bronchitis, lung tumors,
heart failure and medications such as ACE inhibitors. Detec-
tion of such events in the vicinity of the devices may provide
significant information.

In other aspects of the present invention, the rich sensor
capabilities of the devices may provide a way to track
activity of a user (e.g., owner) of the device, to enhance the
user’s experience with various computing applications (such
as searching or personalization). As an illustrative example,
topics of conversation in the vicinity of the device may affect
the ranking of search results or the ordering of presentation
of news stories on the device.

In some aspects of the present invention, the rich source
of information over many devices and the tracking of
individual activity may be combined, to benefit from their
synergy.

Referring to FIG. 1, a functional block diagram of an
exemplary information processing system, designated gen-
erally as system 100, is shown. System 100 may include one
or more distributed devices 120 (also referred to herein as
devices 120) and device 120" (also referred to as controller
120") in an environment. One or more of devices 120 and
device 120' may be configured to acquire information relat-
ing to audio scene 130. Device 120" may be the same as
device 120, except that device 120" may be configured to act
as a controller for selectively acquiring sensor information
from among devices 120 and for determining a characteristic
of audio scene 130. Although one device 120' is illustrated
as being a controller, it is understood that multiple devices
120" may act as controllers.

Although device 120' is illustrated as a controller for
gathering sensor information and determining a character-
istic of audio scene 130, it is understood that communication
system 150 and/or server 140 may also be configured to act
as a controller. Communication system 150 or server 140
may collect at least one of sensor information from devices
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120, 120", local data analysis information from devices 120,
120" or scene analysis information from device 120'.

Devices 120 and device 120' may be capable of direct
communication with each other, via communication link
154. Devices 120 and device 120" may also be capable of
communication with communication system 150, via com-
munication link 152. Devices 120 and device 120' may also
be in communication with central server 140, via commu-
nication system 150 and communication link 152. Devices
120, 120' may include wired or wireless devices. As dis-
cussed further below, devices 120, 120' may be at fixed
positions or may be mobile devices.

In one exemplary embodiment, a number of devices 120
are present in an environment. In some examples, the
devices 120 (and device 120') are cellular telephones (e.g.,
“smartphones™). The environment represented by audio
scene 130 may be an urban environment, for example, with
the devices 120, 120' being present on city streets, in office
buildings, or in homes of the users. Generally, the devices
120, 120' may be personal to the users/owners (of the
devices), and may be mobile devices, carried with the user
throughout the day.

In FIG. 1, a small number of representative devices 120,
120" are illustrated. As discussed further below, the poten-
tially enabled devices 120, 120" may be part of a large
population of devices (e.g., a large fraction of the telephones
in a metropolitan area) and system 100 may adaptively
enable particular subsets of the devices 120 and/or selec-
tively configure enabled devices 120. For instance, device
120" (or server 140) may enable and/or configure the devices
120 according to triggering events detected at one or more
devices 120, 120"

It should be understood that the description below focuses
on smartphones as an example, and other types of fixed or
mobile devices may be used in conjunction with or instead
of smartphones. Also, the description below focuses on
aggregation or combination of audio information as an
example, but aggregation and processing of other forms of
information, including video and biometric information may
be performed in conjunction with or instead of the audio data
examples described below.

As introduced above, any particular device 120, 120' is
able to sense some aspect of an overall audio “scene” in its
environment. Such a scene may include, for example, the
device owner’s own speech even when not carrying out a
telephone call, other sounds made by the owner (such as
coughing), the speech of others in proximity to the user and
environmental sounds in proximity to the user (such as
sirens, gunshots, etc.).

Generally, system 100 makes use of the audio acquisition
capabilities of one or more of the devices 120, 120" in order
to extract information related to the views of the audio scene
130 by the one or more devices 120, 120'. In one exemplary
approach to acquisition of the raw content, every device 120
could continually transmit its acquired signals over commu-
nication system 150 to a central server 140 (via communi-
cation link 152). For example, the communication system
150 may comprise a cellular telephone system and/or a
wireless data network. However, such continual transmis-
sion may not be feasible due to the sheer volume given the
large number of devices 120, 120' that are fielded, and may
raise other issues regarding privacy of those in the environ-
ments of the devices 120, 120'.

Another exemplary approach to extracting information is
for each device 120, 120" to perform a local signal analysis
based on the signals acquired by that device. However, such
an approach may have limitations due to the computational
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limitations of the devices 120, 120'. Also, a purely local
processing may lose advantages that could be gained by
fusing of information from multiple devices 120, 120'

An exemplary approach describe below addresses some
of the limitations of a purely local or a purely centralized
approach using a combination of one or more of the fol-
lowing features: [0028] 1) Local processing of acquired
signals (on devices 120), at least to identify occurrences of
events that may be of interest; [0029] 2) Local buffering of
audio for selective transmission to device 120" or central
server 140, for example, on an ongoing basis or based on a
request from device 120' or server 140, or based on local
identification of a local event (at one or more of devices
120); and [0030] 3) Selective enabling of acquisition and/or
processing (or specification of the type of processing) at
particular devices 120, 120, for example, based on their
geographic location and/or other proximity metrics (e.g., a
social network rather than a geographic distance metric).

Note that the locations of the devices 120, 120' (e.g.,
three-dimensional coordinates) are generally known by the
devices 120, 120" and/or central server 140. As an example,
a positioning system 180 makes use of units having known
locations, such as GPS satellites 182, fixed cellular trans-
mission towers, Wi-Fi access points, etc. to maintain an
estimate of the positions of the devices.

Referring to FIG. 2A, a functional block diagram of
exemplary device 120 is shown. Device 120 may include
one or more of sensor module 202, local data analysis
module 204, communication module 206, controller 208,
media/state storage 210, position module 212, user interface
214, display 216, warning indicator 218, speaker 220 and
privacy module 236.

A typical device 120 includes communication module
206, which provides a communication link 152 through the
communication system 150 to sever 140 and/or a commu-
nication link 154 to other devices 120, 120'. Communication
module 206 may also serve a role in acquiring positioning
signals (e.g., GPS signals, Wi-Fi signal strengths, etc.), and
may also provide a way to communicate directly with other
devices 120.

Device 120 may include sensor module 202 for the
acquisition of sensor information. Sensor module 202 may
include one or more microphones 222 for collecting acoustic
information regarding audio scene 130 (FIG. 1). Sensor
module 202 may also include one or more environmental
sensors (such as a temperature sensor, a motion sensor such
as an accelerometer) for collecting environmental informa-
tion associated with device 120. Sensor module 202 may
also include one or more biometric sensors 226 (such as
heart rate) for sensing biometric information regarding a
user of device 120. Sensor module 202 may also include
camera 228 (i.e., an image sensor) for capturing still images
and/or video of the surrounding environment of device 120.
Sensor module 202 may also include a compass for provid-
ing location information. In general, sensor module 202 may
include any sensor capable of measuring a physical quantity
and converting it into a signal that may be used by system
100. For example, sensors in sensor module 202 may also
include, without limitation, one or more of light detection
sensors, proximity sensors, gravity detection sensors, a
magnetic field detection sensors, electrical field detection
sensors, vibration sensors, pressure sensors, humidity sen-
sors, moisture sensors, toxin detection sensors, nutrient
detection sensors or pheromone detection sensors.

User interface 214 may include any suitable user interface
capable of providing parameters for one or more of sensor
module 202, local data analysis module 204, communication
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module 206, media/state storage 210, position module 212,
display 216, warning indicator 218, speaker 220 and privacy
module 236. User interface 214 may include, for example,
a pointing device, a keyboard and/or a display device.

Device 120 may include display 216, warning indicator
218 and/or speaker 220 for presenting information to a user
of device 120. Display 216 may include any suitable display
device capable of presenting information on device 120.
Warning indicator 218 may include any suitable visual
indicator for presenting a warning on device 120. The
warning may include, for example, an indication that audio
information is being recorded. It is understood that speaker
220 may also audibly present a warning indication.
Although user interface 214 and display 216 are illustrated
as separate devices, it is understood that the functions of user
interface 214 and display 216 may be combined into one
device. According to an exemplary embodiment, device 120
may receive acoustic and/or other information (via display
216, warning indicator 218 and/or speaker 220) that has
been mitigated, amplified and/or passed to device 120 from
device 120' (FIG. 1) based on information acquired from one
or more devices 120.

Device 120 may include position module 212, to maintain
a position estimate for device 120. For example, position
module 212 may use positioning system 180 (FIG. 1) to
obtain the position estimate.

Media/state storage 210 may store at least one of raw
sensor information (from sensor module 202), locally ana-
lyzed information (from local data analysis module 204) or
location information (from position module 212). Media/
state storage 210 may include, for example, a magnetic disk,
an optical disk, flash memory or a hard drive.

Controller 208 may be coupled, for example, via a data
and control bus (not shown) to one or more of sensor module
202, local data analysis module 204, communication module
206, media/state storage 210, position module 212, user
interface 214, display 216, warning indicator 218, speaker
220 and privacy module 236. Controller 208 may be con-
figured to control acquisition of sensor information, local
analysis of sensor information, transmission and/or receipt
of sensor information, transmission and/or receipt of local
analysis information, as well as any presentation of infor-
mation by device 120 (such as via display 216, warning
indicator 218 and/or speaker 220). Controller 208 may
include, for example, a logic circuit, a digital signal proces-
sor or a microprocessor. It is understood that one or more
functions of local data analysis module 204 may be per-
formed by controller 208.

Local data analysis module 204 may be configured to
analyze information collected locally by sensor module 202
for device 120. Local data analysis module 204 may include
acoustic analysis module 230 for analyzing audio informa-
tion (such as from one or more microphones 222). The audio
information may include speech, music as well as environ-
mental sounds (such as an approaching train). The speech
may be generated by a user of device 120, as well as by other
individuals proximate to device 120. Local data analysis
module 204 may perform the analysis either locally or with
the aid of backend server architecture or similar mecha-
nisms.

Local data analysis module 204 may also include other
sensor analysis module 232 for analyzing information from
other sensors of sensor module 202. For example, other
sensor analysis module 232 may analyze information from
one or more of environmental sensor(s) 224, biometric
sensor(s) 226 and/or camera 228. Local data analysis mod-
ule 204 may combine results from acoustic analysis module
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230 (such as keywords, target sounds) and other sensor
analysis module 232 to determine the occurrence of one or
more particular events (and/or a characteristic of audio scene
130).

Acoustic analysis module 230 and/or other sensor module
232 may also pre-process the respective sensor information,
for example, to substantially remove or reduce noise. Mod-
ules 230, 232 may also filter the noise-reduced sensor
information to identify high value signals which may be
indicative of the occurrence of particular events.

Local data analysis module 230 may include classifiers
234 associated with acoustic analysis module and/or other
sensor analysis module. Classifiers 234 may be used to build
profiles of audio information, environmental information,
biometric information and/or image information.

In an exemplary embodiment, acoustic analysis module
230 may preprocess the audio information to recognize
speech, perform keyword spotting on speech information,
and in addition build voice models of various speakers
within the auditory range of the device. The models may, for
example, use classifiers 234 and machine learning methods
to identify gender, probable age range, nationality and other
demographic features from the speech signals.

In addition, there may be classifiers 234, for instance, to
recognize any slurring due to the influence of alcohol or
similar substances, accent classifiers to detect and identify
accent patterns belonging to specific language groups, and
emotion classifiers to classify speakers and speech into
happy, sad, stressed, angry or other emotional states. Thus,
given any audio input that includes any speech, individual
devices 120 or system 100 (FIG. 1) as a whole may be able
to build an acoustic profile of each speech participant in that
input, where the profile not only includes the keywords
spotted, but also other data such as demographic data about
each speaker including gender, probable age, possible
nationality etc., as well as classifier results about emotional
state, and/or whether the speaker is under the influence.

The acquisition of keywords with demographic data may
help advertisers target their sales, based on factors such as
gender, age and potential levels of disposable income, and to
track their sale cycle from users noticing their advertise-
ments to those users who actually make a purchase. Emotion
indicators may be used to take palliative or preventative
steps to avoid customer dissatisfaction. Other information
like slurring may be used as corroboratory information in
situations such as accidents or may be used to prevent
accidents.

Privacy module 236 may include mechanisms to imple-
ment privacy and/or security requirements and policies for
applications relating to the acquisition and use of informa-
tion of various kinds, including audio information, by one or
more devices associated with a number of carriers. These
policies and mechanisms may control the use of devices 120
(and device 120' (FIG. 1)) including the ability to remotely
switch on and switch off sensing (e.g., listening), the own-
ership of any audio information garnered by these devices
120 (and device 120' (FIG. 1)), the users’ ability to easily
control sensing and information acquisition, mechanisms to
opt-in and opt-out of applications, carrier-wide or network-
wide data gathering, the protection of any audio personally
identifiable information (PII) that is gathered, and any
aggregated data that is created from a number of devices 120
(device 120" (FIG. 1) and networks. Policies or standard
practices may also be established for private or semi-private
situations where not all users present have opted-in for data
acquisition. For example, when system 100 (FIG. 1) records
speech from users that are not likely to be opted-in to the
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information acquisition, system 100 may provide a warning
indication to all devices 120 in the immediate vicinity to
indicate that audio information is being recorded. The warn-
ing indication may be provided on warning indicator 218.

Referring next to FIG. 2B, a functional block diagram of
exemplary device 120' is shown. Device 120' is similar to
device 120 (FIG. 2A), except that device 120' may also
include device selection/data acquisition module 240 and
scene analysis module 242. Similarly to device 120 (FIG.
2A), components of device 120' may be coupled together via
a data and control bus (not shown).

Device selection/data acquisition module 240 (also
referred to herein as module 240) may receive sensor
information and/or locally analyzed information from
selected devices 120 (FIG. 1). Scene analysis module 242
may combine the sensor information and/or locally analyzed
information from among the selected devices, in order to
determine at least one characteristic of audio scene 130 (or
the environment, in general).

Module 240 may determine the locations of at least some
of'devices 120 (FIG. 1). Module 240 may select one or more
devices 120 (FIG. 1) from among plural devices 120, for
example, based on the location of these devices 120 as well
as any characteristics (such as an event) determined by scene
analysis module 242. Accordingly, as a characteristic is
detected (by scene analysis module 242), module 240 may
adaptively acquire information from selected devices 120
(FIG. 1), in order to better analyze audio scene 130. Module
240 may also configure selected devices 120 (FIG. 1) to
acquire specific information, (for example one device 120
may acquire image data via camera 228 (FIG. 2A) whereas
another sensor may be configured to acquire audio data via
microphone 222 (FIG. 2A). As another example, module
240 may configure multiple devices 120 to acquire audio
data via respective microphones 222 (FIG. 2A), so that the
multiple microphones 222 form a beam forming array.

Referring generally to FIGS. 1, 2A and 2B, system 100
makes use of one or more of enabling and configuring of
devices (via device selection/data acquisition module 240)
for prospective monitoring, access to logged data for retro-
spective analysis, and real-time notification of events (such
as by scene analysis module 242). This adaptation of system
100 may be based on detection of triggering events at the
devices 120, 120'. For example, device 120' may enable
detection of certain acoustic events (e.g., words, spoken
topics, music, and environmental sounds) and may adapt the
configurations on selected devices 120 based on reports
from other devices 120.

Device 120' (and devices 120) may include software for
coordinating the set of devices 120. The software may have
centralized control, peer-to-peer control or a hybrid model
involving centralized, peer-to-peer and other control mecha-
nisms. Individual devices 120, 120' may switch between
being master devices controlling other devices, or slave
devices under the temporary partial control of other devices.
The network of devices 120, 120' may so configure itself to
optimize power consumption on individual devices 120 by
distributing the sensing load across a number of devices 120,
120, or by other mechanisms such as sharing bandwidth
across devices 120, 120'". The networking used may be based
on ideas related to mobile ad hoc networks (MANET),
Scatternet or other mechanisms.

For example, system 100 may dynamically organize and
reorganize its nodes into hierarchies or graphs, with some
devices 120, 120" chosen to be master nodes while other
possibly geographically proximate devices to be slave
nodes. Slave nodes may perform actions based on instruc-
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tions from master nodes. They may preprocess information
and convey processed information to master nodes, instead
of conveying all information acquired, thus distributing
computation among nodes and reducing the communication
bandwidth. In addition, communication requirements may
improve because only a few master nodes may communicate
with each other, instead of all, say N devices trying to
communicate with each other, which would require
(N.sup.2/2) connections.

Because each node knows its location, depending on
system requirements, the network may organize itself into
one or more linear chains or local groups, where information
is passed between physically proximate devices, very much
like a bucket brigade conveying information. With a peer-
to-peer architecture, individual devices 120, 120'—either
just master nodes or both master nodes and slave nodes—
may record information about neighboring nodes and their
capabilities and features, so that, for instance, connectivity
between any pair of nodes can easily and effectively be
established at low computational cost.

Other optimization techniques may also be adopted—for
instance, when data logs are recorded, the system may
determine if several devices are in the same audio or other
sensor context. For example, if several phones 120, 120" are
located in the same context, not every phone 120, 120' has
to record all data—the system 100 may designate a scribe
node which acts as a local repository for data and for
ensuring the data gets stored to some centralized server 140
(or device 120") in the cloud. This may save considerable
logging effort on the part of the other nodes.

Alternatively or in addition, the system 100 may distrib-
ute sensor load among devices 120, 120' so that not every
node has to acquire information via all of its sensors in
sensor module 202. Some sensor modules 202 may concen-
trate on acquiring audio information, while other devices
120, 120" may acquire position information and still other
sensor modules 202 may acquire temperature or altitude
information, and so on. This may reduce power and com-
munication bandwidth requirements for the entire system
100. Several such schemes may be devised to optimize the
throughput and efficiency of the system as a whole. Accord-
ing to an exemplary embodiment, system 100 may also
distribute processing of sensor information among devices
120, 120", so that different individual tasks are performed by
devices 120, 120'. This may reduce the computational bur-
den on some devices 120 (or device 120") which may not
have suitable processing capabilities for a specific task.

The system 100 as a whole may use carrier-agnostic
handlers in the cloud. Specifically, the networking may
utilize services from a number of wireless telephony, Wi-Fi
or other carriers, and suitable policies may be put in place to
enable carrier-agnostic behaviors. Specifically, so that no
user may be denied sharing of information because of
association with specific carriers, and so that digital bridges
exist to share information across carriers where desired. In
a variant, some features may be made unique to a carrier for
marketing reasons.

It is understood that devices 120, 120" do not have to be
phones. Devices 120, 120' may be stand-alone devices, or
may be an integral part of a GPS, hearing aid, mobile phone,
TV remote, car key fob, portable game controller or similar
device. Device 120 (and/or device 120') may be carried by
the user on his person, or be installed in or on a vehicle such
as a car.

For certain applications, devices 120 (and/or device 120")
may be fixed and installed at home, or be part of fixed
telephones, desktop computers, TV sets or game consoles.
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Each device 120 (and/or device 120") may include one or
more sensors with associated software. Different kinds of
devices 120, 120' may include different sensors and/or
different software. If device 120 or device 120' is more like
a smartphone, system 100 may have access to textual data
including electronic mail, chat transcripts and documents,
and audio data including phone conversations, music on the
device or streamed to the device, ambient audio picked up
by microphones, and user search logs. All of this data may
be relevant to the user. This data, along with the user’s
context and environmental variables, may be used for per-
sonalization of information consumed by the user and then
where appropriate repurposed for commercial applications
to the user or the community at large.

Referring to FIG. 3, a flowchart diagram of an exemplary
method for processing information from a plurality of dis-
tributed devices is shown. The steps illustrated in FIG. 3
represent an example embodiment of the present invention.
It is understood that certain steps may be performed in an
order different from what is shown. It is also understood that
certain steps may be eliminated.

At step 300, the location of devices 120 (FIG. 1) may be
determined, for example, by controller 120' based on infor-
mation previously received from devices 120. For example,
controller 120' (FIG. 1) may directly communicate with
devices 120 to determine their locations. As another
example, the location of devices 120 (FIG. 1) may be known
from communication with communication system 150 and/
or sever 140.

At step 302, a subset of devices 120 (FIG. 1) may be
selected, for example by device selection/data acquisition
module 240 (FIG. 2B) of controller 120'. For example,
controller 120' (FIG. 1) may select one or more devices 120
based on a predetermined characteristic of the environment
and the location of devices 120.

At step 304, sensor information and/or locally processed
information may be received by controller 120" (FIG. 1)
from the selected subset, for example, by device selection/
data acquisition module 240 (FIG. 2B). For example, con-
troller 120" (FIG. 1) may receive raw sensor information
from respective sensor modules 202 (FIG. 2A) and/or
locally processed information from respective local data
analysis modules 204 (FIG. 2A). Controller 120' (FIG. 2B)
may also acquire sensor information and/or locally pro-
cessed information from its own sensor module 202 and
local data analysis module 204. The information from at
least one of the devices 120 may be received responsive to
a confirmation indication from the respective device 120, to
indicate an allowance by device 120 to release its respective
information to the controller. For example, the confirmation
indication may be provided manually by a user of the
respective device 120, or may be provided automatically by
the respective device 120, based on the privacy settings of
the device 120.

At step 306, information received from the subset (as well
as, optionally, from controller 120' (FIG. 1)) is combined to
determine a characteristic of the environment, for example,
by scene analysis module 242 (FIG. 2B) of controller 120'.

At step 308, it is determined whether the subset should be
adjusted, for example, by device selection/data acquisition
module 240 (FIG. 2B) of controller 120'. For example, the
subset may be adjusted based on an event detected by a local
data analysis module 204 (FIG. 2A) of one or more devices
120, the characteristic of the environment, any context from
the characteristic, the location of devices 120 (FIG. 1) (e.g.,
position, orientation in space), demographics from the char-
acteristic, any social-graph membership among devices 120,
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etc. For example, if one device 120 (FIG. 1) detects a
gunshot, device 120' may expand the subset of devices 120
to additional devices (to triangulate the location of the
gunshot) and/or to send a warning indication to all devices
120 in range.

If it is determined, at step 308, that the subset should be
adjusted, step 308 proceeds to step 310. At step 310,
selection of the devices in the subset may be adjusted and/or
a configuration of selected devices of the subset may be
adjusted, for example, by device selection/data acquisition
module 240 (FIG. 2B). For example, different devices 120
(FIG. 1) may be switched on or off. As another example,
different sensors of sensor modules 202 (FIG. 2A) may be
configured to acquire sensor information.

If it is determined, at step 308, that the subset should not
be adjusted, step 308 may proceed to step 304, to continually
determine a characteristic of the environment.

Alternately, step 308 may proceed to step 312 (environ-
mental monitoring), step 314 (localization and tracking),
step 316 (topic monitoring), step 318 (triggering events)
and/or step 320 (other monitoring and regulation). The
characteristic of the environment may be used for a number
of different applications, which are described further below.

Referring generally to FIG. 1, in an exemplary embodi-
ment, a platform may be developed to enable users to
develop applications that: harness a set of these devices 120;
acquire signals from devices 120; switch subsets of devices
120 on or off (based on information about context, including
position, orientation in space, social-graph membership, and
demographics); process and analyze information obtained
from sensors of devices 120; set triggers to enable or disable
sensing, processing or analysis; and adapt system 100 to
sensed, processed or analyzed information. The platform
may allow individual devices 120, 120" to be customized and
personalized to users (consumers) to mitigate, amplify or
pass-through acoustic and other information to users based
on acoustic and other information acquired from one or
more devices.

Once such a platform is developed, applications may be
developed for many of the scenarios and use-cases described
herein. The platform may specify minimum hardware
requirements, such as minimal sensor numbers and configu-
ration, minimal onboard computing resources in terms of
hardware and software, and an application programming
interface (API) to allow developers to access all the features
and resources available on the device.

An example platform specification may include: one or
more microphones or a microphone array; one or more
accelerometers typically to cover two or three axes of
motion or orientation; a compass; an on-board GPS system;
zero or more other sensors such as contact or non-contact
temperature sensors; cameras with a minimal required reso-
Iution, with Bluetooth.RTM., Wi-Fi and other capabilities;
software including classifiers to analyze speech, to analyze
media including music, video, and still images; software to
acquire environmental metrics and analyze them in various
contexts such as urban vs. suburban, and residential vs.
industrial; software to preprocess signals acquired to remove
or reduce noise, filter the remaining signals to identify high
value signals and to transmit them to a server 140 in a
compressed form if desired; a database of sound signatures;
and software to handle reactive mechanical tasks in response
to sensor data—all with enough power to provide a realistic
and acceptable user experience.
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2 Example Use Cases

In this section, a number of example use cases are

provided to illustrate how an exemplary system 100 (FIG.
1), described above, may be used in practice.
2.1 Environmental Monitoring A number of uses relate to
monitoring an environment of a set of smartphones. In a
public health monitoring example, the on-board audio pro-
cessor may be configured detect occurrences of coughs,
typically by the owner of the device or by other people in the
proximity of the device. Such detection may use, for
example, statistical spotting techniques (e.g., Hidden
Markov Model (HMM) techniques, Gaussian Mixture
Model (GMM) techniques) trained on a corpus of recordings
of coughs know as a Universal Background Model. Com-
munication of locally aggregated results, for example, a
number of coughs per hour, may be uploaded to the central
server 140 or device 120' on a schedule, or when the rate
deviates from an expected or maximum value. In this way,
the controller 120" (or server 140) may be able to identify
local “hot spots” of coughing.

Other educational and public health uses may be possible
with epidemiological applications of such systems. For
example, pertussis (wWhooping cough) is a highly contagious
disease and one of the leading causes of deaths world-wide
that is preventable with the use of vaccines. Exemplary
system 100 may be used to provide information to parents of
children with coughs or with other symptoms such as
asthmatic symptoms to help them decide when to seck
medical help, and to provide epidemiological data about
pertussis, asthma and related illnesses.

In some scenarios of such monitoring, only a limited
subset of devices may be initially configured to perform the
local processing needed to detect the coughs. However,
when controller 120" determines that there is a possible hot
spot of activity, controller 120" may enable further devices in
the geographic proximity of the hot spot to gain further
information about the extent of the situation. In some
examples, the controller 120' may enable further devices
based on a social proximity, for example, to account for the
possible transmission of an illness to others that are close in
a social sense. In addition to enabling further devices, the
controller 120' may disable devices and control the overall
monitoring set for the task.

In a variant, the system 100 may use sensed information
to alert patients to asthmatic attacks in children, along with
information on the child’s environment at the onset of the
attack, to enable them to ensure that prompt remedial or
palliative action is taken.

In yet another variant, the system may be used to alert
patients of breathing disorders such as sleep apnea. Sleep
apnea is a disorder that is characterized by abnormal low
breathing or abnormal pauses in breathing during sleep,
often accompanied by snoring. Often the snorer is not aware
that they snore or that they could have a life threating
medical issue, and they suffer from fatigue, daytime sleepi-
ness and other symptoms, often for years and years. Diag-
nosis often requires an overnight sleep study in a special lab
set up with sensors. Knowledge about snoring and having a
record of snoring behavior can help in the diagnosis and
remediation of this condition. System 100 may be trained to
recognize snoring, and to distinguish it from other kinds of
similar noises, and help in detecting and recording snoring
behavior to help people with breathing disorders identify
their problems and seek appropriate help.

In another monitoring use case, the devices 120 may be
used to monitor environmental sound levels (e.g., sound
pressure level), for example, for workers in a factory work-
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place. Devices 120 of workers monitor the noise level and
maintain a record, for example, cumulative durations of
various ranges of noise level. This locally-determined infor-
mation may be provided on regular or locally triggered
basis, for example, if the noise level exceeds certain pre-
scribed limits (e.g., an absolute limit, a limit for accumulated
time above a prescribed sound pressure level, etc.). The
controller 120' (or server 140) may query further devices
120 to determine the location of high noise levels, for
example, based on locally logged detailed information that
correlate noise level and location within the workplace.
Also, other characteristics of environmental sound, for
instance, related to the source of the sound may be detected.
For example, a machine type (e.g., whistle, engine, press,
saw, drill etc.) may be discriminated, for instance using
pattern matching techniques (e.g., HMM, GMM tech-
niques).

A similar sound-level monitoring may be used to track
environmental sounds levels, for example, in particular
restaurants, on particular streets, etc. and such monitoring
may also identify time-of-day variation of such levels.
Ornithologists may be interested in the ability to monitor the
presence or absence of bird songs over time and space.
Others might be interested in using sound arrays to monitor
insect infestations. Exemplary system 100 may make it
possible to compare treatment areas with controls to mea-
sure the effectiveness of proposed countermeasures. In some
examples, if the device 120 is not connected to the commu-
nication system 150, information is logged, time stamped
and stored in a non-volatile memory and then uploaded
when the device 120 is once again connected or its memory
is interrogated. This may be typical after an automobile
accident or other fatal or non-fatal incidents.

If a large number of cars on the same highway suddenly
decelerate at the same time, then the network could decide
to issue a warning to cars a few miles behind the obstacle.
In addition, the ability to measure traffic flow using an array
of smartphones (equipped with communication networks
and sensors such as accelerometers and microphones and
GPS/location sensors) has the potential to improve traffic
routing in the short term, and traffic planning in the long
term. Many of the applications envisioned in the present
invention may have both short-term and long-term benefits.
Short-term benefits use networks with low latency (such as
the radio stack), whereas long-term applications can make
use of networks with longer latency (such as uploading
information at the end of the day when the device is docked
in a networked cradle).

In another monitoring use, phones may be enabled to
“name that tune” in the environment, and both provide the
owner to download that song to their device library and
upload the location of the playing to the central controller,
which monitors the aggregated presence of different songs.
Consider a music festival with several stages, where differ-
ent groups are playing. As the user walks around these
stages, a network of systems may be continuously acquiring
audio data, detecting and isolating, for instance, music,
identifying the music and showing users the name of the
piece being played, the album, the artistes playing etc. The
system may provide a mechanism for users to purchase the
music if it is of interest to them. There are stand-alone
programs to identify music being played, but they require a
single device to collect a good sample of music, send it to
a server and then possibly identity the music. In contrast, by
having a network of devices 120 collect data, data acquisi-
tion is more robust and distributed, and users are able to get
their music identified faster.
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Detection of particular music being played in the envi-
ronment of devices may be aggregated to determine mar-
keting related information. By monitoring what people hear
as they go about their lives, the system may acquire con-
siderable information about the media segment. The infor-
mation captured on music played, the artiste/group being
played, the volume of music purchased etc. is very valuable,
especially when pivoted on various dimensions. In addition,
in stores where music is sold, features such as the audio
background and lingering behavior may also be valuable.

These devices may also be used to share information
about what users listen to or see, or to find out what their
friends are seeing or listening to. Currently users have to
take the effort to tweet or post their music-playing or
video-watching behavior. However, a few days of this can
get tedious, and soon users may no longer post information
on their listening or viewing habits. Exemplary devices 120
may automatically identify songs or TV programs, inform
friends in the users’ social graph or create virtual commu-
nities of users with similar listening or viewing interests.
2.2 Localization and Tracking

Some use cases take advantage of the multiple locations
of'the devices 120 to perform localization and/or tracking of
audio sources. In one example, aircraft noise data may be
obtained by having a “jet detector” implemented in the
on-board audio processor of a set of devices 120. Upon
detection of a loud jet noise, which is reported to the
controller 120" (or server 140), other devices 120 in the
proximity of the reporting device(s) 120 are enabled. Buff-
ered time stamped audio and device location data is
uploaded to the controller 120" (or server 140), where a
triangulation approach may be used to determine a track of
the detected audio source. Based on the track, further
devices 120 may be enabled along the project track so that
the audio source may continue to be tracked. If the source is
lost (i.e., doesn’t follow a predicted tract), more devices 120
over a larger area may be enabled to re-acquire the location
of'the audio source. In this way, an overall assessment of the
audio tracks of loud aircraft may be determined based on the
aggregated acquired audio data.

The selected set of devices 120 effectively acts as a
configurable microphone mesh for acquiring audio data. In
other examples, the devices 120 can act as a configurable
accelerometer mesh for acquiring spatially and/or tempo-
rally distributed motion-related data.

Similar tracking information may be used, for example, to
track sirens in a city. Such tracking may be used, for
example, to predict traffic flow in a city that may be affected
by an emergency.

Another type of localization may be used in near real-time
or in an after-the-fact forensic mode. For example, the
devices 120 may be carried by police officers or bystanders
near the scene of a shooting. After detection of a gunshot
event by one or more of the devices 120 (e.g., the officers’
devices), the controller 120' (or server 140) may upload
locally buffered audio from the officers’ devices 120 or other
devices 120 in the environment, and perform a localization
of the source of the shooter’s location. In a near real-time
example, this information may be provided to the police
officers to aid in their police duties. A similar type of
arrangement may be used in a military situation in which
audio is buffered at devices 120 carried by multiple soldiers,
and the combined information may be used to estimate the
direction of a sniper location.

Note that a central server 140 is not necessarily required.
For example, devices 120 may locally exchange information
to perform aggregated analysis, such as localization. In one
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such example, each device 120 may include a detector for an
event of interest (e.g., gunshot), and upon detection of the
event may pass the raw audio or a partially processed
version of the audio (e.g., an intensity time profile) to nearby
devices 120 (e.g., using ad hoc wireless communication),
which perform local assessments of shooter direction based
on the information they obtain.

In yet another scenario, these devices 120 may be used for
adaptive crowd control. In situations with high traffic,
whether vehicular or pedestrian traffic, these devices 120
may be configured as a mobile ad hoc network to estimate
traffic flow from noise, with no requirement for any fixed or
embedded sensors. Using the dynamically acquired traffic
pattern information, the system 100 may broadcast instruc-
tions though the devices 120 or through other means to
direct people through paths of lower traffic density, open up
different gates or paths, or use sonification or acoustic
visualization to alert users to high traffic versus low traffic
paths.

A related idea is to create mobile sound-based security
systems where the system 100 is able to quickly learn about
ambient conditions and sound trends, and use this to signal
situations away from normal conditions.

In another use case, these devices 120 may use sentiment
detection and emotion detection to identify centroids of
trouble in large crowds. A variant of this system 100 can be
used to detect user dissatisfaction in their language, or in
non-speech audio to alert management to, for example, open
more counters in stores.

When users try to meet up with friends in large auditoria
or sports stadia, it is often impossible to use mobile phones
or to hear conversations on phones. The system 100 may use
knowledge of users’ social graphs to indicate the presence of
friends using directional sonic visualization or sonification,
with some variation in tone or volume as users approach
their friends. Using the peer to peer architecture of the
system 100 along with the knowledge in each device 120
about its neighboring devices 120 and their features, the
system 100 can quickly and effectively determine the pos-
sible locations of friends. By utilizing the position informa-
tion, and the orientation information acquired from the
user’s device 120, the system 100 can provide differential
tones, volumes or other signals to indicate whether the user
is moving towards or away from their friends (and whether
they are pointed towards or away from their friends), and
provide an indication about how far away they are. The
precision of this indication may go up with the number of
peer devices 120 contributing information to the system 100.

In another localization use case, a number of devices 120
may be enabled to sense audio, for example, for a group
conference call. The locally acquired audio may be used to
identify the location of the speaker, and to control which
device 120 (or devices 120) are used to generate the audio
for the call. For example, a device 120 closest to the person
speaking, or the device 120 providing the highest signal
quality or intelligibility, may be selected, thereby providing
an improved audio quality.

In another localization use case, devices 120 may be
tracked during a shopping trip, for example, in a grocery
store or at a mall. The track taken by the user with corre-
sponding audio or video information may be used to identify
areas of customer focus and interest, and provide user-
specific information, for example, promotional information
related to purchase opportunities in the vicinity of the device
120.

After-the-fact analysis of a track may be used to correlate
movement with actual purchases made, or to possible inter-
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est in various classes of items. For example, a relatively high
time spent in the vicinity of a product type may indicate an
interest in that product type. Users may be interested in
opting in to having their path tracked in exchange for
receiving promotions.
2.3 Topic Monitoring

In another use example, a device 120 may be enabled to
monitor the owner’s environment as they converse during
the day, and as they listen to media broadcasts. Topic
detection techniques, for instance, based on spotting topic-
related keywords, may be used to assess topics of interest to
the user. During the day, or in a periodic summary, the user
is presented with collateral information related to the topics.
For instance, if the user enters into a conversation about a
particular topic, recent news or background material may be
offered on the device 120. Such topic monitoring may also
be useful to provide other targeted material to the user, for
example, in the form of advertising that is relevant to the
user’s interests.

The configuration of other devices 120 may be adapted
based on what is detected at the user’s device 120. For
example, other devices 120 in geographic or social proxim-
ity to the user’s device 120 may be configured to detect the
presence of similar topics. In this way, the other devices 120
may have a higher likelihood of correctly detecting the
topics. Furthermore, the controller 120" or server 140 may be
able to track the extent of interest in a topic.

Another topic-related monitoring use may be related to a
third party requesting detection of audio signals, such as
audio components of advertising to determine where these
advertisements have been played. For example, an advertiser
may have controller 120" or server 140 configure devices
120 to detect an advertisement, and then determine where
the advertisement has been played and potentially heard.

In a related use case, the system 100 may use information
garnered from the sensors of devices 120 and from other
sources such as electronic program guides (EPG) to identify
what programs users have been listening to or viewing, to
get Nielsen-like viewership statistics or to acquire business
intelligence. Current systems tend to rely on home systems
or manually created diaries, both of which are prone to error.
Using exemplary devices 120 and exemplary system 100
may allow for this monitoring to be done wherever the user
is, and whatever media device they use, and to use infor-
mation from user activity to distinguish active listening or
viewing from, for instance, a TV playing to an empty room.
2.4 Triggering Events

Generally, use cases described above use various trigger-
ing events to begin local logging of audio and/or to initiate
communication with the server 140, device 120" and/or other
nearby devices 120. In addition to audio-based events (e.g.,
specific words, spoken topics, music, sounds, etc.), other
events may trigger monitoring and/or communication. For
instance, content of text communication (e.g., Short Mes-
sage Service (SMS) messages) may initiate monitoring
and/or configure what is to be searched for. Other data, such
as accelerometer data, biometric data, and detection of a
video image (such as change in luminance, etc.) that is
available to the device may also be used in a trigger. For
example, high acceleration may be associated with a vehicle
accident or a fall, and this may initiate audio monitoring or
communication with the server 140 (or device 120'), which
may be able to determine if an accident has occurred based
on the audio scene 130, in which case emergency help may
be summoned.

The system 100 may also be used in the care of the elderly
and the disabled. Currently senior citizens and the disabled
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can purchase a conventional device to signal when they need
help, for example if they fall or feel dizzy. However, these
conventional systems require the user to consciously make
a decision and press a button on the device to ask for help.
The problem is that there may be situations where the user
cannot make the decision, may be too embarrassed to ask for
help, may feel their problem is not critical enough to ask for
help, or may not even be able to access the button to call for
help. For instance when the user has a stroke or if they have
a fall, it may be difficult for an elderly user to press the
button. The system 100 described here may use data fusion
ideas to combine speech and noise detection from one or
more devices 120 along with other accelerometer data to
detect calls for help, or sounds from falls, dropped objects,
etc., distinguish between false alarms and real problems, and
summon help when required as well. System 100 may also
be able to turn on the speaker phone to have a dialog with
the “help” side of the call.

In another form of triggering event, when a device 120 is
removed from the direct acoustic environment, for example,
by being put in a user’s pocket, the change in audio signal
characteristics may trigger a message to the controller 120'
or server 140 to indicate that the device 120 is no longer
available for acquiring audio based on a poor signal-to-noise
ratio (SNR) operating environment. Similarly, when the
device 120 is taken out of the pocket, it may again start
monitoring the environment and/of notify the controller 120'
(or server 140) that it is once again available. In addition,
when the device is no longer obtaining adequate SNR, the
device 120 may be able to enable other devices 120 within
its proximity to acquire the signal and thus improve the
overall SNR. In addition, many devices are now manufac-
tured with multiple microphones (primarily used for beam
forming) as to obtain an improved SNR for the user. As the
user may often carry the device 120 in their pocket or purse,
system 100 may be able to select which microphone in the
device 120 is desirably enabled or what beam forming array
would be best evoked to obtain a maximum SNR.

In some examples, vehicle texting is disabled by the
system 100. By detecting an acceleration signature consis-
tent with being in a moving vehicle and/or by picking up the
type of sounds picked up while driving, the device 120 can
detect road noise, the engine noise, wheel bearing noise,
breaking noise All of these sounds may be used to either
disable or enable the user from utilizing their device 120 for
texting while the car is in motion. The device 120 may query
its proximity and determine if other devices 120 were
present within the body of the automobile. Assuming the
answer were yes, further analysis may be used to provide
limitations on the driver’s device 120 from texting while still
allowing the balance of the individuals to text. Some cars
also disable or limit select navigational controls for safety
reasons when the car is in motion. If the device 120 is able
to detect a front seat passenger, the system may choose not
to limit navigational controls.

In some examples, key word spotting obtained from
in-situ conversations is aggregated from both the sender and
recipient. During the course of normal telephone conversa-
tions, the device 120 may identify specific sounds, words,
etc being uttered by both parties of a conversation. The
system 100 may interrogate these sounds and provide the
user with information either thru a graphical user interface
(GUI), or audio based or text based feedback. As an
example, assuming a call was about a trip to Paris, the device
120 could render information about promotional pricing on
an airline to Paris.
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One or more of these devices 120 may be used to identify
trends in audio and other information acquired by these
devices 120, for example using keyword spotting in audio
streams. Keyword trends may be used to adaptively mediate
or modify information consumed by users. In one scenario,
information sources such as news media, search engines and
similar information outlets may acquire information on
trends from individual users or groups of users, and show
different items to different users based on keyword trending.
Specifically such a system 100 may choose topics users have
been known to prefer.

Trending on non-speech audio may be used to identify
patterns of people flow or vehicular flow. Aggregated logs of
speech and non-speech audio may be used for a number of
diverse applications, including identifying less noisy apart-
ments or houses to rent or buy and areas of hotels or theater
halls that may be better soundproofed. Longer term trending
and identification of trends and periodic variations may be
used for soundproofing or weatherproofing offices and resi-
dences.

2.5 Other Aspects and Uses

The ability to aggregate information over many smart-
phones can be provided with or without the cooperation of
the carriers. It could be done, for example, with a third party
application, which doesn’t need the approval of a particular
carrier and communicates via Wi-Fi or Bluetooth.RTM. In
this way, information can be aggregated across phones
serviced by multiple competing carriers.

In some exemplary embodiments of the system 100, the
system 100 may trigger off key events such as rapid decel-
eration of several cars at the same time and place, sirens,
keywords, etc. The ability to collect vast quantities of data
may improve the triggering capability. Search companies are
providing better search relevancy than ever before, largely
because they are collecting more data than was possible
before, the popularity of modern search engines. But with
the exemplary system 100, it may become possible to collect
even more data. If every phone were collecting audio data
for an hour a day, the aggregate data resource would be
much larger and much more valuable than the data collec-
tions currently collected by even the largest search compa-
nies.

In some exemplary embodiments of the system 100, if a
device 120 in the system 100 may detect certain important
keywords and phrases like “fire,” then the system 100 may
respond appropriately. The importance and urgency of a
term depends both on the consequences of inaction as well
as term weighting concepts that are well known in the field
of Information Retrieval.

Similarly, if a system 100 hears an important term (such
as a keyword like “fire” or a non-word like a cough or an
event picked up on some other sensor of device 120 such as
a rapid deceleration), then the system may turn on numerous
other nearby sensors in the array to confirm the event, to
improve the signal to noise ratio and/or to localize the event
in time and space.

In some uses, trending analysis may use the large amount
of data available through the system 100. Consider the
cough example mentioned above. Aggregations of coughs
over time and space may provide tracking of health over
time and space. The approach is similar some approaches to
prediction of the flu based on queries where they showed
that they could predict flu a couple of weeks faster than the
Centers for Disease Control and Prevention (CDC). But the
proposed cough metric should have even better resolution
over time and space since it is based on a larger quantity of
sensed data.
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Collection of large amounts of sensed data provides a way
to systematically predict (e.g., according to a statistical
model) sequences or sets of sensed events of other infor-
mation. Such prediction may effectively be exploited based
on principles related to Shannon’s Noisy Channel Model,
for example, to improve transmission capacity for such
events. For example, such data can allow one to create a
better “language model” for events, which will do a better
job of predicting what sounds to expect to hear (the prior for
the noisy channel model) as well as sounds that are anony-
mous (triggers that should sound alarms and start recording).

In some examples, workplace monitoring (and monitoring
of the environment) may be enabled by the system 100. The
system 100 may effectively provide “smartdust” on smart-
phones, which is able to monitor workplaces for health
issues by measuring acoustical events like coughs. More-
over, in some uses, the system 100 may sense correlates of
stress such as noise. Some call centers, for example, have
more stress related illnesses because the call volume has
relatively large numbers of unhappy customers. It may be
possible to predict risk of certain types of illnesses well
before symptoms develop, both at work as well as else-
where.

An ad hoc network of devices 120 may be used to
fine-tune a number of features. Consider concert-hall acous-
tics, for instance. Concert halls are typically tuned for the
major uses of their space. For example, a symphony hall
may be tuned especially for a large group of artistes and their
instruments, and may not be as well suited to, for example,
solo vocalists. Sound quality in a hall is also dependent on
the size of the audience, their ambient noise characteristics
etc. The network of system 100 may enable data to be
acquired from a large number of devices 120 in the audience,
so that the hall management can adapt to the ambient noise
levels and fine-tune sound levels for any performance, with
any number of performers and instruments, and with differ-
ent audiences.

The ad hoc network can also be used for monitoring and
regulatory purposes. Sound pressure levels or similar mea-
sures of rock concerts, gym classes and other potentially
noisy environments may be monitored against safe listening
levels, and infractions reported to the appropriate manage-
ment or regulatory agency.

A similar scheme may be used to fine-tune the tempera-
ture in large auditoria, rooms or halls, based on data acquired
from a number of devices 120 and individual sensors in that
space. Large spaces have their own airflow and heating and
cooling patterns, based on placement of air ducts, windows,
doors and other openings. Heating and cooling is typically
based on measuring temperature in one and occasionally
more sensing locations. If the sensor is near a sunny window
or a draft caused by a constantly open door, the temperature
in that space can be unsatisfactory. By measuring tempera-
ture in several locations using a set of devices 120 as
described in this invention, it will be possible to have finer,
more localized control of temperature.

Some exemplary embodiments of the system 100 may
make predictions based on a small sample of “opt ins.” The
system 100 (e.g., “cloud”) may be equipped with appropri-
ate logic to determine how to make appropriate inferences
based on information gathered from those phones 120 that
choose to opt into the system 100. Many of these inferences
are relatively straightforward, though care may need to be
taken to account for the fact that the sample is not a random
sample. The set of people that own a smartphone and choose
to participate will be skewed toward certain demographics,
at least in the near term.
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3 Backup Communication Uses

In some versions of the system, the mesh-like features of
the set of personal devices 120 may be exploited. Cell
phones may be viewed as relatively passive (receive only)
devices, but there are times, such as during an emergency,
where it could be desirable to be able to deploy an active
communication network very quickly as an overlay to more
traditional telephone and internet networks.

During an emergency such as a man-made event like
September 11 or a natural disaster such as a major hurricane,
it is possible that parts of key communication infrastructures
could be down.

There was a time when telecommunication networks were
much more protected than they are these days. The tele-
phone network used to be more reliable than the power grid.
Central offices are typically backed up with batteries and
generators (and submarine doors in places like New Orleans
that are subject to flooding). Plain old telephone service
(POTS) handsets used to be powered from the central office,
so the service could stay up even if the standard power grid
was down.

These days, most handsets sold in popular stores depend
on the power grid. Most phones have lots of features and a
power cord. Some have battery backup, but there is little
incentive to replace the battery. Soon, the battery backup
feature may be a thing of the past because many people
aren’t willing to pay for such features. Engineers like to
design bridges for the hundred years’ flood, but it is hard to
persuade customers to pay for features they probably won’t
use. Given these realities, it is desirable to develop a way to
deploy a backup network just-in-time. Unlike batteries and
generators, which are expensive whether we use them or not,
a backup network based on phones typically won’t cost the
public much if any additional capital, because most of the
equipment is already in place.

Key features of a backup network:

1. Two-way communication: Telephone receivers nor-
mally receive but they can also be used to store and forward
information. Thus for example, if a phone was on a mobile
platform (say in a pocket or in a car), then the phone could
be used in sneakernet mode to store a signal in one place and
repeat it from another place.

2. Damage Assessment (the ability to determine quickly
and easily what is working and what is not): During Sep-
tember 11, there were many outages (e.g., fiber cuts under #7
World Trade Center, cell towers on the rooftops, switches
under both #1 and #2 World Trade Center, police and fire
radio communication in certain places), but some things
were working (e.g., cell towers in New Jersey, BlackBerry™
email, systems based on satellites). A key requirement is to
determine what is working and what is not, and to commu-
nicate workarounds to those that need them. An array of cell
phones in a multitude of pockets and cars could determine
fairly quickly what is working and what is not. Hopefully,
some of these devices may be connected to something that
is working (such as a satellite) or would eventually move out
of the affected area so enough of them could report an
accurate and timely damage assessment picture back to the
cloud. Using this information, both digital and real world
traffic may be adaptively rerouted.

3. Workarounds: Municipal vehicles such as buses have
batteries and generators. Soon, such vehicles may also have
Wi-Fi that is connected to satellites. The cloud could direct
such resources where they are needed most.

An acoustical array, such as what is described herein, may
also be used in damage assessment. For example, the
acoustical array may determine both whether there is too
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much noise (e.g., explosions) as well as too little noise (e.g.,
absence of human activity), aggregated over time and space.
4 Authorization and Privacy

In some exemplary embodiments of the system 100,
privacy considerations may be addressed using one or more
features, which may include the following. First, monitoring
may be enabled on a device 120 only if the user explicitly
“opts in” to permit particular monitoring options. A reason
that a user may accept such monitoring is that he, in return,
obtains information that is valuable to him, for example, by
being provided more relevant search results or other infor-
mation. Another feature relates to encryption of the moni-
tored information. For example, audio may be encrypted in
a manner than prevents interception during uploading and/or
processing by a controller 120' or server 140. Furthermore,
in systems 100 in which multiple central controllers are used
(e.g., one controller 120" or server 140 per cellular telephone
carrier), the user may explicitly permit sharing between or
among controllers.

In some examples, devices 120 may have features that
inhibit collection of audio environment data. Such features
may be mechanical (for example, mechanically preventing
audio pickup with a shutter mechanism) or can be electronic
(for example, with an electronic slider switch on the device).

In some examples, sensors can be selectively turned on or
off both at the edge of the network (in the smartphone), as
well as in the network (in the cloud), as well as elsewhere.
For example, the operator of a movie theatre may have the
ability to turn off speakers that would annoy others in the
movie theatre, and similarly the operator of an airplane
should have the ability to turn off communication features
that could jeopardize the safety of fellow passengers. More-
over, after an incident, such as a plane accident, the authori-
ties should have the ability to probe (via a wired or wireless
interface to the memory of the phone-could be non-volatile)
the smartphones on the plane for information that could be
helpful in the investigation. In other words, the array of
smartphones on the plane could serve as a kind of “black
box” to prevent similar such incidents in the future.

However, privacy is also important in at least some
versions of the system 100. In some exemplary embodi-
ments, the owner of the smartphone should have the ability
to pull the curtain with confidence that the phone is not
invading the user’s privacy, even if the phone has been taken
over by a virus. When the curtain is pulled, the user wants
to be sure that the phone is not recording information that
could be embarrassing or self-incriminating. The phone
should not be recording information that could be subject to
subpoena or a court order such as discovery. The user should
have the ability to opt out in a way that cannot be overridden
by the owner of the network, government authority, or
anyone else (such as a malicious hacker). For example,
privacy may be implemented by a switch, as described
further below.

Feature interaction can be a tricky problem in a commu-
nication network. While it is desirable that many parties
have the ability to turn on and off certain features in certain
ways, as discussed above, it is also important that it be clear
to all parties what happens when different parties issue
commands that may conflict with one another in compli-
cated and unanticipated ways.

In particular, in at least some exemplary embodiments of
the system, the owner of the phone ought to be in charge. In
such embodiments, the owner may have the ability to
physically disconnect the sensors in a way that cannot be
overruled by any other party. One such method may include
a physical switch that would disconnect the sensors in a way
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that the user can verify by visual inspection of the phone.
The physical switch may be operated manually by the user
and cannot be overridden remotely under software control.

In addition to the physical switch, there may also be a
software controlled switch that may empower authorized
parties to turn on and off features such as recording of
sensors, recognizing keywords and uploading appropriate
information to the cloud where inferences can be made that
aggregate over space and time. Policies may eventually be
determined regarding who is allowed to do what, and what
is appropriate and what is not.

5 Other Devices

As introduced above, the exemplary approaches described
above are not limited to smartphones. For example, in-
vehicle systems (e.g., navigation devices), media devices
(e.g., televisions, set-top boxes, desktop computers, laptop
computers), and other fixed or mobile devices may be used
in similar ways. For example, in the case of an in-vehicle
navigation system, an in-vehicle conversation may be moni-
tored and information about a location (e.g., a restaurant)
that is being discussed may be provided on the device’s
display.

Another type of device that may be used in such a system
is an earpiece that provides audio input and output for a
telephone (device). An advantage of monitoring with the
earpiece is that it is exposed to the acoustic environment
even when the associated phone is not exposed to the
environment, for example, when the phone is in a user’s
pocket, thereby providing an improved signal-to-noise ratio
(SNR). Another embodiment may have the entire mobile
communication (cell phone) being integrated into the ear-
piece.

Another type of device 120 that may be used in such a
system 100 is a hearing aid. The hearing aid may allow the
entire feature set thus described in herein to be made
practical. The advantage of'this is data which could be mined
from this age population is thought to be very different for
the generation of users who typically use headphones for
their communication activities.

Use of earpieces as described above can be thought of as
ownership or control of the “last inch,” which is similar to
the ownership of the “last mile,” which has been strategi-
cally important in the telephone business. The same dynamic
underlies the debate over net neutrality. So too, ownership
over the last inch will become strategically important in the
war over eyes and ears.

The web is currently about eyeballs and mouse clicks, but
soon the war will move to a struggle for access to ears as
well as eyes. The hearing aid or earpiece could be viewed as
a chief of staff. It gets to decide what the user hears and what
the user doesn’t hear. The hearing aid could give the wife
preferred access. It could also block spam, and filter out
unwanted commercials. Alternatively, the hearing aid or
earpiece could run an auction similar to a paid search, where
the hearing aid is a market maker that attempts to find an
equilibrium between the need of the user for relevance and
utility to the advertiser.

These auctions typically use a Vickrey auction to encour-
age advertisers to bid their true utility. If the user chooses to
follow up on an ad (with a mouse click), then the advertiser
pays the second highest bid. The hearing aid or earpiece
could work in a similar way though, perhaps, instead of
clicking on an ad, it might be easier for the user to participate
by some other means such as a spoken command.

Although the invention has been described in terms of
systems and methods for processing information from a
plurality of distributed devices, it is contemplated that one or
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more steps and/or components may be implemented in
software for use with microprocessors/general purpose com-
puters (not shown). In this embodiment, one or more of the
functions of the various components and/or steps described
above may be implemented in software that controls a
computer. The software may be embodied in non-transitory
tangible computer readable media (such as, by way of
non-limiting example, a magnetic disk, optical disk, flash
memory, hard drive, etc.) for execution by the computer.
For example, some of the software may include instruc-
tions for execution at the personal devices 120 and device
120'. This software may be stored on a non-transitory
tangible computer readable medium at a central location, for
example, at a server 140 for distribution to the devices 120,
120", may be transferred over a digital communication
medium, and/or stored in a machine readable medium at the
devices 120, 120’ (e.g., as downloaded applications/applets).
Some of the software may be hosted at central servers 140
(e.g., in a distributed “cloud” of processors) and made
accessible by storing it on non-transitory tangible computer-
readable media for execution on processors of the servers
140.
Although the invention is illustrated and described herein
with reference to specific embodiments, the invention is not
intended to be limited to the details shown. Rather, various
modifications may be made in the details within the scope
and range of equivalents of the claims and without departing
from the invention.
I claim:
1. A system comprising:
a device among a plurality of acoustic devices; wherein
the device is configured as a controller, wherein the
controller is configured to perform operations compris-
ing:
selecting a subset of acoustic devices from among the
plurality of acoustic devices for acquiring sensor
acoustic data, wherein the subset of acoustic devices
are configured to interchange device information and
data over a communication link;

receiving a first set of sensor acoustic data from a first
acoustic device of the selected subset of acoustic
devices;

receiving a second set of sensor acoustic data from a
second acoustic device of the selected subset of
acoustic devices; and
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analyzing at least one of the first set of sensor acoustic
data or the second set of sensor acoustic data or a
combination of both to identify if speech is present.

2. The system according to claim 1, wherein the opera-
tions further comprise:

analyzing the speech for a keyword.

3. The system of claim 2, wherein the first set of sensor
acoustic data and the second set of sensor acoustic data are
received based on a triggering event.

4. The system of claim 3, wherein the operations further
comprise:

determining a direction of measurement of at least one

device of the subset of devices.

5. The system of claim 1, wherein the operations further
comprise:

selecting the subset of devices based on geographic

proximity to a user.

6. The system of claim 2, wherein the operations further
comprise:

activating a sensor based upon the keyword.

7. The system of claim 1, wherein the operations further
comprise:

generating an alert signal based upon an analysis of at

least one of the first set of acoustic sensor data or the
second set of acoustic data or a combination of both.

8. The system of claim 1, wherein the operations further
comprise:

analyzing at least one of the first set of acoustic sensor

data or the second set of acoustic sensor data or a
combination of both for animal sounds.

9. The system of claim 1, wherein the operations further
comprise:

determining the locations of each of the selected subset of

acoustic devices.

10. The system of claim 2, wherein the operations further
comprise:

determining which of the selected subset of acoustic

devices is the closest acoustic device to a user that
uttered the keyword.

11. The system of claim 10, where the operations further
comprise:

determining a voice command from the keyword; and

sending the voice command to the closest acoustic device.

#* #* #* #* #*
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PERSONALIZED SOUND MANAGEMENT
AND METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of and claims priority
benefit to U.S. application Ser. No. 17/203,731, filed 16 Mar.
2021, which is a continuation of U.S. application Ser. No.
16/671,689, filed 1 Nov. 2019, which is a continuation of
U.S. application Ser. No. 14/846,994, filed 7 Sep. 2015. U.S.
application Ser. No. 14/846,994 is a continuation of U.S.
application Ser. No. 12/560,097 filed on 15 Sep. 2009 and
claims the benefit of U.S. provisional patent application No.
61/098,914 filed 22 Sep. 2008. The disclosure of the afore-
mentioned applications are all incorporated herein by refer-
ence in their entireties.

FIELD OF THE INVENTION

The invention relates in general to methods of managing
sound, and particularly though not exclusively, is related to
personalized sound management.

BACKGROUND OF THE INVENTION

The world of two hundred years ago is substantially
different than the present day earth. Similarly, the acoustic
environment that surrounds us is also changing. For
example, the sounds of a large city have changed as the
mode of transportation transitioned from walking and horse
and buggy, to cars, subways, and airplanes.

In general, humans are continuously inundated by a
diversity of sounds. Many of the sounds are not critical to
our lives but our brain processes these sounds and tries to
distinguish between them. Background sound levels can also
make it difficult to hear sounds that are important. Too much
acoustic information can cause an auditory overload that can
impact both the health and safety of an individual.

SUMMARY

The invention relates in general to methods and system
for implementing a suite of personalized sound applications
for modifying a user’s acoustic environment and more
particularly, though not exclusively, to facilitating the adop-
tion of the technology, ensuring the technology functions
properly, protecting both the manufacturers and consumer,
and providing user selection and control over the manage-
ment of sound.

At least one exemplary embodiment is directed to a
method of personalized sound management comprising the
steps of’ selecting at least one of a plurality of personalized
sound management applications through a client system
where the user selects the at least one of the plurality of
personalized sound management applications from a web-
site; accepting a subscription contract for using the at least
one of the personalized sound management applications; and
loading the selected at least one of the plurality of applica-
tions from a server system to a device where the device has
at least one microphone, at least one speaker, and a processor
configured to identify sonic signatures where each sonic
signature is identified using a Gaussian mixture model.

At least one exemplary embodiment is directed to a
method of implementing personalized sound management
comprising the steps of: recording sound with a microphone
of'a communication device; analyzing the sound for acoustic
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2

information relevant for personalized sound management
applications; storing a sonic signature in a memory of the
communication device; calculating a sound pressure level of
the sonic signature; and attaching and storing metadata
related to the sonic signature and sound pressure level
including a time stamp and geocode.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the present invention will
become more fully understood from the detailed description
and the accompanying drawings, wherein:

FIG. 1 illustrates a block diagram of the interaction of
personalized sound management in accordance with at least
one exemplary embodiment;

FIG. 2 illustrates a block diagram of a partial list of
applications for personalized sound management in accor-
dance with at least one exemplary embodiment;

FIG. 3 illustrates a block diagram of the interaction of a
personalized management enabled device with other devices
in accordance with at least one exemplary embodiment;

FIG. 4 illustrates a flow chart of a process of providing
personalized sound management in accordance with at least
one exemplary embodiment;

FIG. 5 illustrates a flow chart of an application testing in
accordance with at least one exemplary embodiment;

FIG. 6 illustrates a flow chart of the testing of a personal
sound management device in accordance with at least one
exemplary embodiment;

FIGS. 7a and 7b are diagrams illustrating a consumer
purchase process in accordance with at least one exemplary
embodiment;

FIG. 8 illustrates a flow chart of registering a new device
that includes personalized sound management applications
in accordance with at least one exemplary embodiment;

FIG. 9 illustrates a flow chart of enabling the new device
in accordance with at least one exemplary embodiment;

FIG. 10 illustrates a flow chart of updating a unit or device
in accordance with at least one exemplary embodiment;

FIG. 11 illustrates a diagram of a device for implementing
personalized sound management in accordance with at least
one exemplary embodiment;

FIG. 12 illustrates a block diagram of a device for
implementing personalized sound management in accor-
dance with at least one exemplary embodiment;

FIG. 13 illustrates a diagram of a communication device
or earpiece configured to provide sonic signatures to a sonic
signature database in accordance with at least one exemplary
embodiment; and

FIG. 14 illustrates a block diagram of a cell phone
capturing a sonic signature and providing the sonic signature
to a database of sounds in accordance with at least one
exemplary embodiment.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS OF THE PRESENT
INVENTION

The following description of exemplary embodiment(s) is
merely illustrative in nature and is in no way intended to
limit the invention, its application, or uses.

Processes, techniques, apparatus, and materials as known
by one of ordinary skill in the art may not be discussed in
detail but are intended to be part of the enabling description
where appropriate. For example specific computer code may
not be listed for achieving each of the steps discussed,
however one of ordinary skill would be able, without undo
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experimentation, to write such code given the enabling
disclosure herein. Such code is intended to fall within the
scope of at least one exemplary embodiment.

Additionally, the sizes of structures used in exemplary
embodiments are not limited by any discussion herein (e.g.,
the sizes of structures can be macro (centimeter, meter,
millimeter, micro (micro meter), nanometer size and
smaller).

Notice that similar reference numerals and letters refer to
similar items in the following figures, and thus once an item
is defined in one figure, it may not be discussed or further
defined in the following figures.

In all of the examples illustrated and discussed herein, any
specific values, should be interpreted to be illustrative only
and non-limiting. Thus, other examples of the exemplary
embodiments could have different values.

FIG. 1 is a diagram of personal sound management in
accordance with at least one exemplary embodiment. In our
global community 100, each person is unique. The differ-
ences between individuals can be genetic, cultural, environ-
mental, personal, or physical to name just a few. The
combination of these traits is what makes us unique. One of
the main senses a human relies on is our auditory sense.
Hearing impacts every aspect of our life from communica-
tion to safety. How each individual perceives and uses sound
is also unique.

From an acoustic perspective, sound pressure levels have
been rising steadily. The diversity of sounds is also increas-
ing. The human brain continuously processes the acoustic
information provided by the ears. Both the sound pressure
levels and the sound diversity puts increasing strain on a
person to determine what they need to hear versus what they
are hearing. Ultimately, this “acoustic overload” can mani-
fest itself in physical ailments and health risks such as stress,
sleeplessness, and depression.

A person 102 has an acoustic space 104 from which a
majority of sounds they receive emanate. Some of the
sounds are useful to person 102 and some sounds may have
no use. Acoustic space 104 can be large or small. Acoustic
space 104 will change with time and location. For example,
acoustic space 104 can be a room, a stadium, a forest, an
automobile, a plane, or the ear canal of person 102. Person-
alized sound management (PSM™) 106 is the ability to
modify what is received from acoustic space 104 thereby
tailoring or personalizing the received acoustic information
to meet the needs of person 102.

Devices 108 are a source of acoustic information within
acoustic space 104. In general, device(s) 108 have a speaker,
a microphone, or one or more of both. In general, application
hardware and software 110 is incorporated in, although can
be external also, device(s) 108 to allow personalization of
acoustic space 104. Person 102 selects the applications and
controls device(s) 108 to modify acoustic space 104 to meet
their personal needs and wants. The benefit and utility of
personalizing and managing sound received by person 102
will be disclosed in more detail.

FIG. 2 is a diagram illustrating a partial list of applications
for personalized sound management in accordance with at
least one exemplary embodiment. A user 202 has an acoustic
space 204 that includes both real sounds and potential
sounds. In many cases, acoustic space 204 can be inundated
with a variety of sounds not under control of user 202. This
lack of control over acoustic information and sound within
acoustic space 204 can make for a reduction in quality of
life, loss of efficiency, or more seriously affecting user’s 202
health and safety.
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In at least one exemplary embodiment, a user 202 selects
201 at least one personalized sound management application
from a personalized sound management applications list
206. Although only a partial list, applications such as Safe
Space™ 216, EarGuard™ 218, Quiet Call™ 220, Ear
Sticky™ 230, Hearable™ 222, Always On-Recording™
224, Earbliss™ 226, Hear & Tell™ 232, and Ear Mai™ 228
will be used to illustrate how acoustic space 204 is person-
alized and managed for the benefit of user 202. A more
detailed explanation of personalized sound management
applications 206 will be described.

The selected applications of user 202 are loaded into
ROM 212. An operating system 208 is configured operably
with device 210 and ROM 212. Operating system 208, in
conjunction with personalized sound management applica-
tions 206, provides an interface to the user for personalized
sound management 214 to meet user needs to manage user
acoustic space 202 and for controlling device 210.

ROM 212 can be read only memory such that the selected
applications from personalized sound management list 206
cannot be tampered with or rewritten. However in at least
one exemplary embodiment ROM 212 can also be memory
that can be read and written to so that a user can change
settings. Alternately, ROM 212 can be other types of
memory such as fe-ram, phase change memory, magneto-
resistive memory, hard drive, sram, dram, eprom, eeprom,
and other non-volatile or read only memories where the
selected applications are secure from any type of download-
ing, tampering, or modification through physical or software
protection. Monitoring of ROM 212 and the selected appli-
cations can also be added where notification is sent or device
210 is disabled when an improper action is detected. ROM
212 ensures that an application will operate as disclosed for
user 202.

Components of device 210 can be built in a single unit or
operatively coupled units. For example, multiple devices of
210 can be wired, optically connected, wirelessly connected
or a combination thereof. Operating system 208 can be run
remotely to operate device 210 or reside within device 210.
Similarly, ROM 212 can be located in device 210 or remote
to device 210. In at least one exemplary embodiment,
operating system 208 resides in ROM 212. Device 210
typically has at least one microphone or at least one speaker,
or both. The at least one microphone provides acoustic
information for use in conjunction with personalized sound
management applications. The at least one speaker provides
acoustic information to user 202 and acoustic space 204.
Device 210 has a microprocessor (not shown) for running
applications 206. In at least one exemplary embodiment the
microprocessor is dedicated to running personalized sound
management applications 206.

In general, personalized sound management applications
are customizable point solutions that allow user 202 to
handle a variety of tasks associated with managing acoustic
space 204. The selection of personalized sound management
applications will depend on the person, the device, and the
acoustic space being managed. Non-limiting examples of
devices that can use personalized sound management appli-
cations with the appropriate hardware and operating system,
are earpieces, media devices, and vehicles.

Described hereinbelow are brief overviews of the user
selected personalized sound management applications:

Safe Space™ 216 is an “intelligent hearing” application
that detects and outputs a response based on the identifica-
tion of a recognized sound. The concept of recognizing
sounds is described as Sonic Signature Detection. Safe
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Space™ 216 also includes a user defined hierarchy and can
provide responses based on the hierarchy.

A brief example is provided of how Safe Space™ 216
manages the acoustic space corresponding to the interior of
an automobile. As is well known, automobiles are designed
to have a quiet interior space. Sound insulation is deliber-
ately placed around the car interior to attenuate sounds
coming from the car exterior. Furthermore, automobile
drivers often listen to high volume music while driving. This
combination makes it difficult to hear sounds such as emer-
gency vehicles. People often get seriously injured because
they hear the emergency vehicle when it is in close prox-
imity to the vehicle and panic causing an accident. All
descriptions below describing personalized sound manage-
ment applications assume that the device using the applica-
tion has incorporated within it the hardware and software
required to run the application and perform the application
function.

In this example, Safe Space™ 216 detects emergency
vehicle horns when they are a substantial distance away. In
at least one exemplary embodiment, a microphone is exte-
rior to the car and can pick up sounds in the ambient or car
exterior. Sonic signatures related to emergency vehicles
such as fire trucks, ambulances, and police cars are stored in
the system. Safe Space™ 216 analyses sounds from the
microphone. A response is provided if one of the stored
sonic signatures is detected. In at least one exemplary
embodiment, upon detecting a fire truck siren, Safe Space™
216 can initiate playing the identified signal through the car
stereo system for the car driver to hear and respond to. In at
least one exemplary embodiment, Safe Space™ 216 can
calculate the direction, distance, and street (through GPS) of
the approaching emergency vehicle. The information is then
provided visually or vocally to the driver. For example, the
car stereo automatically turns down the music and states
through the speaker system that an ambulance is coming east
bound on 3.sup.rd Street or an ambulance is approaching
from the right.

EarGuard™ 218 is a personalized sound management
application that improves listening quality and safety. Hear-
ing disorders are increasing at a very high rate. Many people
live in an environment such as a noisy urban environment or
an industrial manufacturing area where sound pressure lev-
els are consistently high. Moreover, people themselves are
subjecting themselves to loud and sustained sounds.
Examples of extreme or sustained sound exposure are por-
table media players using earbuds, sport shooting, and rock
concerts. The trend is a growing population of people that
have or will have hearing problems.

The ear is a very sensitive instrument having a large
dynamic range that allows us to hear sounds ranging from a
whisper to a shout. Subjecting the ear to man-made
cacophony is now known to metabolically exhaust the
highly specialized sensory cells in the inner ear, causing
them to die and be replaced by scar tissue in the hearing
organ. Ear Guard™ 218 is an application that monitors the
sound exposure of the user and protects the ear from
damage.

Briefly, Earguard™ 218 improves listening quality and
safety by employing a personal hearing zone that measures
sound levels within the ear and in one exemplary embodi-
ment an intelligent level control to protect against over
amplification. Earguard™ 218 includes a sound pressure
level (SPL) dose management system. The SPL dose man-
agement system takes into account both transient and long
term sound. In at least one exemplary embodiment, when
sound at the user’s eardrum is above a certain threshold
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known to begin the process of metabolically exhausting the
ear, the metric known as SPL Dose increases. The SPL dose
decreases when sound is below that threshold according to
a recovery function that mirrors the recovery of the ear from
excessive sound exposure. In at least one exemplary
embodiment, Earguard™ 218 will indicate to the user dam-
age to the ear is likely if the sound exposure is continued. In
this scenario, the user has the control to take the appropriate
action to protect his/her ears.

In at least one exemplary embodiment, an intelligent level
adjustment system is a personalized sound management
application that automatically estimates the preferred listen-
ing level of an audio content signal (e.g. speech or music
audio from a device) depending on an analysis of the level,
other acoustic features of the ambient environment, and an
analysis of the audio content signal. Thus, a human-machine
relationship is nurtured with this bi-directional control flow
from human to the intelligent level adjustment system and
from intelligent level adjustment system to the human user.

A substantial benefit of an application such as Earguard™
218 is the protection of the ear from damage. Furthermore,
this safeguard if propagated will prevent hearing loss
thereby reducing the financial burden on the economy in
years to come for the individual, business, and government
for hearing loss remedies. Thus, using Earguard™ 218 could
not only stem the growth in hearing related problems but
greatly reduce it over the years to come.

Quiet Call™ 220 is an application that allows user 202
having heard a voice message to respond to the remote caller
through a non-verbal means. An example of a non-verbal
response is a key-pad entered text message. The entered text
message is converted to a speech audio message and is sent
to the remote caller. The caller then receives the speech
audio message.

An example of the utility of Quiet Call™ 220 is illustrated
when user 202 is in an important business meeting but is
required to provide input to another remote meeting. User
202 receives the voice message sent from someone in the
remote meeting. User 202 responds by entering the response
through his/her phone keypad; the text is converted to voice
and sent to the person at the remote meeting who sent the
original message. User 202 does not have to interrupt the
meeting to listen to the voice message nor to reply. Thus, the
meeting attended by user 202 can move forward with little
or no loss of momentum that would occur if the meeting was
disrupted by the call.

Hearable™ 222 is a speech enhancement application that
improves voice communication. For example, Hearable™
222 can be used with an earpiece device having at least two
microphones, an ambient sound microphone for receiving
sounds in the ambient environment and an ear canal micro-
phone for receiving sounds in the ear canal. A common use
for the earpiece would be with a communication device such
as a cell phone or other phone system. The earpiece using the
Hearable™ 222 application would normally use the ambient
sound microphone for receiving and transmitting the user’s
spoken voice. In this mode, the user’s voice will be natural
sounding and easily recognizable on the receiving end.

In a noisy environment it can be difficult to carry on a
telephone conversation. The ambient sound microphone will
pick up the voice and the noise in the ambient environment.
The earpiece will switch to the ear canal microphone when
the ambient sound microphone detects a high background
noise level. The user’s voice is readily picked up by the ear
canal microphone but the noise in the ambient environment
is substantially reduced. Switching to the ear canal micro-
phone allows the receiving party to clearly hear the user’s
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voice. The problem with using the ear canal microphone is
that user’s voice received in the ear canal sounds different
because of frequency roll off in the upper spectrum of the
voice range. Although the user can be heard clearly, the
user’s voice may not sound right to the receiving end.

Hearable™ 222 is a personalized sound management
application that improves the sound quality of the user’s
voice. Hearable™ 222 uses a combination of the sound
received by the ambient sound microphone and the ear canal
microphone to create a more natural sounding voice. The
combination of the two signals is a function of the back-
ground noise level. Explaining further the signal from the
ambient sound microphone is used less as the background
noise level increases. Hearable™ 222 allows a user to have
a conversation in a noisy environment while providing a
high quality voice signal that is intelligible and recognizable
at the receiving end.

Always On-Recording™ 224 is a personalized sound
application that acts as its name implies. A device using the
Always On-Recording™ 224 application is recording the
most current audio information for user recall. The recording
is stored in a buffer that will allow the user to immediately
access the audio information. The buffer will have a finite
amount of storage. The recording time will be a function of
the buffer or memory available for the Always On-Record-
ing™ 224 application.

Always On-Recording™ 224 provides utility for short
durations of recording. For example, in an application where
a user is receiving information such as a phone number or
driving directions. The user knows that the device employ-
ing Always On-Recording™ 224 has the stored acoustic
information and can immediately listen-again to the buffer
contents thereby repeating the phone number or driving
directions. Similarly, if the user was discussing a contract
term and wanted to know exactly what the person said, the
user could immediately re-listen to make sure that what they
thought they heard is exactly what they heard.

Earbliss™ 226 is a personalized sound management
application to provide acoustic isolation from someone who
snores while allowing other sounds to be heard. A large
percentage of the population suffers though sleepless nights
because of the sounds generated by people with sleep apnea
and more generally due to loud snoring. Moreover, sleep
deprivation can have serious consequences related to health
and disposition.

Earbliss™ 226 is a sleep zone technology that utilizes
sonic signature detection to insulate sleep partners against
intrusion from snoring while still providing awareness of
priority sounds. In this example, a sonic signature is acoustic
information related to the sounds of a person snoring. In at
least one exemplary embodiment, Earbliss™ 226 is an
application that is used in conjunction earpieces.

Sealing the ear canal with ear plugs will attenuate the
snoring but also blocks out all sounds. Hearing is one of the
most vital senses that we have. Under normal conditions we
cannot turn off our hearing which allows us to wake in a
critical situation. Ear plugs will block out sounds of conse-
quence. For example, the user may not hear their baby
crying or a child leaving their room.

Earbliss™ 226 enables a user to attenuate snoring while
hearing other sounds around them. The earpieces fit in the
ear canal of the user to seal or partially seal the ear canal.
The earpieces have an ambient sound microphone for
receiving acoustic information from the ambient environ-
ment and an ear canal receiver for providing sound to the
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user’s ear canal. As mentioned previously, the earpieces will
have a sonic signature related to snorer’s snoring stored in
memory in the device.

The ambient sound microphone picks up all sounds in the
ambient environment including the snorer’s snoring. The
earpiece processes all the acoustic information coming from
the ambient sound microphone and looks for signals similar
to stored sonic signatures. Pattern recognition approaches
are applied based on the known sonic signatures to detect the
snoring sounds from their corresponding sonic signatures.
More specifically, sonic signatures can then be compared to
learned models to identify a corresponding snoring sound.
Once identified the snoring sound is suppressed and not
output to the ear canal by the ear canal receiver. Thus, the
wearer of the earpieces does not hear the snoring.

Conversely, sounds in the ambient environment that are
not recognized through the processing of acoustic informa-
tion by the earpieces can be passed transparently to the ear
canal receiver for reproduction within the ear canal. In this
mode, the sound produced in the ear canal sufficiently
matches the ambient sound outside the ear canal, thereby
providing a “transparency” effect other than the suppressed
sonic signature (snoring). The earpieces can also enhance
sound. For example, the earpieces having sonic signatures
related to a fire truck siren or a baby crying can detect either
signal and then amplify the signal (fire truck siren, baby
crying) so as to make the wearer of the earpieces aware of
the signal’s detection. Thus, Earbliss™ 226 modifies the
acoustic environment of the user to eliminate what does not
need to be heard while allowing the user to be aware of other
sounds in a normal context.

Ear Mail™ 228 is a personalized sound management
application for converting text to voice. In particular, Ear
Mail™ 228 provides great utility to users of email and text
messaging although not limited to these examples. Email
and text messaging is becoming a very popular form of
communication among a large portion of the population. It
is not always convenient or in some cases not prudent to
review written text depending on the situation.

Ear Mail™ 228 converts the text of a message or email to
a speech audio message using a text to speech algorithm.
The converted speech audio message is replayed through a
loudspeaker coupled to a device using the Ear Mail™ 228
application. For example, Ear Mail™ 228 used in a smart
phone coupled to the stereo system of a car through a blue
tooth connection could playback the text or emails through
the car speakers. The user could hear their messages while
driving safely down the road.

Ear Sticky™ 230 is a personalized sound management
application for recording information that can be saved and
used for future use. In at least one exemplary embodiment,
Ear Sticky™ 230 is a mobile communication application
that can be used in a device such as a cell phone or an
earpiece that is operably coupled to other devices. Ear
Sticky™ 230 can record communication through a device or
sounds in the ambient environment. Sounds in the ambient
environment are recorded by an ambient sound microphone.

In a first example of an Ear Sticky™ 230 application, a
conversation between a husband and wife occurs and a list
of'items to pick up at several stores is disclosed. The user of
Ear Sticky™ 230 does not need to write down or remember
this list. The conversation is being recorded and stored in a
buffer. The user activates Ear Sticky™ 230 to store the
recorded conversation to be reviewed at a later time. Thus,
the user of Ear Sticky™ 230 could recall and listen to the list
on the way home to ensure that the right items are picked up
at the appropriate store.
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In a second example of an Ear Sticky™ 230 application,
a device records with an ambient sound microphone. For
example, the user of Ear Sticky™ 230 comes up with a great
concept to solve a problem he or she has been working on
for some time. The user can enable Ear Sticky™ 230 and
uses the ambient sound microphone to record his or her
voice to convey the idea, concept, or thoughts and store it for
review at a later time. In general, Ear Sticky™ 230 provides
utility and convenience in storing and recalling sounds in
one’s acoustic space.

Hear & Tell™ 232 is a personalized sound management
application for recording a sound, training a Gaussian mix-
ture model to learn features of the sound and then storing the
Gaussian mixture model in memory of the device. A user of
Hear & Tell™ 232 can record the sound or provide a sound,
called herein as a sonic signature. The device is operably
coupled to at least one microphone to compare sounds
received from the microphone against the stored sonic
signature. The device can perform an operation that modifies
the user’s acoustic space 204 once a sound is identified as
being similar to a sonic signature. Examples of several
operations the device can perform are passing the detected
signal through to the user, boosting the sound such that the
user is made aware of the detected sound, rejecting the
sound so the user does not hear the detected sound, attenu-
ating the detected sound, and replacing the detected sound
with an alternate sound to name.

The Hear & Tell™ 232 application will store a Gaussian
mixture model (GMM) for every sonic signature that it has
been trained to recognize. Each GMM is completely speci-
fied by a mixture of mean vectors, a mixture of covariance
matrices, and a mixture of weights.

An example of a warning sound (e.g. siren of emergency
vehicle) will be used to further illustrate the Hear & Tell™
232 learning application. Each GMM provides a model for
the distribution of the feature statistics for each warning
sound in a multi-dimensional space. Upon presentation of a
new feature vector, the likelihood of the presence of each
warning sound can be calculated. In at least one exemplary
embodiment, each warning sound’s GMM is evaluated
relative to its anti-model, and a score related to the likeli-
hood of that warning sound is computed in order to deter-
mine if a sound is detected. A threshold can be applied
directly to this score to decide whether the warning sound is
present or absent. Similarly, a sequence of scores can be
relayed and used in a more complex rule set to determine
absence or presence of the sound. Thus, Hear & Tell™ 232
allows a user to store, model, and train a device for sonic
signatures under user control and selection thereby allowing
a user to modify their acoustic space through the detection
of a sound and response by the device.

In general, personalized sound management applications
are customizable point solutions that allow user 202 to
handle a variety of tasks associated with managing acoustic
space 204. The selection of personalized sound management
applications will depend on the person, the device, and the
acoustic space being managed. Examples of devices that can
use personalized sound management applications with the
appropriate hardware and operating system, but not limited
to these examples, are earpieces, media devices, and
vehicles.

As described hereinabove, a suite of personalized sound
management applications 206 are provided. The user 202
can select the desired applications and have control over
their acoustic space 204. The selected applications are stored
in ROM 212. Under user control, user 202 selects the
parameters of personalized sound management applications
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206 using operating system 208 for implementing applica-
tions 206 in device 210 for managing acoustic space 204
based on the individual’s needs and wants.

FIG. 3 is a diagram illustrating a module 300 for imple-
menting personalized sound management in accordance
with at least one exemplary embodiment. Module 300
comprises an H-Chip™ 302, a ROM 304, an operating
system 306, and user selected personalized sound manage-
ment applications 308. In at least one exemplary embodi-
ment, module 300 comprises the H-Chip™ 302 with ROM
304 built into H-Chip™ 302. Both operating system 306 and
user selected personalized sound management applications
308 are stored on ROM 304. Alternately, H-Chip™ 302 and
ROM 304 can be separate chips allowing for a larger block
of memory.

H-Chip™ 302 is a microprocessor, DSP, or logic circuit
that implements personalized sound management applica-
tions 308. H-Chip™ 302 is optimized for low power dissi-
pation while running user selected personalized sound man-
agement applications 308. In at least one exemplary
embodiment, H-Chip™ 302 can be a dedicated engine for
running applications 308.

Module 300 comprises an application engine (firmware)
and a dedicated processor that simplifies the integration of
user selected and user controlled personalized sound man-
agement applications 308 into a device. In an exemplary
embodiment, module 300 is integrated into each device in
devices 314. Devices 314 typically, although not always
have at least one microphone and at least one speaker. User
310 in conjunction with module 300 can personalize how
each device manages sound to the user.

An additional aspect of module 300 is that a third party
manufacturer merely builds the acoustic portion of their
device around module 300. In an exemplary embodiment, a
manufacturer does not and cannot modify operating system
306 and user selected personalized sound management
applications 308. Thus, the manufacturer saves time, effort,
and money through the seamless integration module 300
into a single hardware solution for maximum transportabil-
ity into 3.sup.rd party form factors.

FIG. 4 is a diagram illustrating a process of providing
personalized sound management in accordance with at least
one exemplary embodiment. In general, the technology
related to providing personalized sound management com-
prises hardware components and software. In at least one
exemplary embodiment, the hardware 402 comprises trans-
ducers 404 and H-Chip™ 406.

Transducers 404 are speaker and microphones for respec-
tively providing and receiving sound in an acoustic space.
Depending on the application, the size and form factor of
transducers 404 may be a critical design parameter. Trans-
ducers 404 can be a speaker for providing high fidelity sound
to enhance a user’s experience. Similarly, transducers 404
can be a microphone for receiving acoustic information and
in some cases can pick up sounds inaudible to the user.

H-Chip™ 406 can be a microprocessor, digital signal
processor, logic circuit, or applications specific integrated
circuit for use implementing the software applications listed
hereinabove and other programs related to personalized
sound management. H-Chip™ 406 includes operating sys-
tem 408 specific for managing the device as it relates to
personalized sound management and allows user control to
adjust the parameters of each application for their specific
needs.

Hardware 402 can be integrated into existing devices or
next generation devices for adding utility, providing safety,
and allowing personalization of a user’s acoustic space.
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Providing hardware 402 enables device manufacturers 410
to rapidly integrate the technology into their products. This
will quicken the adoption cycle of the technology for the
benefit of the general public in health and safety, and for the
individual through personalization. Hardware 402 can be a
circuit board to which transducers 404 and H-Chip™ 406
are operatively attached.

Device manufacturers 410 can provide their own hard-
ware 414 or use transducers 404 and H-Chip™ 406. The
operating system and application software is incorporated
412 and stored in read only memory (ROM). In at least one
exemplary embodiment, operating system 408 and the appli-
cation software can be stored in ROM. Using read only
memory for storage prevents device manufacturers 410 or
consumers from tampering with the software code thereby
maintaining the integrity of the system and how it performs
for the user. Note herein when referring to ROM storage, at
least one exemplary embodiment can include RAM or other
read/write storage methods.

People in the consumer product industry have stated that
any new product and even old products in the hands of
consumers may produce liability issues that companies
associated with the product have to deal with. This often
delays an introduction of a product or adds substantial cost
to a product launch. In at least one exemplary embodiment,
device manufacturers 410 provide their product for certifi-
cation 416. In at least one exemplary embodiment, certifi-
cation 416 is performed by an independent company from
device manufacturers 410. Certification 416 is a process
whereby a new product is exhaustively tested to ensure the
device will perform to specification under a variety of
conditions and tolerances. In particular, certification 416
tests the operating system and the device performance in
implementing the applications related to personal sound
management. Should the device not pass certification test-
ing, it can be repaired or redesigned. The repaired or
redesigned device can then undergo certification 416 to
determine if it meets the test specifications.

In at least one exemplary embodiment, an insurance
policy 418 may be provided covering the device manufac-
turers 410 using operating system 408, hardware 402, and
the application software. This provides substantial benefits
in that the device manufacturers 410 can deploy the tech-
nology with less risk. Moreover, each company providing
devices will know that the personalized sound management
system is similar or identical to others in the market. As
mentioned hereinabove, the operating system and applica-
tion software can be stored in ROM ensuring it cannot be
rewritten. Additional measures can be taken to determine if
the software is being used out of context and shutting down
the operation of the device.

Once tested and certified, device manufacturers 410 can
manufacture, market, and sell devices with personalized
sound management 424 and be covered from a liability
perspective under provisions in the insurance policy 418. A
consumer purchases 420 a certified device and may also be
covered under the same insurance policy 418 or may have a
second policy directed to the consumer. Consumer protected
422 under insurance policy 418 and having certification 416
will instill consumer confidence to the quality and reliability
of the device. This will be discussed in greater detail
hereinbelow. Thus, this process is very efficient in creating
manufacturer adoption of the personalized sound manage-
ment technology while protecting both device manufactur-
ers 410 and the consumer.

FIG. 5 is a diagram illustrating application testing in
accordance with at least one exemplary embodiment. Device
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manufacturers 502 develop, prototype, and manufacture
products 506. Products 506 include hardware and operating
system 504 for running and performing Personalized Sound
Management (PSM™) applications 508.

In at least one exemplary embodiment, hardware and
operating system 504 is capable of running all personalized
sound management applications 508. Products 506 may or
may not use all of personalized sound management appli-
cations 508. Similarly, an end user or customer of products
506 may or may not use all of personalized sound manage-
ment applications 508.

Hardware and operating system 504 of products 506 are
loaded with all personalized sound management applica-
tions 508. The hardware and operating system 504 are
exercised in testing 510 to ensure that it can run personalized
sound management applications 508 per specification. Prod-
uct 506 may or may not be tested for all personalized sound
management applications 508 depending on the capability of
the device. Products 506 will be tested 510 for the imple-
mentation of all personalized sound management applica-
tions it is capable of running to meet user specifications for
the product (i.e. product certification 512). In at least one
exemplary embodiment, should a product run only a subset
of personalized sound management applications, the product
can be designed and tested to lock out the running of
applications not specified for the particular product (even
though hardware and operating system 504 can run person-
alized sound management applications 508).

A scale of economy for developing and manufacturing
hardware and operating system 504 is achieved by having a
number of different device manufacturers 502 standardize
on the engine (hardware and operating system 504) for
implementing personalized sound management. Consis-
tency of product, ability to expand scope of product, and
lowering cost through volume manufacturing are all
achieved by this methodology. In the example where liabil-
ity insurance may be purchased by the product certification
company (or other company) testing 510 all personalized
sound management applications 508 in products 506 ensures
that hardware and operating system 504 perform per speci-
fication independent of the product it is placed in. Further-
more, having little or no variation on the operation of
hardware and operating system 504 and personalized sound
management applications 508 minimizes risk. An added
benefit is that a large statistical database of diversified
products is generated that will allow improvements to man-
aging personalized sound management devices to improved
device performance as well as lower liability risk. The
consumer benefits by having a highly exercised and stable
product that improves their health, safety, and quality of life.

FIG. 6 is a diagram illustrating testing of a personalized
sound management product 602 in accordance with at least
one exemplary embodiment. In at least one exemplary
embodiment, testing of all products incorporating personal-
ized sound management applications are tested by a single
entity. Personalized sound management product 602 can be
developed and manufactured by a number of different com-
panies. As previously mentioned, this allows the single
entity, should it so desire to purchase a liability insurance
policy that covers the manufacturers making personalized
sound management product 602 and consumers using per-
sonalized sound management product 602.

Personalized sound management product 602 is tested by
certification laboratory 604. In at least one exemplary
embodiment, certification laboratory 604 is independent
from the different manufacturers that develop personalized
sound management product 602 thereby providing unbiased
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testing. Testing 614 of hardware 606, software 608, and
manufacturing 610 are performed on personalized sound
management product 602. Testing 614 is related to operation
and performance of personalized sound management appli-
cations. Hardware testing includes the processor, transduc-
ers, and other elements, which implement the personalized
sound management of the device. Testing of software 608
includes the operating system and personalized sound man-
agement applications. Testing 614 includes reliability 616
and quality 618 testing. Testing 614 can also include human
testing because in some embodiments, personalized sound
management product may be worn in an orifice of the human
body.

Upon passing testing 614 the personalized sound man-
agement product 602 is certified by certification laboratory
604. A product certified 620 can include some form of
warranty, indemnification, and liability insurance for the
device. Problems or issues with personalized sound man-
agement product 602 are reported to the company should it
fail for any reasons. Corrective action can be taken and the
device retested to determine if the issue has been resolved.

In at least one exemplary embodiment, certification labo-
ratory 604 or its parent company will brand the product by
placing a trademark or company logo on the approved
personalized sound management product 602. The trade-
mark or logo represents the incorporation of its personalized
sound management technology in the product (hardware,
software, and intellectual property) as well as the certifica-
tion indicating the quality and reliability of the device.

FIG. 7a is a diagram illustrating a consumer purchase
process for a personalized sound management product in
accordance with at least one exemplary embodiment. A
consumer reviews a number of different devices such as
earpieces in a display area. The display area allows the
consumer to look, feel, and touch the hardware. The con-
sumer focuses on an earpiece 701 in the display area and
wants to learn more about the device.

A sales person can demonstrate earpiece 701 allowing the
consumer to test the functions and performance of the
device. A demonstration room or test environment can be
used to illustrate performance differentiation when com-
pared to other earpieces. In at least one exemplary embodi-
ment, earpiece 701 is an in-ear device that has a removable
and disposable sealing section. This allows consumer testing
using earpiece 701 while maintaining a sanitary condition by
disposing of the sealing section after each test session.

The consumer indicates to the sales person that he or she
would like to purchase earpiece 701. The sales person
accesses a computer that is coupled to server system for
completing a purchase transaction. The consumer provides
registration information that is entered into a database in a
step 703. The consumer or the sales person can enter the
information into the database. The registration information
705 comprises information such as personal, financial, busi-
ness, and preference. Personal information relates to data
such as age, sex, home address, telephone number, email
address, which identifies the consumer. Financial informa-
tion relates the consumer’s ability to pay such as credit
history, credit card for billing, job information, and banking
institutions. Business information relates to a business pur-
chase of the component. Similar to above, business identi-
fication and business financial information would be entered
with the purchase. Preferences relate to things such as how
the consumer wants to be contacted (email, phone), do they
want to be made aware of upgrades for their device, and
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other products they might have interest in. Other informa-
tion or user experiences could also be collected during the
registration process.

The unit selected by the consumer is then entered into the
system in a step 707. In at least one exemplary embodiment,
the system identifies the unit and provides a listing of the
hardware, software, and subsystems that work with the
earpiece 701. The consumer can look at the options available
in a step 709 and select among these options. In at least one
exemplary embodiment, the selection process can be facili-
tated by topic, occupation, or other characteristics by pro-
viding a list of typical user features applied to earpiece 701.
For example, the consumer is purchasing earpiece 701 for a
multimedia player. Earpiece 701 provides a substantial
improvement in noise attenuation, musical clarity, defini-
tion, and dynamic range. The consumer is interested in the
safety aspect (and selects this topic on the kiosk) provided
by earpiece 701 in alerting the user to an emergency event.
For example, earpiece 701 can detect and make the user
aware of sirens, emergency sounds, alarms, etc. that would
be difficult to hear when listening to music. The consumer by
looking at the “safety” topic can select appropriate applica-
tions software and sonic signatures to alert the user of a
safety situation for their specific device. The consumer can
continue to look through other topics and select hardware
and software that supplements and implements the desired
user experience.

As mentioned previously, the options can be provided in
a step 709 in many different formats. Another format of
providing options is by occupation. For example, a dentist
may be provided a package to outfit the entire office and
patients. The earpieces substantially reduce noise related to
drilling which are both a psychological barrier for dentistry
and a hearing loss mechanism for people working in a
dentist office. The occupation package can provide wireless
communication between devices allowing dentists, assis-
tants, and patients to talk or listen to music even in a noisy
environment. Replaceable in-ear sealing sections would
allow the staff to maintain sanitary conditions with each new
patient. After reviewing the consumer selects the appropriate
hardware and software to personalize their sound space (on
the kiosk or computer) in a step 711.

In at least one exemplary embodiment, the selected appli-
cation software provided to earpiece 701 is a subscription
whereby the consumer pays a monthly fee to use the
applications. Alternately, the selected application software
can be a license or purchase associated with the earpiece 701
whereby a one time fee is paid. The consumer can discuss
the terms of the agreement with the sales person or review
the contract on the computer. If the consumer approves, the
contract is signed or accepted and an initial payment is made
for the hardware and software in a step 713. The consumer
can have the subscription payment automatically billed to a
credit card or other automatic payment methodology to
ensure uninterrupted service.

The purchased earpiece is then connected via a wired or
wireless connection to download the selected software and
enabled in a step 715. A wired connection 717 such as a mini
USB cable is shown in the illustration. Wired connection
717 connects to a server system having the appropriate
software. In at least one exemplary embodiment, the selec-
tions from step 711 can be stored in memory and used to
direct the downloading of software to the device, verify the
software can be used in the device, and that the appropriate
software has been loaded.

FIG. 7b is a diagram illustrating a consumer purchase
process for a personalized sound management product in
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accordance with at least one exemplary embodiment. A
consumer 702 can purchase personalized sound manage-
ment product hardware 704 and personalized sound man-
agement application software 706. Software 706 works with
hardware 704 to personalize and manage sound for con-
sumer 702 for providing utility, safety, and health benefits.

Hardware 704 can range from a complete product such as
a communication device, sound device, or earpiece to ancil-
lary components for enhancing the look of the device or
adding further hardware features. In the event that consumer
702 purchases hardware 704, customer information 708 is
required to continue with purchase. In general, customer
name, address, personal information and financial informa-
tion are typically required to purchase hardware 704. Other
information can also be collected through a questionnaire or
some form of incentive. Should customer information 708
exist and consumer 702 is in good stead then generating
customer information 708 is not required and the order
process continues. Any issue that occurs in checking cus-
tomer information 708 will be brought up for rectification to
consumer 702. The hardware 710 that consumer 702
selected is verified and place order 712 is performed.

Personalized sound management application software 706
is a suite of applications that consumer 702 selects for their
specific needs. Once customer information 708 has been
established, consumer 708 is provided subscription infor-
mation 714. Use of personalized sound management appli-
cation software 706 is based on a periodic fee or subscription
(for example, a monthly fee). Subscription information 714
informs consumer 702 as to the periodic subscription fees
associated with the software 706, terms of use, bundled
packages of applications, and other pertinent information to
complete the decision process. Should consumer 702
approve of the terms, a contract 716 is provided to the
customer to accept or decline. A bill 718 is generated when
an order is placed either through purchasing hardware 710,
accepting a subscription to personalized sound management
application software 706, or both. In at least one exemplary
embodiment, the purchase process is web based allowing
consumer 702 to purchase from a client system via a
communication path such as the internet or communication
network.

FIG. 8 is a diagram illustrating registering a new device
that includes personalized sound management applications
in accordance with at least one exemplary embodiment. A
new device or unit is received by a customer 802. The
manufacturer has loaded the preordered personalized sound
management applications chosen by customer 802 into the
unit. Typically, customer 802 is going to want to try the unit
shortly after receiving it (e.g., the unit is operational for a
predetermined period of time 804, for example 1 week). In
at least one exemplary embodiment, customer 802 can try
the unit for a predetermined time period 804. In general, the
time period 804 (for example, 15-30 minutes) is long enough
for customer 802 to get a feel for the unit but is not a useful
length of time. Furthermore, the unit will notify customer
802 through a transducer on the unit that they must register
the device and that the unit will not be usable after the
predetermined time period. Note that in at least one exem-
plary embodiment the customer would have the opportunity
to demo certain features (806) not purchased.

In at least one exemplary embodiment, a website 810 is a
portal to register the unit purchased by customer 802.
Website 810 can have a web page devoted to registering new
devices to simplify the process. Customer 802 may log in (if
an account already exists) or provide personal information
related to the registering process. A database 812 is accessed
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that includes both customer and order information in one or
more databases. In at least one exemplary embodiment, the
unit is in communication with the device manufacturer
server 814 through website 810 or coupled thereto through
a customer system.

Verification 816 verifies that all information is correct and
that there are no pending issues 818 with a corrective action
identified. The verification process 816 can checks things
like device serial number, features and applications ordered
by customer 802, personal/financial information. Once veri-
fication 816 is complete, it is determined at step 817 whether
to register the device. Step 817 proceeds to step 820 if there
are no pending issues 818. Registration 820 registers the unit
to the owner after verification 816 is complete.

FIG. 9 is a diagram illustrating enabling a device in
accordance with at least one exemplary embodiment. In
general, registration 902 links customer information to a
device as disclosed in FIG. 8. The registration process
includes a comprehensive legally-compliant, state-specific
Informed Consent system for collecting and storing the
Informed Consent of users.

In at least one exemplary embodiment, the device will
have at least one microphone. In the process of registration
902 the customer voice is recorded by the device. The
customer voice can be stored on the device and to the
customer database. The customer voice can be used for a
number of applications including voice verification to use
the device thereby acting as a deterrent for others to use or
steal the device.

As mentioned in FIG. 8 the unit or device can be enabled
for a predetermined time period. Prior to enabling the new
device, a contract 904 is provided for customer review. The
contract outlines the terms of use for using the device and
that the product had been certified through a rigorous testing
process. In at least one exemplary embodiment, liability
coverage may be provided to the customer if the contract is
accepted. Having the liability coverage in conjunction with
the certification process is powerful in building consumer
confidence about personalized sound management.

At step 905, it is determined whether the contract is
accepted. The new device is not enabled 906 if the customer
does not accept contract 904. The new device is enabled 908
if the customer accepts contract 904. In at least one exem-
plary embodiment, the registration and enabling of the unit
is through a client system coupled to the business server.
Thus, the unit is enabled remotely.

FIG. 10 is a diagram illustrating updating a unit or device
in accordance with at least one exemplary embodiment. The
device is enabled for use. In general, instructions or an
operational video may be provided for a user to get
acquainted with the device. Even with this help, a device
may have so many features and applications that the user
could get overwhelmed or frustrated trying to understand
and operate the unit. In some cases, a user may not want
even try to learn how to operate all the features and initially
start out with the application that provides significant utility
to the user. The user may never address learning how to use
all the capabilities of the device. Moreover, misuse of a
device can lead to dangerous operating conditions that could
cause a serious or harmful situation.

Acclimation 1002 is a process to ensure that a user of a
device appreciates the entire feature set but more particu-
larly, enables the features in a way that ensures proper usage
in a safe and structured manner. In at least one exemplary
embodiment, acclimation 1002 comprises two components,
a learning module and a reminder module. The learning
module is a system that “teaches” the user of the device the
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functional components of the device. In at least one exem-
plary embodiment, the learning module may incorporate a
learning system that evaluates the user in the domain of a
particular competency before certain functions or features of
the device are enabled. For example, features of the device
are enabled sequentially, either automatically after the user
has utilized a particular function for a predetermined time
(thereby showing competency in using the feature) or fol-
lowing a user competency evaluation, which can be invoked
either manually (when the user is confident in using the
feature) or automatically.

The reminder module may or may not be used in accli-
mation 1002. The reminder serves to remind the user of the
correct usage of features and also serves to remind the user
of other features on the device which the user may not have
used in a given time period. In at least one exemplary
embodiment an evaluation is invoked based on a predeter-
mined time period. The evaluation may be for a single
function or feature or a combination of different functions.
The predetermined time period before evaluating can vary
depending on the function. Alternatively, the evaluation may
be invoked based on a particular recent event, such as a
software upgrade, or a detected change in user usage. If the
user passes the evaluation, the evaluation may be repeated,
the relevant learning mode for the corresponding function to
which the users competency was evaluated may be repeated,
or the corresponding function to which the users compe-
tency was evaluated may be disabled. Thus, acclimation
1002 allows a user to learn the device at a friendly pace,
ensures that the user does know how to use a feature, and
protects the user from using the device in a manner that
could be harmful.

The device can be coupled 1004 from a client system to
the business server to update software on the device or
purchase new hardware and software. As disclosed herein-
above, the user information is checked to determine if there
are any issues that need to be rectified (e.g. missed payment,
user does not match to device, etc. . . . ). In the event that the
issues cannot be rectified the device is disabled in a step
1006. In at least one exemplary embodiment, the user
information, device, and personalized sound management
applications correlate. The server checks for updates 1008
for the device and downloads updates to the device. The user
goes through a similar process as described in FIGS. 7A-7B
for a hardware or software purchase 1010 including agreeing
to a contract to subscribe and contract to terms of use as
described in FIG. 9.

FIG. 11 is a diagram illustrating a device for implement-
ing personalized sound management in accordance with at
least one exemplary embodiment. The device is generally
indicated as an earpiece that partially seals or seals a user’s
ear canal 1124 and is constructed and operates in accordance
with at least one exemplary embodiment of the invention. As
illustrated, the earpiece comprises an electronic housing unit
1100 and a sealing unit 1108. The earpiece depicts an
electro-acoustical assembly for an in-the-ear acoustic
assembly, as it would typically be placed in an ear canal
1124 of a user 1130. The earpiece can be an in the ear
earpiece, behind the ear earpiece, receiver in the ear, partial-
fit device, or any other suitable earpiece type. The earpiece
can partially or fully occlude ear canal 1124, and is suitable
for use with users having healthy or abnormal auditory
functioning.

The earpiece includes an Ambient Sound Microphone
(ASM) 1120 to capture ambient sound, an Ear Canal
Receiver (ECR) 1114 to deliver audio to an ear canal 1124,
and an Ear Canal Microphone (ECM) 1106 to capture and
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assess a sound exposure level within the ear canal 1124. The
earpiece can partially or fully occlude the ear canal 1124 to
provide various degrees of acoustic isolation. In at least one
exemplary embodiment, the assembly is designed to be
inserted into the user’s ear canal 1124, and to form an
acoustic seal with the walls of the ear canal 1124 at a
location between the entrance to the ear canal 1124 and the
tympanic membrane 1126 (or ear drum). In general, such a
seal is typically achieved by means of a soft and compliant
housing of sealing unit 1108.

Sealing unit 1108 is an acoustic barrier having a first side
corresponding to ear canal 1124 and a second side corre-
sponding to the ambient environment. In at least one exem-
plary embodiment, sealing unit 1108 includes an ear canal
microphone tube 1112 and an ear canal receiver tube 1110.
Sealing unit 1108 creates a closed cavity of approximately 5
cc between the first side of sealing unit 1108 and the
tympanic membrane 1126 in ear canal 1124. As a result of
this sealing, the ECR (speaker) 1114 is able to generate a full
range bass response when reproducing sounds for the user.
This seal also serves to significantly reduce the sound
pressure level at the user’s eardrum 1126 resulting from the
sound field at the entrance to the ear canal 1124. This seal is
also a basis for a sound isolating performance of the electro-
acoustic assembly.

In at least one exemplary embodiment and in broader
context, the second side of sealing unit 1108 corresponds to
the earpiece, electronic housing unit 1100, and ambient
sound microphone 1120 that is exposed to the ambient
environment. Ambient sound microphone 1120 receives
ambient sound from the ambient environment around the
user.

Electronic housing unit 1100 houses system components
such as a microprocessor 1116, memory 1104, battery 1102,
ECM 1106, ASM 1120, ECR 1114, and user interface 1122.
Microprocessor 1116 (or processor 1116) can be a logic
circuit, a digital signal processor, controller, or the like for
performing calculations and operations for the earpiece.
Microprocessor 1116 is operatively coupled to memory
1104, ECM 1106, ASM 1120, ECR 1114, and user interface
1122. A wire 1118 provides an external connection to the
earpiece. Battery 1102 powers the circuits and transducers of
the earpiece. Battery 1102 can be a rechargeable or replace-
able battery.

In at least one exemplary embodiment, electronic housing
unit 1100 is adjacent to sealing unit 1108. Openings in
electronic housing unit 1100 receive ECM tube 1112 and
ECR tube 1110 to respectively couple to ECM 1106 and
ECR 1114. ECR tube 1110 and ECM tube 1112 acoustically
couple signals to and from ear canal 1124. For example,
ECR 1114 outputs an acoustic signal through ECR tube 1110
and into ear canal 1124 where it is received by the tympanic
membrane 1126 of the user of the earpiece. Conversely,
ECM 1106 receives an acoustic signal present in ear canal
1124 though ECM tube 1112. All transducers shown can
receive or transmit audio signals to a processor 1116 that
undertakes audio signal processing and provides a trans-
ceiver for audio via the wired (wire 1118) or a wireless
communication path.

The earpiece can actively monitor a sound pressure level
both inside and outside an ear canal 1124 and enhance
spatial and timbral sound quality while maintaining super-
vision to ensure safe sound reproduction levels. The earpiece
in various embodiments can conduct listening tests, filter
sounds in the environment, monitor warning sounds in the
environment, present notification based on identified warn-
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ing sounds, maintain constant audio content to ambient
sound levels, and filter sound in accordance with a Person-
alized Hearing Level (PHL).

The earpiece can generate an Ear Canal Transfer Function
(ECTF) to model the ear canal 1124 using ECR 1114 and
ECM 1106, as well as an Outer Ear Canal Transfer function
(OETF) using ASM 1120. For instance, the ECR 1114 can
deliver an impulse within the ear canal 1124 and generate the
ECTF via cross correlation of the impulse with the impulse
response of the ear canal 1124. The earpiece can also
determine a sealing profile with the user’s ear to compensate
for any leakage. It also includes a Sound Pressure Level
Dosimeter to estimate sound exposure and recovery times.
This permits the earpiece to safely administer and monitor
sound exposure to the ear.

In at least one exemplary embodiment, the earpiece has a
number of sonic signatures stored in memory. ASM 1120 is
providing acoustic information from the ambient environ-
ment to processor 1116. Processor 1116 analyses the acous-
tic information for a sound similar to the sonic signature.
Once identified, the earpiece will provide a response to the
sound based on the application. In a first exemplary embodi-
ment, the earpiece will reduce music or telephone call (or the
dominant source of sound being provided by the earpiece)
and amplify the identified signal (ambulance or police car)
thereby notifying the user of the approaching vehicle. In a
second exemplary embodiment, the earpiece will tell the
user (through a synthesized voice) that an ambulance or
police car is approaching including the direction of the
vehicle. The earpiece can also provide the identified signal
with the voice warning. Other variations are possible.

Conversely, the earpiece can perform the opposite opera-
tion. The earpiece can identify a signal similar to the sonic
signature and then attenuate it before providing it through
ECR 1114. For example, the user of the earpiece is a gun
enthusiast. The user downloads a sonic signature related to
a gun shot. The earpiece upon identifying the sound of the
gun shot would attenuate the portion of the acoustic infor-
mation provided by ASM 1120 similar to the sonic signature
of the gun shot while allowing other signals to come
through. Thus, the user could engage in a conversation at the
gun range with the gun shot sounds attenuated while passing
the conversation through the earpiece thereby protecting his
ear from the loud sounds in this environment and being able
to hear the conversation with more clarity.

In at least one exemplary embodiment, the earpiece can
manually or automatically record, measure sound pressure
levels, attach metadata (including time stamp and geocode),
and upload the information when a communication path is
present to a sound database. The earpiece is capable of
running personalized sound management software disclosed
herein. Moreover, hardware ingredients such as the trans-
ducers (ECR 1114, ASM 1120, and ECM 1106), processor
1116, and sealing unit 1108 are provided to manufacturers as
disclosed in FIG. 3 for allowing a variety of companies to
manufacture devices of their own earpiece designs. It should
be noted that although an earpiece is used as an example of
a personalized sound management device the components
can be used in other communication devices and sound
devices to personalize control of the sound.

In at least one exemplary embodiment, sealing section
1108 is a replaceable unit. Sealing section 1108 can pull out
and be replaced as a unit. Sealing section 1108 performance
can degrade over time due to particulate build up. There may
also be sanitary or health reasons for replacing sealing
section 1108 periodically. In at least one exemplary embodi-
ment, sealing section 1108 replacement parts can be pro-
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vided as part of a periodic subscription fee to a user,
purchased over the counter in a store, or purchased through
a web environment.

FIG. 12 is a block diagram of a device for implementing
personalized sound management in accordance with at least
one exemplary embodiment. A power supply 1205 powers
components of the earpiece including microprocessor/DSP
1206 (or processor 1206) and a data communication system
1216. As illustrated, the earpiece can include the processor
1206 operatively coupled through a data communication
system 1216 to an ASM 1210, an ECR 1212, and ECM
1208. Data communication system 1216 can include one or
more Analog to Digital Converters and Digital to Analog
Converters (DAC). The processor 1206 can utilize comput-
ing technologies such as a microprocessor, Application
Specific Integrated Chip (ASIC), and/or digital signal pro-
cessor (DSP) with associated Random Access Memory
(RAM) 1202 and Read Only Memory 1204. Other memory
types such as Flash, non-volatile memory, SRAM, DRAM
or other like technologies can be used for storage with
processor 1206. The processor 1206 can also include a clock
to record a time stamp.

In general, a data communication system 1216 is a
communication pathway to components of the earpiece and
components external to the earpiece. The communication
link can be wired or wireless. In at least one exemplary
embodiment, data communication system 1216 is config-
ured to communicate with ECM assembly 1208, ASM
assembly 1210, visual display 1218, and user control inter-
face 1214 of the earpiece. As shown, user control interface
1214 can be wired or wirelessly connected. In at least one
exemplary embodiment, data communication system 1216 is
capable of communication to devices exterior to the earpiece
such as the user’s mobile phone 1232, a second earpiece
1222, and a portable media player 1228. Portable media
player 1228 can be controlled by a manual user control
1230.

The user’s mobile phone includes a mobile phone 1232
communication system 1224. A microprocessor 1226 is
operatively coupled to mobile phone communication system
1224. As illustrated multiple devices can be wirelessly
connected to one another such as an earpiece 1220 worn by
another person to the user’s mobile phone 1232. Similarly,
the user’s mobile phone 1232 can be connected to the data
communication system 1216 of the earpiece as well as the
second earpiece 1222. This connection would allow one or
more people to listen and respond to a call on the user’s
mobile phone 1232 through their respective earpieces.

As illustrated, a data communication system 1216 can
include a voice operated control (VOX) module to provide
voice control to one or more subsystems, such as a voice
recognition system, a voice dictation system, a voice
recorder, or any other voice related processor. The VOX
module can also serve as a switch to indicate to the subsys-
tem a presence of spoken voice and a voice activity level of
the spoken voice. The VOX can be a hardware component
implemented by discrete or analog electronic components or
a software component. In one arrangement, the processor
1206 can provide functionality of the VOX by way of
software, such as program code, assembly language, or
machine language.

ROM 1204 can be used to store personalized sound
management applications to minimize the possibility of
modification and tampering of the code. The RAM 1202 can
also store program instructions for execution on the proces-
sor 1206 as well as captured audio processing data. For
instance, memory RAM 1202 and ROM 1204 can be off-
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chip and external to the processor 1206 and include a data
buffer to temporarily capture the ambient sound and the
internal sound, and a storage memory to save from the data
buffer the recent portion of the history in a compressed
format responsive to a directive by the processor. The data
buffer can be a circular buffer that temporarily stores audio
sound at a current time point to a previous time point. It
should also be noted that the data buffer can in one con-
figuration reside on the processor 1206 to provide high
speed data access. The storage memory can be non-volatile
memory such as SRAM to store captured or compressed
audio data. The non-volatile memory could also be used to
store sonic signatures.

Data communication system 1216 can include an audio
interface operatively coupled to the processor 1206 and the
VOX to receive audio content, for example from portable
media player 1228, cell phone 1232, or any other commu-
nication device, and deliver the audio content to the proces-
sor 1206. The processor 1206 responsive to detecting voice-
operated events from the VOX can adjust the audio content
delivered to the ear canal of the user of the earpiece. For
instance, the processor 1206 (or the VOX of data commu-
nication system 1216) can lower a volume of the audio
content responsive to detecting an event such as a sonic
signature for transmitting the acute sound to the ear canal of
the user. The processor 1206 by way of the ECM 1208 can
also actively monitor the sound exposure level inside the ear
canal and adjust the audio to within a safe and subjectively
optimized listening level range based on voice operating
decisions made by the VOX of data communication system
1216.

The earpiece and data communication system 1216 can
further include a transceiver that can support singly or in
combination any number of wireless access technologies
including without limitation Bluetooth™, Wireless Fidelity
(WiF1), Worldwide Interoperability for Microwave Access
(WiMAX), and/or other short or long range communication
protocols. The transceiver can also provide support for
dynamic downloading and uploading over-the-air to the
earpiece. It should be noted also that next generation access
technologies also can be applied to the present disclosure.

Data communication system 1216 can also include a
location receiver that utilizes common technology such as a
common GPS (Global Positioning System) receiver that can
intercept satellite signals and therefrom determine a location
fix of the earpiece and provide a geocode as an identifier for
a recording or measurement such as sound pressure level.

The power supply 1205 can utilize common power man-
agement technologies such as replaceable batteries, supply
regulation technologies, and charging system technologies
for supplying energy to the components of the earpiece and
to facilitate portable applications. A motor (not shown) can
be a single supply motor driver coupled to the power supply
1205 to improve sensory input via haptic vibration. As an
example, the processor 1206 can direct the motor to vibrate
responsive to an action, such as a detection of a warning
sound or an incoming voice call.

The earpiece can further represent a single operational
device or a family of devices configured in a master-slave
arrangement, for example, a mobile device and an earpiece.
In the latter embodiment, the components of the earpiece can
be reused in different form factors for the master and slave
devices.

FIG. 13 is a diagram of a communication device 1302 or
earpiece 1310 configured to provide sonic signatures to
sonic signature database 1308 in accordance with at least
one exemplary embodiment. Collecting a large number of
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sounds around the world is a daunting task. As mentioned
previously, no group or business entity would have the
ability to acoustically map the world on a continuous basis.
In at least one exemplary embodiment, the collection of
sonic signatures is achieved by mobilizing as many people
as possible by making it simple to capture and provide a
sound for sonic signature database 1308. This is achieved by
adapting a common device having a potential of reaching
billions of people for manually or automatically capturing
sonic signatures and providing them to database 1308.

In at least one exemplary embodiment, communication
device 1302 is a mobile communication device having a
microphone for receiving sound. Examples of a communi-
cation device 1302 are a phone, cell phone, PDA, computer,
two way radio, smart phone, and earpiece. Earpiece 1310
includes a microphone for capturing sound and the circuitry
disclosed in FIG. 12. Earpiece 1310 is operably configured
for recording sound and measuring sound pressure levels.
The acoustic information received from the microphone of
earpiece 1310 is recorded to memory residing in earpiece
1310 and tagged with metadata including a time stamp and
geocode. The sound pressure level (SPL) is measured from
the microphone signal through analog or digital signal
processing typically before any audio processing occurs
within earpiece 1310. The SPL. measurement of this
recorded event is associated to the stored recording and
metadata. Similarly, communication device 1302 is adapted
for capturing sound 1312 including recording, measuring
sound pressure level, storing, and tagging with metadata
(including a time stamp and geocode). In at least one
embodiment, communication device 1302 could have addi-
tional circuitry similar to that in FIG. 12 in the device
specifically for generating a sonic signature database. Alter-
nately, the circuitry within communication device 1302 can
be adapted for recording sound and measuring sound pres-
sure level. In particular, mechanical aspects of the commu-
nication device such as microphone placement, microphone
porting, as well as electronic audio processing (automatic

gain control, equalization, etc. . . . ) is taken into account for
ensuring an accurate sound pressure level measurement and
recording.

In at least one exemplary embodiment, a user having
communication device 1302 manually or automatically cap-
tures and provides a sonic signature to a sonic signature
database 1308. For example, a microphone on communica-
tion device 1302 is always enabled for receiving sound. The
sound can be stored in a buffer. The sound in the buffer is
analyzed and based on a variety of criteria can be configured
to be provided to database 1308. For example, criteria such
as sound pressure level, time, frequency of sound, geo-
graphic location, or recognition of a sound (sonic signature
detection) are but a few of the parameters that could be used
to determine that the sound in the buffer is worthy of saving.
Metadata is automatically attached such as a time stamp and
geocode but the user can also add information. In at least one
exemplary embodiment, a communication path 1304 is
opened and a link is made to website 1306 and more
particularly to database 1308 where the stored sounds can be
automatically uploaded. In at least one exemplary embodi-
ment, the sonic signature, sound pressure level, and meta-
data could be immediately sent if a communication path
1304 is available to save memory. Further communication
between website 1308 and the user of communication device
1302 or earpiece 1310 can take place to edit, identify,
describe, and format the provided sound 1312 at a more
convenient time. It should be noted that video information
that includes audio information can also be provided in

IPR2024-01300 Page 00081



Case 1:23-cv-00801-UNA Document 1-1 Filed 07/25/23 Page 64 of 65 PagelD #: 82

US 11,610,587 B2

23

similar fashion as disclosed hereinabove. The audio infor-
mation from the video can be used for sonic signature
database 1308.

Earpiece 1310 and communication device 1302 can be
operably coupled together. A priority could be set up such
that earpiece 1310 is the primary recorder of sound 1312
when enabled by the user. Earpiece 1310 can be used with
other devices for example a portable media player. Earpiece
1310 can automatically or manually record, measure SPL,
and tag metadata of sound 1312 as described hereinabove.
The sonic signatures stored in earpiece 1310 could be sent
to website 1306 and sonic signature database 1308 if car-
piece 1310 is coupled to a communication path 1304 or
through another device to which it is operably coupled that
has a communication path. Alternately, the sonic signatures
could be uploaded via website 1306 and sonic signature
database 1308 at a more convenient time, for example a
wired or wireless link to the user’s personal computer at
home, allowing the user to also provide additional metadata
before providing the information. Thus, a common device
has been provided that is adapted for capturing, storing,
measuring SPL, adding metadata including a time stamp and
geocode, and uploading the acoustic information to a data-
base thereby including the broadest number of people across
the largest geographic area for sound collection on a con-
tinuous basis.

FIG. 14 is a block diagram illustrating a cell phone 1404
capturing a sonic signature and providing the sonic signature
to a database of sounds 1418 in accordance with at least one
exemplary embodiment. Cell phone 1404 is enabled for
capturing a sonic signature via an exclusive button or
through an automatic process. In at least one exemplary
embodiment, the user can select whether a sound is
recorded, a sound pressure level measurement is recorded,
or both are acquired. A default can be that both are acquired
automatically.

A sound 1402 is received by a microphone on cell phone
1404 and stored in a buffer in a record sounds step 1406. The
sound in the buffer is analyzed and determined to be saved.
The sound pressure level (SPL) of the sonic signature is
measured or calculated in a measure SPL step 1408. The
user can also manually enter metadata 1410 via a keyboard
to a metadata table or can enter vocal description in an
attached audio stream. Metadata 1410 includes a time stamp
and a geocode corresponding to the sonic signature.

In at least one exemplary embodiment, the sonic signa-
ture, sound pressure level, and metadata can be stored in
memory 1412 that resides on cell phone 1404. A queue of
sonic signatures 1414 can be stored in memory 1412 for
uploading at an appropriate time. The user can initiate
uploading of the queue of sonic signatures 1414 to database
of'sounds 1418 when a communication path is completed. In
at least one exemplary embodiment, cell phone 1404 can
automatically connect 1416 to servers in database of sounds
1418 and upload queue of sonic signatures 1414 when a
communication path is enabled. Although stored on database
of sounds 1418, there may be an iterative process to deter-
mine if the sonic signatures are in the correct format or are
unique enough to be permanently stored. Thus, a large
database of sounds 1418 can be collected world wide by an
automatic process using a common device such as a cell
phone that could not be accomplished by direct means. In at
least one exemplary embodiment, the database of sounds
1418 is used in conjunction with personalized sound man-
agement applications configured to provide sonic signatures
for identifying and providing a response to the identified
sound.
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To encourage retailers to actively engage and participate
in selling Hearium Labs branded products, a business model
has been developed based on an annuity revenue sharing
methodology. Through this patent pending approach, for the
first time, retailers, operators and other suppliers will be able
to carry a single audio earpiece or other device in their stores
that can be sold to a wide and deep range of consumers.
Utilizing an “iPod/iTunes” approach, suppliers will earn
profit off the sale of the hardware in store and Personalized
Sound Management applications at and after the point of
sale. As the consumer continues to personalize their earpiece
or device over time, the supplier will earn residuals of up to
50% of the application revenues through a co-operative
sharing program between them and Hearium Labs.

To accomplish this, Hearium Labs has enabled the hard-
ware solution to work off of a webified environment that is
being architected with commercial flexibility for consumer
driven point of sale purchase and activation. This approach
allows for the Personalized Sound Management applications
to be remotely downloaded and activated on the hardware
through any Internet equipped PC and web-based browser.
Consumers will thus be able to “enhance” their devices by
adding both purchased and subscription applications and
personalize their experience with technology designed to
acclimate devices to the wearer and their environment.

In general, a process has been provided that eliminates
barriers for mass adoption of a new technology. The result
is that the technology can be provided by a number of
manufacturers thereby having ubiquitous availability at
release. Universal compatibility is also provided by using
the same hardware and software in each new product having
personalized sound management. Certification ensures that
each device is manufacturable and performs to specification.
Manufacturers and consumers benefit because liability cov-
erage may be provided. Consumers can adapt to the tech-
nology rapidly through an acclimation process.

While the present invention has been described with
reference to exemplary embodiments, it is to be understood
that the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
such modifications and equivalent structures and functions.

We claim:

1. A system comprising:

a user interface; and

an audio device comprising:

a microphone configured to measure ambient sound
and generate a microphone signal;

a speaker configured to emit an audio signal;

a memory configured to store instructions;

an audio buffer configured to store at least a portion of
the microphone signal;

a data buffer;

a processor operatively coupled to the memory, the
processor operatively coupled to the audio buffer, the
processor operatively coupled to the data buffer,
wherein the processor is configured to execute the
instructions to perform operations comprising:
receiving the microphone signal;
sending a portion of the microphone signal to the

audio buffer;
analyzing the audio buffer for detecting a sonic
signature;
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notifying a user when the sonic signature is detected;
sending a modified microphone signal to the data
buffer replacing or adding to previous data stored
in the data buffer; and

sending a portion of the data stored in the data buffer,
spanning a time period, to the speaker in response
to a user request, wherein the user request is one
of the sonic signature that is a voice command or
a manual input from the user interface.

2. The system according to claim 1, wherein the sonic
signature is a voice command, and where the voice com-
mand is to replay audio.

3. The system according to claim 1, wherein the time
period is less than 30 minutes.

4. The system according to claim 1, wherein the time
period is less than 15 minutes.

5. The system according to claim 1, wherein the audio
device is wirelessly connected to an earpiece.

10

15

26

6. The system according to claim 5, wherein the earpiece
includes:

an ambient sound microphone; and

an ear canal receiver.

7. The system according to claim 6, wherein the earpiece
further includes:

an ear canal microphone.

8. The system according to claim 7, wherein the operation
of notifying the user sends a notification signal to the ear
canal receiver.

9. The system according to claim 5 wherein the earpiece
further includes:

a sealing section.

10. The system according to claim 1, wherein the sonic
signature detected is one of a siren or an alarm.

11. The system according to claim 10 wherein the user
interface is a button.

12. The system according to claim 1, wherein the time
period is less than 1 minute.

#* #* #* #* #*
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