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Application Number 17215804

Filing Date 2021-03-29

INFORMATION DISCLOSURE

First Named Inventor | Steven Wayne Goldstein

STATEMENT BY APPLICANT

A Art Unit | 2651
( Not for submission under 37 CFR 1.99)

Examiner Name | Lunsee Lao

Attorney Docket Number | 11472-39-5 CONT2-16247186

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection{s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e){(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ ] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE

A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature {Peter A. Chiabotti/ Date (YYYY-MM-DD) 2023-04-07
Name/Print Peter A. Chiabotti Registration Number )54603

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/aor examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.5.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may he disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
hisfher designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may he disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Doc code: RCEX PTO/SB/30EFS {01-22)

Doc description: Request for Continued Examination (RCE) Approved for use through 05/31/2024. OMB 0851-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application | 12,1500, Filing | b471.03-20 Docket Number | |, 1,75 395 conT2-162471d AT | besn
Number Date (if applicable) Unit

First Named Steven Wayne Goldstein Examiner Lunsee Lao

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. The Instruction Sheet for this form is located at WWW . USPTO.GOV

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment(s).

|:| Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is hot checked.

|:| Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[ ] Other

X Enclosed

[X| Amendment/Reply
g Information Disclosure Statement (IDS)

|:| Affidavit(s)/ Declaration{s)

[] Other

MISCELLANEOUS

|:| Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months
{Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

[] Other

FEES

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
|Z| The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No |500951

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

X Patent Practitioner Signature

Applicant Signature
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Doc code: RCEX

Doc description: Request for Continued Examination (RCE)

PTO/SB/30EFS {01-22)

Approved for use through 05/31/2024. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Signature of Registered U.S. Patent Practitioner

Signature

Peter A. Chiabotti/

Date (YYYY-MM-DD) (R023-04-07 I

Name

Pater A. Chiabotti

Registration Number

603

This collection of information is required by 37 CFR 1.114. The informaticn is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,
P.O. Box 1450, Alexandria, VA 22313-1450.

If vou need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 {(P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be
advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information
solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, tc a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization,
pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application cpen to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Box 1450
3- 1450

uspto.gov

oo

UNITED STATES Mexandriz, VA 2
PATENT AND TRADEMARK OFFICE S e s

ELECTRONIC PAYMENT RECEIPT

APPLICATION # RECEIPT DATE / TIME ATTORNEY DOCKET #

THE15,804 Q4/0F/ 2023 073557 PM EY 11472-38-5 CONT2-16247186

Title of Invention
METHOD AND DEVICE FOR IN BEAR CANAL ECHO BUPPRESSION

Application Information

APPLICATION TYPE  Uility - Nonprovisional Application ey
under 35 USO 114 (a

CONFIRMATION #  &372 FILED BY Yaoshi Hassan
PATENT CENTER # §1RE8322 AUTHORIZED BY  PFatar Chizbott
CUSTOMER # 15(13% FILING DATE  (3/29/2021
CORRESPONDENCE - FIRST NAMED  Stewven Wayne Goldsiain
ADDRESS INVENTOR

Payment Information

PAYMENT METHOD PAYMENT TRANSACTION ID PAYMENT AUTHORIZED BY
B4 7 50085 E202347Jd382237 140 Yoshi Hassan
FEE CODE DESCRIPTION ITEM PRICE($) QUANTITY ITEM TOTAL($)
2801 REQUEST FOR CONTINUED 544 .00 1 544.00
EXAMINATION (ROE) - 187
REQUEST (ZEZ 37 OFR 1.1144)
TOTAL $544.00
AMOQUNT:
This Acknowladgemant Receipt avidences recaipt on the noted date by the USPTO of the indicaled documents, characia

oy tha appheant, and including page counts, whers appiicabia. It serves as avidence of raceint similar o a Post Gard, as
described in MPEP 303,

Mow Applications Under 35 US.C 111

if a new application is baing Hled and the application includes the necessary components for Ring date {ses 37 CFR 1.533(b)-(d)
and MPEP 508}, a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this Acknowledgement
Receipt will astabiish the {iling date of the applicalion
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Page 2 of 2

Natlonal Stage of an internations! Appliostion under 35 U.S.C. 371

¥ atimely submission o entar the nationad stage of an international application is compliant with the conditions of 35 B.8.C.
371 and other applicable requirsments a Form PCT/DO/EG/AANS indicating acceptancs of the application as a national stage
subrmigsion under 35 U.S.C. 371 will be issued in addition o the Filing Recaipt, In dus course.

MNew Infernational App!imi%on Fitod with the USPTO as a Recalving Office

& new international apphication is being Hed and the interalional application includes the necessary components for an
international filing date (ses PCT !\r icle 11 and MPEP 1810), a Notifleation of the infernational Application Number and of the
il be issuad in due course, subject to prascrigtions concarning national secunty,

he
,}
international Filing Dade Form POT/RGMDSE) wi
and the dals shown on this Acknowledgement Recsipt will eslablish the international filing dals of the application.
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TWMBEE0 11U Audio system with simuiated environmental sound effect

/

Applicants: MOBILE DEVICES INC [TW]
inventors: LIt SHANG-JIE [TW],HU SHI-CHANG [TW]

Classifications:
3408 HELRSG;

Priorities: TW107207777U 2018-08-11

Application: TWAQT207777U-2018-08-11

Publication: TWMS88G11U-2018-10-01

Published as: TWRSEGTHU

Audio system with simulated environmantal sound effect
Abstract

No abstract found. Please consult other publications of this patent family in "Available in", if displayed above.

https://worldwide.espacenet.com/patent/search/family/064870986/publication/ TWM568011U?q=pn%3DTWM568011U
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d background soun
The bac koLou

Transmis
xar“lO‘ the user first
ugh the communicati

ta)

downloads

300, or re
ownlo adad or record
g ransmission u

T storage uni

set a,vordlnq to t

N =]

nces

o

K

LI'

7
5o
o o

h

.

o

g
chematic diag f the second

tructure of the 1mu«dTed environmen of

this creation, whl”“ further has a dec unit 15,

connected to the scund effect st = 12 and the sound mixing unit 13,
tput by the z

the backgrcound sound effect ou sound effect storage unit 12 is
decoded, and t d, the scund mixing unit 13 mixes it with the a
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converted by the receiving unit 11 to form the mixed sound.
; the user can » set th Yighe espundlug background sound effect
to different call s through the ccommunication d1“1c3 3 E ,
caller A calls, responding ba &ground scund effect has bee
communication device 300 icle traffic. sound effect, SC
uger communicat cal tlrmudh i
voice system 10 of eation, can hear
I with effect “f the user's voice and
: ﬂorVO\p onding backgrcund '
ice 300 he sound effect
communicates : tler B throuch the
voice system 10 s creation, the oth y
volce and the sound effect of the vegetable market Mixing the mixing audio.
Not only that, in order to itate the user to switch the output
background sound effect at any time, the simulated environmental scund effect
voice system 10 of the present inventicn has a control unit 16, and is
lectrically connected to the sound effect storage unit 12, so that the user
can use this The contrel unit 16 switches the uath und sound effect ocutput
by the scound effect storage unit 16 and has the func T on of dynamically
switching the background sound »?f

e
A

environmental sound
recorded by the sou
with the background ﬂ01“1 effect output by the scund

ce a sound that can make the other party
really in the backgro

ey makes a call,

the mixing

=
3
-
ot
~
ct
Qb
(’T
[©)]
O
G,
o}
_) Q.

SOtQCh system,
elving unit

storage

a he user is 'n th; environment

.

[9)]

ih
i

a voice sy utew with simulated t
receiving unit, scund effect dtoraqe unit, mixing unit and
isgion unit in the earphone microph to replace the known earphone

pchone without the simulated envir onmvnta: sound effect voice system, s0
L1 £ i 1 with the

an TVT 7

sound
the earphone microp!
and the transmission
microphone and the ce cannolt be
iphone mic;ophone ‘an | sed indirectly with the commu

1icatio
as to improve the applicabilit

c¢f this creation.
In su it is only a beitter feasible emboediment of

-
A=

the patent scope of this creation. All
using the instructions and drawings of
included in L“Ls creation. Within the scope, agree with Chen Ming.
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[Translation]
1. Bn analog envirenmental sound effect volce sy
a radic unit, which records the sound ¢f an exte
converts 1t into an audic message;
a sound effect storage unit, whic
ef
a sound mixing unit, which
unit and the sound effect st
sound receiving unit and the g

orage unit to form a mixed sound; and a
ziectrically connected with :
a communication device.
2. The analog ambient \UUFu efféct speech system as described in claim 1,
w%ave-n the sound § £ ; '
mixing unit and tbe
microphone,
3. The analog ambient sound effect speech system as described in claim 1,

ste m, which include:
rmn

scund source and

)

ch stores at least one backcround sound

~g e
ect;

R O,

connected to the sound receiving
the audio converted by t
the sound effect
sicn unit , which is

: the mixed audic to

- oF

m

wherein the sound-receiving unit is arranged in an earphone micr ;hmne, and
the sound-effect storage unit, the mixing unit and the {ransmission un are
arranged in a converter.

4, The simulated ambient sound effect speech iped in item 2 or

vart cf the

I

3 of the patent ayp ication scope, wherein
earphone micropha
5. The naluq ambient sound ffect v ict system as claim 1,

i i electricall to the sound
und sound effect is *nred in the
through the transmission unit in the

ng to any one of the

is
and the sound
effect storage

iz formed by
by the sound

! Dy tne sound

unit.

. The simuiated ambient
)

the claims 1, 2, 2, and L)
a control unit, which is
unit through the control

sound storage uhlt.

8. The analog environmental sound effect voice system as described in item ©
of the scope of the application, further comprising a control unit, which is
electrically connegbed to the sound unit, and is used to
switch the backgrou und cutput storage unit through

the control uni

¢. The analog ambient sound effect cribed in claim 1 cxr b,
wherein the transmission unit is on g transmission unit and

a wireless fLransmission unit.

The si

ulated ambient sound effect voice system as described in item 1 or
R4
5 of the patent a“)ilCathn SCoOpe where the communication device is
My
o

smart phone, a tablel computer, a portable computer, or ktop computer,
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(54) External ear canal voice detection

(57)  Ear-level full duplex audio communication sys-
tems each include one or two ear attachment devices,
such as in-the-ear (ITE) or behind-the-ear (BTE) devic-
es, that wirelessly communicates to a remote device
such as a computer, a personal digital assistant (PDA),
a cellular phone, a walkie talkie, or a language transla-
tor. When used as a hearing aid, such a system allows
a hearing impaired individual to communicate with or
through the remote device, such as to talk to another
person through a cellular phone. When being used as

100

-
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DEVICE

EP 1 519 625 A2

FIG.

an ear piece wirelessly extended from the remote de-
vice, such system allows an individual with normal hear-
ing to privately communicate with or through the remote
device without the need of holding the device or wearing
any device wired to the remote device. Each ear attach-
ment device includes a voice operated exchange
(VOX), housed within the device, to preserve energy
and hence, maximize the period between battery re-
placement or recharges. The VOX also gates various
sounds detected by the system to control possible ech-
oes and ringing.
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Description

[0001] This document generally relates to ear-level
communication systems and particularly, but not by way
of limitation, to such systems communicating with re-
mote devices via full duplex audio.

[0002] Ear-level communication systems are used for
hearing impaired individuals to use a communication
device such as a cellular phone or other devices trans-
mitting audio signals. They also allow private, hand-free
use of such a communication device by individuals with
normal hearing.

[0003] An ear-level communication system generally
includes tethered or wireless headsets with a micro-
phone boom or a microphone within a cord of the head-
set to detect voice of the person wearing the headsets.
An alternative way to detect voice is via bone connec-
tion. Examples include a "clam" shell device that cou-
ples to the helix and a custom carmold with a vibration
detector on the outer shell. Voice is picked up by detect-
ing bone vibration caused by, and representative of, the
voice of the person wearing the device.

[0004] Bi-directional communication has been
achieved by a simplex system including a device in the
ear canal that both transmits sound to and picks up
sound within the ear canal. The device is tethered to a
push-to-talk (PIT) system such as a walkie talkie. It is
not full duplex and therefore requires interaction by the
user in order to switch from listen mode to talk mode.
[0005] Voice operated exchange (VOX) is used to
conserve energy when voice is not being detected or
transmitted. For example, a headset system includes
two ear pieces - for full duplex communication with one
earpiece for transmitting and the other for receiving
voice - and uses ear canal voice detection to trigger a
VOX circuit in a control unit wired to the headset. The
system requires a headset with two headphones and
wires connecting the headphone to a control unit such
as a device clipped on belt. In another example, a full
duplex system includes a single headphone to transmit
and receive voice, again with a VOX circuit in a control
unit wired to the headphone.

[0006] Such ear-level communication systems are
likely to be worn by a person for long periods of time.
Users with hearing loss may use such a system on a
regular basis, both as a conventional hearing aid allow-
ing communication directly with a person and as a hear-
ing aid allowing communicating through another device.
Users with normal hearing may wear such a system to
be communicatively connected to another person or fa-
cility without the need to hold a device at any time. For
appearance or secrecy reasons, minimal visibility is
generally desirable. Wired connection between a head-
set or earpiece and a controller makes the system easily
visible and is cumbersome to users who need to com-
municate white being physically active.

[0007] Thus, there is a need for an ear-level commu-
nication system that is not easily visible. A need related
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to miniaturization is the longevity of the system between
battery replacements or recharges.

[0008] Ear-levelfull duplex audio communication sys-
tems each include one or two ear attachment devices,
such as in-the-ear (ITE) or behind-the-ear (BTE) devic-
es, that wirelessly communicates to a remote device.
Such a system allows a hearing impaired individual to
communicate with or through the remote device, such
as to talk to another person through a cellular phone.
Such a system also functions as an ear piece wirelessly
extended from the remote device that allows an individ-
ual to privately communicate with or through the remote
device without the need of holding the device.

[0009] In one embodiment of the invention, a system
includes an earmold configured for use as an ITE de-
vice. The earmold houses a microphone for use in an
ear canal, a processor, and a wireless transmitter. The
microphone receives an occluded sound from about the
ear canal. The processor processes the occluded
sound. The wireless transmitter receives the processed
occluded sound from the processor and transmits a
wireless signal representing the occluded sound.
[0010] In one embodiment, a system includes an ITE
module and a BTE module attached to the ITE module.
The ITE module includes a microphone for use in an ear
canal. The microphone receives an occluded sound
from about the ear canal. The BTE module includes a
processor and a wireless transmitter. The processor
processes the occluded sound. The wireless transmitter
receives the processed occluded sound from the proc-
essor and transmits a wireless signal representing the
occluded sound.

[0011] In one embodiment, a system includes a first
ear-level device and a second ear-level device for use
in two opposite ears. The first ear-level device includes
amicrophone, a first processor, and a wireless transmit-
ter. The microphone is for use in one ear canal to receive
an occluded sound from about that ear canal. The first
processor converts the occluded sound to an electrical
signal. The wireless transmitter receives the electrical
signal and transmits an outgoing wireless signal repre-
senting the occluded sound. The second ear-level de-
vice includes a wireless receiver, a second processor,
and a speaker. The wireless receiver receives an incom-
ing wireless signal representing a remote sound. The
second processor converts the incoming wireless signal
to the remote sound. The speaker is for use in the op-
posite ear canal to transmit the remote sound to that ear
canal.

[0012] In one embodiment, an occluded sound is de-
tected using a microphone placed in an ear canal. An
incoming radio signal representing a remote sound from
a remote device is also detected. A voice operated ex-
change (VOX) housed within an ear-level communica-
tion device is started when at least one of the occluded
sound and the incoming radio signal is detected if the
VOXis not already on. The ear-level communication de-
vice includes one of an ITE device and a BTE device.
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When the occluded sound is detected while the incom-
ing radio signal is not detected, the occluded sound is
gated on, and remote sound is gated off. When the in-
coming radio signal is detected while the occluded
sound is not detected, the remote sound is gated on,
and the occluded sound is gated off.

[0013] Preferred embodiments of the present inven-
tion will now be described by way of example only and
with reference to the accompanying drawings, in which:

PIG. 1 is an illustration of an embodiment of an ear-
level communication system and portions of an en-
vironment in which it is used. This ear-level commu-
nication system uses a single ear-level device.
FIG. 2 is anillustration of an embodiment of another
ear-level communication system and portions of an
environment in which it is used. This ear-level com-
munication system uses a pair of ear-level devices.
FIG. 3A is an illustration of one exemplary exterior
configuration of an in-the-ear (ITE) device used as
the single ear-level device of FIG. 1 or one of the
pair of ear-level devices of FIG, 2.

FIG. 3B is an illustration of one exemplary exterior
configuration of an in-the-canal (TTC) device used
as the single ear-level device of FIG. 1 or one of the
pair of ear-level devices of FIG. 2.

FIG. 3C is an illustration of one exemplary exterior
configuration of a completely-in-the-canal (CIC) de-
vice used as the single ear-level device of FIG. 1 or
one of the pair of ear-level devices of FIG. 2.

FIG. 4A is a block diagram showing one embodi-
ment of the circuit of ear-level device shown in
FIGS. 3A, 3B, or 3C used as the single ear-level
device of FIG. 1.

FIG. 4B is a block diagram showing one embodi-
ment of portions of a voice operated exchange
(VOX) circuit included in the single car-level device
of FIG. 1.

FIG. 5 is a block diagram showing another embod-
iment of the circuit of ear-level device shown in
FIGS. 3A, 3B, or 3C used as the pair of ear-level
devices of FIG. 1B.

FIG. 6 is an illustration of one exemplary exterior
configuration of an ear-level device including a be-
hind-the-ear (BTE) device used as the single ear-
level device of FIG. 1 or one of the pair of ear-level
devices of FIG. 2.

FIG. 7 is a block diagram showing one embodiment
of the circuit of the ear-level device shown in FIG.
6 used as the single ear-level device of FIG. 1.
FIG. 8 is a block diagram showing another embod-
iment of the circuit of ear-level device shown in FIG.
6 used as the pair of ear-level devices of FIG. 2.
FIG. 9 is a flow chart illustrating an embodiment of
a method for audio communication between the sin-
gle ear-level device or the pair of ear-level devices
and a remote device.

FIG. 10 is a flow chart illustrating another embodi-
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ment of the method for audio communication be-
tween the single ear-level device and a remote de-
vice.

[0014] The following embodiments are described in
sufficient detail to enable those skilled in the art to prac-
tice the invention, and it is to be understood that the em-
bodiments may be combined, or that other embodi-
ments may be utilized and that structural, logical and
electrical changes may be made without departing from
the scope of the present invention, as defined by the
appended claims.

[0015] It should be noted that references to "an",
"one", or "various" embodiments in this disclosure are
not necessarily to the same embodiment, and such ref-
erences contemplate more than one embodiment.
[0016] This documentdiscusses, among other things,
ear-level full duplex audio communication systems for
communicating with remote devices. These systems
each include one or two ear-level devices each worn in
or about an ear, such as in-the-ear (ITE) or behind-the-
ear (BTE) devices, wirelessly coupled to a remote de-
vice such as a computer, a personal digital assistant
(PDA), a cellular phone, a walkie talkie, or a language
translator. When used as a hearing aid, such a system
allows a hearing impaired individual to communicate
with or through the remote device, such as to talk to an-
other person through a cellular phone. When being used
as an ear piece wirelessly extended from the remote de-
vice, such system allows an individual with normal hear-
ing to privately communicate with or through the remote
device without the need of holding the device or wearing
any device wired to the remote device.

[0017] Inthis document, "voice" includes to the sound
of speech made by a person, and sound generally in-
cludes an audible signal that includes voice and other
signals that can be heard and/or detected by an audio
detector. Unless particularly indicated, for example,
when voice is distinguished from sound by speech rec-
ognition, "voice" and "sound" are used interchangeably
throughout thus document because they are not practi-
cally separated. For example, detection of a sound re-
fers to the same action as detection of a voice because,
while the purpose is to detect the voice, other sounds
are picked up as well.

[0018] FIG. 1 is an illustration of an embodiment of an
ear-level communication system 100 and portions of an
environment in which itis used. System 100 includes an
ear-level device 110 attached to an ear 101A. Bar-level
device 110 communicates with a remote device 190
through a wireless telemetry link 195. The other ear
101B is free of device attachment. Ear-level device 110
is a self-contained device including its own power
source such as a replaceable or rechargeable battery.
To maximize battery life or period between recharges,
at least a portion of the circuit of ear-level device 110 is
voice activated. That s, ear-level device 110 is activated
only when it detects a need to transmit or receive a
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sound.

[0019] Ear-level device 110 is a full duplex audio de-
vice that allows two-way simultaneous conversation be-
tween ear 101A and remote device 190. In one embod-
iment, when being worn by a person having ear 101A,
ear-level device 110 picks up sound from the ear canal
of ear 101A and delivers sound to the same ear canal.
It detects the occluded sound from the ear canal when
the person speaks and transmits to the same ear canal
a sound received from remote device 190 and/or a
sound picked up from the environment surrounding the
person. In one embodiment, as illustrated in FIG. 1, ear-
level device 110 is configured for right ear attachment.
In an alternative embodiment, ear-level device 110 is
configured for left ear attachment.

[0020] FIG. 2is an illustration of an embodiment of an
ear-level communication system 200 and portions of an
environment in which it is used. System 200 includes a
pair of ear-level devices 210A, attached to an ear 101
A, and 210B, attached to ear 101B. Ear-level devices
210A and 210B communicate with a remote device 290
through a wireless telemetry link 295. Ear-level devices
210A and 210B are each a self-contained device includ-
ing its own power source such as a replaceable or re-
chargeable battery. To maximize battery life or period
between recharges, at least a portion of the circuit of
each of ear-level devices 210A and 210B is voice acti-
vated. That is, ear-level devices 210A and 210B are
each activated only when a need to transmit or receive
a sound is detected by the device itself.

[0021] In one embodiment, ear-level device 210A is
an audio transmitter that picks up sound from the ear
canal of ear 101A, and ear-level device 210B is an audio
receiver that delivers sound to the same ear canal. Ear-
level device 210A is activated when it detects a sound
from the ear canal. Ear-level device 210B is activated
when it detects a signal from remote device 290. When
both are being worn by a person, ear-level devices 210A
and 210B supports full duplex audio allowing two-way
simultaneous conversation between the person and re-
mote device 290. In one embodiment, as illustrated in
FIG. 2, ear-level device 210A is configured for right ear
attachment, and ear-level device 210B is configured for
left ear attachment. In an alternative embodiment, ear-
level device 210A is configured for left ear attachment,
and ear-level device 210B is configured for right ear at-
tachment.

[0022] FIGS. 3A, 3B, and 3C are illustrations of ex-
emplary exterior configuration of ear-level device 110 or
one of ear-level devices 210A and 210B. For the pur-
pose of this document, only a device attached to a right
ear is shown for each exemplary exterior configuration.
It is to be understood that each of ear-level devices 110,
210A, and 210B can be either a device configured for
right ear attachment or a device configured for left ear
attachment. Generally, a device configured for right car
attachment has an exterior configuration that is substan-
tially symmetrical to that of a device of the same type
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configured for left ear attachment. In system 100, a sin-
gle ear-level device 110 is a device configured either for
right ear attachment or for left ear attachment. In system
200, either one of car-level device 210A and 210B is a
device configured for right ear attachment, while the oth-
er is a device configured for left ear attachment.
[0023] An occluded sound 305, an ambient sound
306, and a remote sound 307 are illustrated in each of
FIGS. 3A, 3B, and 3C. Remote sound 307 is represent-
ed by a wireless radio signal transmitted to ear-level de-
vice 110. In this document, "occluded sound"” includes
occluded sound 305, "ambient sound" includes ambient
sound 306, and "remote sound” includes remote sound
307.

[0024] FIG. 3Ais an illustration of an exemplary exte-
rior configuration of an in-the-ear (ITE) device 310A
used as ear-level device 110 or one of ear-level devices
210A and 210B. As shown in FIG. 3A, ITE device 310A
is attached to an ear 101 with a pinna 302 and an ear
canal 303. ITE device 310A includes a portion inserted
into ear canal 303 and another portion fit into the cavity
formed by pinna 302.

[0025] FIG. 3B is an illustration of an exemplary exte-
rior configuration of an in-the-canal (ITC) device 310B
used as ear-level device 110 or one of ear-level devices
210A and 210B. As shown in FIG. 3B, ITC device 310B
is attached to ear 101 with pinna 302 and ear canal 303.
ITC device 310B is a form of ITE device that also in-
cludes a portion inserted in ear canal 303 and another
portion fit into the cavity formed by pinna 302, but the
latter portion is smaller than that of ITE device 310A. Its
overall size is therefore generally smaller than that of
ITE deviee 310A.

[0026] FIG. 3C is an illustration of an exemplary ex-
terior configuration of a completely-in-the-canal (CIC)
device 310C used as ear-level device 110 or one of ear-
level devices 210A and 210B. As shown in FIG. 3C, CIC
device 310C is attached to ear 101 with pinna 302 and
ear canal 303. CIC device 310C is a form of ITC device
but includes only a portion that is completed inserted
into ear canal 303. Its overall size is therefore generally
smaller than that of ITC device 310B.

[0027] In one embodiment, each of ITE device 310A,
ITC device 310B, and CIC device 310C includes a cus-
tom earmold. In another embodiment, each of ITE de-
vice 310A, ITC device 310B, and CIC device 310C in-
cludes a modular earmold. In one embodiment, the ear-
mold is fully occluded to maximize audio efficiency. In
another embodiment, the earmold is vented to remove
undesirable low frequency sound.

[0028] The choice of a device type, such as from the
types shown in FIGS. 3A, 3B, and 3C, depends on the
need of individual users. For example, ITE device 310A
has a relatively large size to accommodate a relatively
large amplifier to serve the need of individuals suffering
severe hearing loss. The relatively large size can also
be utilized to house a relatively large size battery. On
the other hand, CIC device 310C is almost invisible,
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while the room for the circuit and the battery is very lim-
ited. Generally, the selection of the device type is a com-
promise among considerations such as the user's de-
gree of hearing loss (if applicable), ear canal size, desire
of invisibility, desired longevity between battery replace-
ments or recharges, and cost.

[0029] FIG. 4A is a block diagram showing one em-
bodiment of the circuit of ear-level device shown in
FIGS. 3A, 3B, or 3C used as the single ear-level device
110. The circuit is housed in an earmold configured for
use as one of the device types illustrated as ear-level
devices 310A, 310B, or 310C.

[0030] Ear-level device 110 includes an external mi-
crophone 420, an ear canal microphone 440, an car ca-
nal speaker 470, a processor 460, a wireless transceiver
450, an antenna 455, a voice operated exchange (VOX)
circuit 430, and a battery 480. External microphone 420
picks up ambient sound such that a hearing impaired
person wearing ear-level device 110 is not "isolated"
when communicating to remote device 190. Thus, ear-
level device enables the hearing impaired person to talk
to another person either directly (if the other person is
nearby) or through a device such as a cell phone. Ear
canal microphone 440 detects sound from the ear canal.
The sound includes primarily speech of the person
wearing ear-level device 110. Ear canal speaker 470
transmits sound received from remote device 190 and/
or external microphone 420 to the same ear canal. In
one embodiment, ear canal microphone 440 and ear ca-
nal speaker 470 are implemented as one physical de-
vice. Processor 460 converts the sound picked up from
the ear canal to an electrical signal to be transmitted to
remote device 190, and converts the signals received
from remote device 190 and/or external microphone 420
to a sound audible to the person wearing ear-level de-
vice 110. In one embodiment, processor 460 includes
one or more of amplification circuitry, filtering circuitry,
acoustic feedback reduction circuitry, noise reduction
circuitry, and tone control circuitry, among other circuits
performing signal processing functions as known in the
art In one embodiment, processor 460 includes a
speech recognition module to enhance the audio signal
received by and/or transmitted from ear-level device
110. Wireless transceiver 450 and antenna 455 form a
telemetry interface supporting telemetry link 195 be-
tween ear-level device 110 and remote device 190.
Wireless transceiver 450 includes a wireless transmitter
and a wireless receiver. The wireless transmitter re-
ceives the electrical signal representing the sound
picked up from the ear canal from processor 460 and
transmits an outgoing wireless signal representing the
same sound to remote device 190. The wireless receiv-
er receives an incoming wireless signal representing a
remote sound from remote device 190 and transmits an
electrical signal representing the remote sound to proc-
essor 460. Telemetry link 195 provides for bi-directional
communication allowing simultaneous signal transmis-
sion, in both directions, between ear-level device 110
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and remote device 190. VOX circuit 430 activates a ma-
jor portion of ear-level device 110 only when sound is
detected by at least one of external microphone 420,
ear canal microphone 440, end wireless transceiver
450. In one embodiment, VOX circuit 430 includes a
voice-controlled switch connecting between battery 480
and the portions of ear-level device 110 that are voice
activated. The switch is driven by the sound detected by
at least one of external microphone 420, ear canal mi-
crophone 440, and wireless transceiver 450. It is turned
on when sound detected by external microphone 420
exceeds a predetermined threshold, when sound de-
tected by ear canal microphone 440 exceeds another
predetermined threshold, and/or when wireless trans-
ceiver 450 receives the incoming wireless signal repre-
senting the remote sound. In one embodiment, as dis-
cussed with respect to FIG. 4B below, VOX circuit 430
gates or attenuates one or more sounds detected by ex-
ternal microphone 420, ear canal microphone 440, and
wireless transceiver 450, to eliminate or reduce echo
and ringing caused by the loop formed by ear canal
speaker 470 and ear canal microphone 440. Battery 480
supplies the power needed for the operation of ear-level
device 110. In one embodiment, battery 480 is a re-
chargeable battery that can be recharged without being
taken out from ear-level device 110.

[0031] FIG. 4B is a block diagram showing one em-
bodiment of portions of VOX circuit 430. In this embod-
iment, VOX circuit 430 includes an ambient sound gat-
ing module 421 that blanks or attenuates the sound de-
tected by external microphone 420, an occluded sound
gating module 441 that blanks or attenuates the sound
detected by ear canal microphone 440, a remote sound
gating module 451 that blanks or attenuates the sound
detected by wireless transceiver 450, and controller 431
to coordinate the states of the gating modules. Because
ear canal microphone 440 is capable of detecting the
sound delivered to the ear canal from ear canal speaker
470, there is a need to avoid echo and/or ringing. For
example, a remote sound from remote device 190 de-
livered to the ear canal may be detected as an occluded
sound and transmitted back to remote device 190, caus-
ing echo. The gating modules function in a coordinated
manner to eliminate or reduce such echo and/or ringing
caused by breaking, or applying resistance into, the au-
dio loop formed by ear canal speaker 470 and ear canal
microphone 440.

[0032] Forthe purpose of description, each of the gat-
ing modules is "on" when sound is "gated on" and "off'
when the sound is"gated off' A sound is "gated
on" when it is allowed to pass and be processed, and
is "gated off' when it is blanked or substantially attenu-
ated. Blanking refers to a substantially complete block-
age of a sound, or in other words, that a detected sound
is practically ignored by processor 460 such that it does
not cause any echo or ringing that is audible by an ear.
Substantial attenuation refers to an attenuation after
which the attenuated sound does not cause any echo
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or tinging having an intolerable intensity.

[0033] Ambient sound gating module 421 includes a
voice-driven switch or attenuator driven by the output of
a comparator that compares the amplitude of a detected
ambient sound with a predetermined threshold for the
ambient sound. When the amplitude of the detected am-
bient sound exceeds the threshold for the ambient
sound, and when controller 431 permits, ambient sound
gating module 421 is turned on. When the amplitude of
the detected ambient sound drops below the threshold
for the ambient sound, ambient sound gating module
421 is turned off. In one embodiment, after the amplitude
of the detected ambient sound drops below the thresh-
old for the ambient sound, ambient sound gating module
421 is turned off after a predetermined delay.

[0034] Occluded sound gating module 441 includes a
voice-driven switch or attenuator driven by the output of
a comparator that compares the amplitude of a detected
occluded sound with a predetermined threshold for the
occluded sound. When the amplitude of the detected oc-
cluded sound exceeds the threshold for the occluded
sound, and when controller 431 permits, occluded
sound gating module 441 is turned on. When the ampli-
tude of the detected occluded sound drops below the
threshold for the occluded sound, occluded sound gat-
ing module 441 is turned off. In one embodiment, after
the amplitude of the detected occluded sound drops be-
low the threshold for the occluded sound, occluded
sound gating module 441 is turned off after a predeter-
mined delay.

[0035] Inoneembodiment, remote sound gating mod-
ule 451 includes a voice-driven switch or attenuator driv-
en by the output of a comparator that compares the am-
plitude of a remote sound with a predetermined thresh-
old for the remote sound. When the amplitude of the de-
tected remote sound exceeds the threshold for the re-
mote sound, and when controller 431 permits, remote
sound gating module 451 is turned on. When the ampli-
tude of the detected remote sound drops below the
threshold for the remote sound, remote sound gating
module 451 is turned off. In one embodiment, after the
amplitude of the detected remote sound drops below the
threshold for the remote sound, remote sound gating
module 451 is turned off after a predetermined delay.
[0036] In another embodiment, remote sound gating
module 451 includes a switch or attenuator driven by
the detection of the incoming wireless signal represent-
ing the remote sound. Remote sound gating module 451
is turned on upon detection of the incoming wireless sig-
nal when controller 431 permits, and turned off when the
incoming wireless signal is no longer detected. In one
embodiment, remote sound gating module 451 is turned
off after the incoming wireless signal is absent for a pre-
determined period.

[0037] Controller 431 coordinates the on/off states of
all the gating modules so the sounds are processed in
an orderly fashion. Even if a sound is detected, the gat-
ing module corresponding to that sound is turned on on-
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ly when controller 431 permits. In one embodiment, as-
suming that sounds A and B are gated by gating mod-
ules A and B, respectively, if both sounds A and B are
detected, whichever sound is detected earlier is gated
on. That is, if sound A exceeds its threshold first, gating
module A is turned on and remain on until sound A drops
below threshold A. Then, gating module B is turned only
if sound B exceeds its threshold after gating module A
has been turn off.

[0038] Inone embodiment, controller 431 coordinates
the on/off states of all the gating modules according to
predetermined or programmed gating coordination
rules. According to one exemplary rule, ambient sound
gating module 421 is off, occluded sound gating module
441 is off, and remote sound gating module 451 is on.
This rule allows only the transmission of the remote
sound to ear canal 303, and prevents the remote sound
from being detected by ear canal microphone 440 and
echoed back to remote device 190. According to anoth-
er exemplary rule, ambient sound gating module 421 is
on, occluded sound gating module 441 is off, and re-
mote sound gating module 451 is on. This rule allows
the transmission of both the remote sound and the am-
bient sound to ear canal 303, and prevents the remote
sound from being detected by ear canal microphone 440
and echoed back to remote device 190. This also pre-
vents the ambient sound from being transmitted to re-
mote device 190. According to yet another exemplary
rule, ambient sound gating module 421 is off, occluded
sound gating module 441 is on, and remote sound gat-
ing module 451 is off. When the person wearing ear-
level device 110 speaks, both external microphone 420
and ear canal microphone 440 detect the voice. The
voice as detected by ear-level device 110 is first trans-
mitted to remote device 190. Without the gating modules
(or when ambient sound gating module 421 and occlud-
ed sound gating module 441 are both on), the same
voice as detected by external microphone 420 is trans-
mitted to ear canal 303, and therefore again detected
by ear canal microphone 440, and again be transmitted
to remote device 190. This rule allows only the trans-
mission of the occluded sound to remote device 190,
and prevents the same sound from being transmitted to
remote device 190 twice. Other rules are applied as a
person skilled in the art should see fit based on an un-
derstanding after reading this entire document.

[0039] FIG. 5 is a block diagram showing another em-
bodiment of the circuit of ear-level device shown in
FIGS. 3A, 3B, or 3C used as each of ear-level devices
210A and 210B. The circuit of each of ear-level devices
210A and 210B is housed in an earmold configured for
use as of one of the device types illustrated as ear-level
devices 310A, 310B, or 310C.

[0040] Ear-level device 210A is an audio transmitter
thatincludes an ear canal microphone 540, a processor
560A, a wireless transmitter 550A, an antenna 555A, a
transmitter VOX circuit 530A, and a battery 580A. Ear
canal microphone 540 detects sound from the ear canal.
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The sound includes primarily speech of the person
wearing ear-level device 210A. Processor 560A con-
verts the sound picked up from the ear canal to an elec-
trical signal to be transmitted to remote device 290. In
one embodiment, processor 560A includes one or more
of amplification circuitry, filtering circuitry, acoustic feed-
back reduction circuitry, noise reduction circuitry, and
tone control circuitry, among other circuits performing
signal processing functions as known in the art. In one
embodiment, processor 560A includes a speech recog-
nition module used to enhance the sound transmitted
from ear-level device 210A. Wireless transmitter 550A
and antenna 555A form a telemetry interface supporting
signal transmission from ear-level device 210A to re-
mote device 290. Wireless transmitter 550A receives
the electrical signal representing the sound picked up
from the ear canal from processor 560A and transmits
an outgoing wireless signal representing the same
sound to remote device 290. VOX circuit 530A activates
a major portion of ear-level device 210A only when
sound is detected by ear canal microphone 540. In one
embodiment, VOX circuit 530A includes a voice-control-
led switch connecting between battery 580A and the
portions of ear-level device 210A that are voice activat-
ed. The switch is driven by the sound detected by ear
canal microphone 540. It is turned on when sound de-
tected by ear canal microphone 540 exceeds a prede-
termined threshold. In one embodiment, VOX circuit
530A activates processor 560A when the sound is de-
tected. In one further embodiment, VOX circuit 530A al-
so activates wireless transmitter 550A when the sound
is detected. Battery 580A supplies the power needed for
the operation of ear-level device 210A. In one embodi-
ment, battery 580A is a rechargeable battery that can
be recharged without being taken out from ear-level de-
vice 210A.

[0041] Ear-level device 210B is an audio receiver that
includes an external microphone 520, an ear canal
speaker 570, a processor 560B, a wireless receiver
550B, an antenna 555B, a receiver VOX circuit 530B,
and a battery 580B. External microphone 520 picks up
ambient sound such that the person wearing ear-level
devices 210A and 210B is not "isolated" when commu-
nicating to remote device 290. It allows that person to
talk to a nearby person directly, without the need to take
off ear-level devices 210A and/or 210B. Bar canal
speaker 570 transmits sound received from remote de-
vice 290 and/or external microphone 520 to the same
ear canal. Processor 560B converts the signals re-
ceived from remote device 290 and/or external micro-
phone 520 to a sound audible to the person wearing ear-
level device 210B. In one embodiment, processor 560B
includes one or more of amplification circuitry, filtering
circuitry, acoustic feedback reduction circuitry, noise re-
duction circuitry, and tone control circuitry, among other
circuits performing signal processing functions as
known in the art. In one embodiment, processor 560B
includes a speech recognition module used to enhance
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the audio signals received by ear-level device 210B.
Wireless receiver 550B and antenna 555B form a telem-
etry interface supporting signal transmission from re-
mote device 290 to ear-level device 210B. Wireless re-
ceiver 550B receives an incoming wireless signal rep-
resenting a remote sound from remote device 290 and
transmits an electrical signal representing the remote
sound to processor 560B. VOX circuit 530B activates a
major portion of ear-level device 110 only when sound
is detected by at least one of external microphone 520
and wireless receiver 550B. In one embodiment, VOX
circuit 530B includes a voice-controlled switch connect-
ing between battery 580B and the portions of ear-level
device 210B that are voice activated. The switch is driv-
en by the sound detected by at least one of external mi-
crophone 520 and wireless receiver 550B. It is turned
on when sound detected by external microphone 520
exceeds a predetermined threshold and/or when wire-
less transceiver 550B receives the incoming wireless
signal representing the remote sound. In one embodi-
ment, VOX circuit 530B activates processor 560B when
the sound is detected. In one further embodiment, VOX
circuit 530B also activates ear-level speaker 570 when
the sound is detected. Battery 580B supplies the power
needed for the operation of ear-level device 210B. In
one embodiment, battery 580B is a rechargeable bat-
tery that can be recharged without being taken out from
ear-level device 210B.

[0042] System 200 accommodates a larger overall
circuit size without necessarily increasing the size of
each ITE device. While two separate ear-level devices
are required, because system 200 includes separate
audio transmitter (ear-level device 210A) and receiver
(ear-level device 210B) disposed in the ear canals of
opposite ears, ear canal speaker 570 and ear canal mi-
crophone 540 do not form a loop causing echo and ring-
ing.

[0043] FIG.6isan illustration of an exemplary exterior
configuration of an ear-level device including a behind-
the-ear (BTE) device 610 used as ear-level device 110
or one of ear-level devices 210A and 210B. BTE device
610 is attached to ear 101 with pinna 302 and ear canal
303. In one embodiment, BTE device 610 is used when
none of ITE device 310A, PTC device 310B, and CIC
device 310C provides sufficient space accommodating
the required circuit and battery sizes. For the purpose
of this document, only a device attached to a right ear
is shown for each exterior structure. It is to be under-
stood that each of ear-level devices 110, 210A, and
210B can be either a BTE device configured for right ear
attachment or a BTE device configured for left ear at-
tachment. Generally, a BTE device configured for right
ear attachment has a substantially symmetrical appear-
ance to a device of the same type configured for left ear
attachment In system 100, ear-level device 110 is a de-
vice configured either for right ear attachment or for left
ear attachment. In system 200, either one of ear-level
device 210A and 210B is a device structured for right
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ear attachment, while the other is a device structured
for left ear attachment.

[0044] BTE device 610 includes a behind-the-ear-
module (BTE module) 611 and an in-the-ear module
(ITE module) 612. ITE module 612 includes a custom
or modular earmold. In one embodiment, the earmold is
fully occluded to maximize audio efficiency. In another
embodiment, the earmold is vented to remove undesir-
able low frequency sound.

[0045] FIG. 7 is a block diagram showing one embod-
iment of the circuit of ear-level device shown in FIG. 6
used as ear-level device 110. The exterior configuration
of ear-level device 110 is of the type illustrated as BTE
device 610.

[0046] Ear-leveldevice 110 configured as BTE device
610 differs from ear-level device 110 configured as ITE/
ITC/CIC devices 310A/310B/310C primarily in the phys-
ical arrangement of device components. By way of ex-
ample, but not by way of limitation, FIG. 7 illustrates one
embodiment in which BTE module 611 includes external
microphone 420, processor 460, wireless transceiver
450, antenna 455, VOX circuit 430, and battery 480, and
ITE module 612 includes ear canal microphone 440 and
ear canal speaker 470. Other possible embodiments de-
pend on size and other considerations that are known
to those skilled in the art. In one embodiment, behind-
ear portion 611 includes only battery 480 to maximize
the duration of use of ear-level device 110 between bat-
tery replacements or recharges.

[0047] FIG. 8 is a block diagram showing another em-
bodiment of the circuit of ear-level device shown in FIG.
6 used as each of ear-level devices 210A and 210B. The
exterior configuration of each of ear-level devices 210A
and 210B is of the type illustrated as BTE device 610.
[0048] Ear-level devices 210A/210B configured as
BTE device 610 differ from ear-level devices 210A/210B
configured as ITE/ITC/CIC devices 310A/310B/310C
primarily in the physical arrangement of device compo-
nents. By way of example, but not by way of limitation,
FIG. 8 illustrates one embodiment of ear-level device
210A including a BTE module 611A and an ITE module
612A, and ear-level device 210B including a BTE mod-
ule 611B and an ITE module 612B. BTE module 611A
includes processor 560A, wireless transmitter 550A, an-
tenna 555A, transmitter VOX circuit 530A, and battery
580A. ITE module 612A includes ear canal microphone
540. Behind-the-ear portion 611B includes external mi-
crophone 520, processor 560B, wireless receiver 5508,
antenna 555B, receiver VOX circuit 530B, and battery
580B. ITE module 612B includes ear canal speaker 570.
Other possible embodiments depend on size and other
considerations that are known to those skilled in the art.
In one embodiment, BTE modules 611A and 611B in-
clude only batteries 580A and 580B, respectively, to
maximize the duration of use of ear-level devices 210A
and 210B, respectively, between battery replacements
or recharges.

[0049] FIG. 9 is a flow chart illustrating an embodi-
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ment of a method for audio communication using sys-
tem 100 or system 200. The method provides for private,
simultaneous two-way communication between a per-
son and a remote device such as a computer, a personal
digital assistant (PDA), a cellular phone, a walkie talkie,
or a language translator. In this embodiment. VOX is
used for power management. A VOX circuit includes a
power switch connecting a battery to the portions of the
circuit of system 100 or system 200 that are voice acti-
vated. The VOX is "on" when the voice-activated por-
tions of the circuit are activated, i.e., when the power
switch remains on. It is "started" by turning on the power
switch, and "stopped" by turning off the power switch.
[0050] Steps 910-918 illustrate the process of detect-
ing a sound from an ear canal and transmitting it to a
remote device. A microphone disposed in an ear canal
detects an occluded sound within the ear canal at 910.
If the occluded sound is detected at 911, the VOX of the
system is started at 912 if it is not already on. The oc-
cluded sound is enhanced at 914 with a voice recogni-
tion system that improves the signal-to-noise ratio,
where the signal is the voice of a speech, and the noise
is any sound other than the voice of the speech. The
occluded sound is then converted to an outgoing radio
signal at 916. The outgoing radio signal representing the
occluded sound is transmitted to the remote device at
918.

[0051] Steps 920-928 illustrate the process of detect-
ing a sound sent from the remote device and transmit-
ting it to the ear canal. A radio receiver detects an in-
coming radio signal representing a remote sound from
the remote device at 920. If the incoming radio signal is
detected at 921, the VOX of the system is started at 922
if it is not already on. The incoming radio signal is con-
verted to a first incoming audio signal (the remote
sound) at 924. The first incoming audio signal is en-
hanced at 926 with a voice recognition system that im-
proves the signal-to-noise ratio, where the signal is the
voice from the remote device, and the noise is any
sound other than the voice. A speaker disposed in the
ear canal transmits the first incoming audio signal rep-
resenting the sound from the remote device to the ear
canal at 928.

[0052] Steps 930-938 illustrate the process of detect-
ing a sound from the environment and transmit it to the
ear canal. A microphone outside the ear canal detects
an ambient sound at 930. If the ambient sound is de-
tected at 931, the VOX of the system is started at 932 if
it is not already on. The ambient sound is converted to
a second incoming audio signal at 934. The second in-
coming audio signal is enhanced at 936 with a voice rec-
ognition system that improves the signal-to-noise ratio,
where the signal is any voice included in the ambient
sound, and the noise is any sound other than the voice.
A speaker disposed in the ear canal transmits the sec-
ond incoming audio signal representing to the ear canal
at 928.

[0053] If no signal (sound or radio signal) is detected
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at 911, 921, and 931, the VOX is stopped at 940. In other
words, if no sound is to be processed, the communica-
tion system is inactivated except for the portions that
must be active for sound detection at all times. In one
embodiment, the VOX is stopped after a predetermined
period of time to avoid frequent activation/deactivation
during a conversation.

[0054] Systems 100 and 200 are each a full duplex
system capable of performing steps 910-918, 920-928,
and 930-938 are performed in parallel and simultane-
ously. In an embodiment in which system 100 performs
the method, ear-level device 110 performs steps
910-918, 924-928, and 930-938. If a signal is detected
at 911, 921, or 931, VOX 430 activates at least portions
of device 110 performing steps 914-918, 924-928, or
934-938, respectively. If no signal is detected at 911,
921, or 931, VOX 430 deactivates at least the portions
of device 110 performing steps 914-918, 924-928, or
934-938, respectively.

[0055] In an embodiment in which system 200 per-
forms the method, ear-level device 210A performs steps
910-918, and ear-level device 210B performs steps
920-928 and 930-930. If a signal is detected at 911,
transmitter VOX 530A activates at least portions of de-
vice 210A performing steps 914-918. If a signal is de-
tected at 921 or 931, receiver VOX 530B activates at
least portions of device 210B performing steps 924-928
or 934-938, respectively. If no signal is detected at 911,
transmitter VOX 530A deactivates at least the portions
of device 210A performing steps 914-918. If no signal
is detected at 921 or 931, receiver VOX 530B deacti-
vates at least the portions of device 210B performing
steps 924-928 or 934-938, respectively.

[0056] FIG. 10 is a flow chart illustrating another em-
bodiment of the method for audio communication using
system 100. In this embodiment, in addition to power
management, the VOX is also used for gating, i.e.,
blanking or attenuating, sounds. The VOX circuit in-
cludes a power switch connecting a battery to the por-
tions of the circuit of system 100 that are voice activated
and gating modules capable of blanking or attenuating
the occluded sound, the remote sound, and the ambient
sound. Examples of such gating modules include oc-
cluded sound gating module 441, remote sound gating
module 451, and ambient sound gating module 421,
designated for the occluded sound, the remote sound,
and the ambient sound, respectively.

[0057] Steps 1010-1019 illustrate the process of de-
tecting the occluded sound from the ear canal and trans-
mitting it to the remote device. The microphone dis-
posed in the ear canal detects the occluded sound within
the ear canal at 1010. If the occluded sound is detected
at 1011, the VOX of the system is started to power the
voice-activated portions of the circuit of system 100 at
1012 if they are not already powered. The VOX deter-
mines whether to start gating the occluded sound on at
1013. In one embodiment, the occluded sound is gated
on when its amplitude exceeds a predetermined thresh-
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old and when the effective gating coordination rule per-
mits. Examples of gating coordination rules are de-
scribed above with respect to FIG. 4B. If the occluded
sound is gated on at 1013, it is processed at 1014 by
following steps that are identical or similar to steps
914-916-918. The occluded sound is gated off at 1019
if it has been gated on but is no longer detected. In one
embodiment, the occluded sound is gated off after it is
not detected for a predetermined period.

[0058] Steps 1020-1028 illustrate the process of de-
tecting the remote sound sent from the remote device
and transmitting it to the ear canal. A radio receiver de-
tects the incoming radio signal representing the remote
sound from the remote device at 1020. If the remote
sound is detected at 1021, the VOX of the system is
started to power the voice-activated portions of the cir-
cuit of system 100 at 1022 if they are not already pow-
ered. The VOX determines whether to start gating the
remote sound on at 1023. In one embodiment, the re-
mote sound is gated on when its amplitude exceeds a
predetermined threshold and when the effective gating
coordination rule permits. In another embodiment, the
remote sound is gated on when the incoming radio sig-
nal is detected and when the effective gating coordina-
tion rules permits. If the remote sound is gated on at
1023, it is processed at 1024 by following steps that are
identical or similar to steps 924-926-928. The remote
sound is gated off at 1029 if it has been gated on but is
no longer detected. In one embodiment, the remote
sound is gated off after it is not detected for a predeter-
mined period.

[0059] Steps 1030-1038 illustrate the process of de-
tecting the ambient sound and transmit it to the ear ca-
nal. A microphone outside the ear canal detects the am-
bient sound at 1030. If the ambient sound is detected at
1031, the VOX of the system is started to power the
voice-activated portions of the circuit of system 100 at
1032 if they are not already powered. The VOX deter-
mines whether to start gating the ambient sound on at
1033. In one embodiment, the ambient sound is gated
on when its amplitude exceeds a predetermined thresh-
old and when the effective gating coordination rule per-
mits. If the ambient sound is gated on at 1033, it is proc-
essed at 1034 by following steps that are identical or
similar to steps 934-936-938. The ambient sound is gat-
ed off at 1039 if it has been gated on but is no longer
detected. In one embodiment, the ambient sound is gat-
ed off after it is not detected for a predetermined period.
[0060] If no signal (sound or radio signal) is detected
at 1011,1021, and 1031, the VOX is stopped at 1040. In
other words, if no sound is to be processed, the com-
munication system is inactivated except for the portions
that must be active for sound detection at all times, In
one embodiment, the VOX is stopped after a predeter-
mined period of time to avoid Sequent activation/deac-
tivation during a conversation.

[0061] It is to be understood that the above detailed
description is intended to be illustrative, and not restric-
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tive. Other embodiments will be apparent to those of skill
in the artupon reading and understanding the above de-
scription. For example, two ear-level devices 110, or a
pair of devices each being similar to ear-level device
110, can be used to deliver a stereo sound. The scope
of the invention should, therefore, be determined with
reference to the appended claims.

Claims

1. A system adapted for use in at least one of a first
ear having a first ear canal and a second ear having
a second ear canal, comprising:

a first ear-level device including:

a first microphone adapted for use in one
of the first ear canal and the second ear ca-
nal, the first microphone receiving an oc-
cluded sound from about the one of the first
ear canal and the second ear canal;

a first processor, connected to the first mi-
crophone, to process the occluded sound;
a wireless transmitter, connected to the
first processor, to receive the processed
occluded sound from the first processor
and transmit a first wireless signal repre-
senting the occluded sound; and

a first earmold housing at least the first mi-
crophone, at least a portion of the first ear-
mold configured for placement in the one
of the first ear canal and the second ear ca-
nal.

2. The system according to claim 1, wherein the first
earmold houses the first microphone, the first proc-
essor, and the wireless transmitter, and wherein the
first earmold is configured for use as an in-the-ear
(ITE) device.

3. The system according to claim 1, wherein the first
ear level device comprises an ITE module including
the first microphone and a behind-the-ear (BTE)
module attached to the ITE module, the BTE mod-
ule including the first processor and the wireless
transmitter.

4. The system according to any of the preceding
claims, further comprising a voice operated ex-
change (VOX) circuit connected to the first proces-
sor.

5. The system according to claim 4, wherein the VOX
circuit comprises an occluded sound gating mod-
ule, coupled to the first microphone, to blank or sub-
stantially attenuate the occluded sound.
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6.

10.

11.

12.

13.

The system according to claim 1, further compris-
ing:

a wireless receiver, connected to the first proc-
essor, to receive a second wireless signal rep-
resenting a remote sound; and

a speaker connected to the first processor, the
speaker adapted for use in the one of the first
ear canal and the second ear canal,

wherein:

the first processor further processes the remote
sound, and the speaker is adapted to transmit
the processed remote sound to the one of the
first ear canal and the second ear canal; and
the first earmold further houses at least the
speaker.

The system according to claim 6, wherein the first
microphone and the speaker include one common
device receiving the occluded sound and transmit-
ting the processed remote sound.

The system according to any of claims 6 and 7, fur-
ther comprising a second microphone connected to
the first processor, the second microphone adapted
to receive an ambient sound from outside the one
of the first ear canal and the second ear canal, and
wherein:

the first processor further processes the ambi-
ent sound; and

the speaker is configured to transmit the proc-
essed remote and ambient sounds to the one
of the first ear canal and the second ear canal.

The system according to claim 8, further comprising
a voice operated exchange (VOX) circuit connected
to the first processor.

The system according to claim 9, wherein the VOX
circuit comprises an occluded sound gating mod-
ule, coupled to the first microphone, to blank or sub-
stantially attenuate the occluded sound.

The system according to any of claims 9 and 10,
wherein the VOX circuit comprises a remote sound
gating module, coupled to the wireless transceiver,
to blank or substantially attenuate the remote
sound.

The system according to any of claims 9 -11, where-
in the VOX circuit comprises an ambient sound gat-
ing module, coupled to the first microphone, to
blank or substantially attenuate the ambient sound.

The system according to any of the preceding
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claims, wherein the first processor comprises a
speech recognition module.

The system according to any of claims 6 -13, where-
in the first earmold houses the first microphone, the
first processor, the wireless transmitter, the wireless
receiver, and the speaker, and wherein the first car-
mold is configured for use as an in-the-ear (ITE) de-
vice.

The system according to claim 14, wherein the first
earmold is configured for use as an in-the-canal
(ITC) device.

The system according to claim 15, wherein the first
earmold is configured for use as a completely-in-
the-canal (CIC) device.

The system according to any of claims 6 - 13,
wherein the first ear level device comprises an ITE
module including the first microphone and the
speaker and a behind-the-ear (BTE) module at-
tached to the ITE module and including the second
microphone, the first processor, the wireless trans-
mitter, and the wireless receiver.

The system of claim 17, wherein the BTE module
comprises a voice operated exchange (VOX) cir-
cuit.

The system of claim 17, wherein the BTE module
comprises a rechargeable battery.

The system according to any of claims 6 - 19, further
comprising a remote device communicatively cou-
pled to the wireless transmitter and the wireless re-
ceiver via a telemetry link providing for simultane-
ous bi-directional communication between the first
ear-level device and the remote device.

The system according to claim 20, wherein the re-
mote device comprises at least one of a computer,
a personal digital assistant (PDA), a cellular phone,
a walkie talkie, or a language translator.

The system according to claim 1, wherein the first
microphone is adapted for use in the first ear canal
and receives the occluded sound from about the
first ear canal, wherein the at least the portion of the
first earmold is configured for placement in the first
ear canal, and further comprising a second ear-lev-
el device including:

awirelessreceiver toreceive a second wireless
signal representing a remote sound;

a second processor, connected to the wireless
receiver, to convert the second wireless signal
to the remote sound;
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a speaker connected to the second processor,
the speaker adapted for use in the second ear
canal to transmit the remote sound to the sec-
ond ear canal; and

a second earmold housing at least the speaker,
at least a portion of the second earmold config-
ured for placement in the second ear canal.

The system according to claim 22, wherein the sec-
ond ear-level device further comprises a second mi-
crophone connected to the second processor, the
second microphone adapted to receive an ambient
sound from outside the second ear canal, and
wherein:

the second processor further processes the
ambient sound; and

the speaker is configured to transmit the remote
sound and the processed ambient sound to the
second ear canal.

The system according to any of claims 22 and 23,
wherein the first ear-level device further comprises
a first voice operated exchange (VOX) circuit con-
nected to the first processor, and the second ear-
level device further comprises a second VOX circuit
connected to the second processor,

The system according to any of claims 22 - 24,
wherein the first processor and the second proces-
sor each comprise a speech recognition module.

The system according to any of claims 22 - 25,
wherein the first and second ear-level devices are
each an behind-the-ear (BTE) device.

The system according to any of claims 22 - 25,
wherein the first and second ear-level devices are
each an in-the-ear (ITE) device.

The system according to claim 27, wherein the first
and second ear-level devices are each an in-the-
canal (ITC) device.

The system according to claim 28, wherein the first
and second ear-level devices are each an com-
pletely-in-the-canal (CIC) device.

The system according to any of claims 22 - 29, fur-
ther comprising a remote device communicatively
coupled to the first and second ear-level devices.

The system according to claim 30, wherein the re-
mote device comprises at least one of a computer,
a personal digital assistant (PDA), a cellular phone,
a walkie talkie, or a language translator.

A method, comprising:
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detecting an occluded sound using a first mi-
crophone adapted for use in an ear canal;
detecting an incoming radio signal representing
a remote sound from the remote device;
starting a voice operated exchange (VOX)
housed within an ear-level communication de-
vice when at least one of the occluded sound
and the incoming radio Signal is detected if the
VOX is not already on, the ear-level communi-
cation device being one of an in-the-ear (ITE)
device and a behind-the-ear (BTB) device;
gating the occluded sound on, and gating the
remote sound off, when the occluded sound is
detected while the incoming radio signal is not
detected; and

gating the remote sound on, and gating the oc-
cluded sound off, when the incoming radio sig-
nal is detected while the occluded sound is not
detected.

The method according to claim 32, wherein detect-
ing the occluded sound comprises comparing an
amplitude of the occluded sound to an occluded
sound threshold, wherein the occluded sound is de-
tected when the amplitude of the occluded sound
exceeds the occluded sound threshold.

The method according to any of claims 32 and 33,
wherein detecting the incoming radio signal com-
prises comparing an amplitude of the remote sound
to a remote sound threshold, wherein the incoming
radio signal is detected when the amplitude of the
remote sound exceeds the remote sound threshold.

The method according to any of claims 32 - 34, fur-
ther comprising detecting an ambient sound using
a second microphone, and wherein starting the
VOX comprises starting the VOX when at least one
of the occluded sound, the incoming radio signal,
and the ambient sound is detected if the VOX is not
already on.

The method according to claim 35, further compris-
ing gating the occluded sound off, gating the remote
sound on, and gating the ambient sound off, when
the incoming radio signal is detected while the oc-
cluded sound is not detected.

The method according to claim 35, further compris-
ing gating the occluded sound off, gating the remote
sound on, and gating the ambient sound on, when
the incoming radio signal is detected while the oc-
cluded sound is not detected.

The method according to claim 35, further compris-
ing gating the occluded sound on, gating the remote
sound off, and gating the ambient sound off, when
the occluded sound is detected while the incoming
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radio signal is not detected.
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The wording below is an initial machine translation of the original publication. To generate a version
using the latest translation technology, go to the original language text and use Patent Translate.

[0001] BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention relates to a
self-speech detection device, a voice input device, and a hearing aid having a function of distinguishing a
voice uttered by a wearer from a voice coming from the outside world.

[0002] 2. Description of the Related Art Conventionally, a device using a bone conduction microphone
has been put into practical use as a device for separating and identifying self-utterance, which is a voice
uttered by a wearer, from an outside voice.

[0003] The bone conduction microphone detects the vibration of the skull caused by the wearer's voice
through the attachment part that is in close contact with the wearer's ear canal.There is no sensitivity to
external noise, which is air vibration, and the wearer's self-speech Only the sound can be picked up.

[0004] However, the bone conduction microphone is required to have close contact between the
mounting portion and the ear canal in order to pick up the self-speech sound with high sensitivity. For
this reason, it is necessary to match the shape of the wearing part with the shape of the ear canal of
each wearer, and in the case of a cell type body in which the main body is integrated with the wearing
part, it is necessary to replace the whole cell, so each wearer There was a problem that the fitting of was
complicated.

[0005] An object of the present invention is to provide a self-speech detection device, a voice input
device, and a hearing aid that can detect self-speech with a simpler configuration.

[0006] According to the invention of claim 1 of the present application, a mounting portion that is
inserted into the ear canal of a wearer to insulate between the outside world and the ear canal, and a
first microphone provided toward the outside world. A second microphone provided toward the ear
canal; a delay unit that delays the signal of the first microphone for a predetermined time; a receiver
that outputs the signal delayed by the delay unit into the ear canal; and a first microphone. And a signal
processing unit that detects the self-utterance of the wearer based on the correlation between the
signal waveform of (1) and the signal waveform of the second microphone.

[0007] In the invention of claim 2 of this application, in the invention of claim 1, the signal processing
unit calculates a difference between the signal waveform of the first microphone and the signal
waveform of the second microphone, and It is a processing unit that detects the wearer's self-utterance
based on the correlation with the signal waveform of the microphone 1.

[0008] According to a third aspect of the present application, in the first aspect of the invention, the
signal processing unit propagates the signal waveform of the first microphone delayed by the delay
means including the ear canal from the receiver to the second microphone. The convolution calculation
is performed by the transfer function of the road, the difference between the convolved signal
waveform and the signal waveform of the second microphone is calculated, and the wearer's self is
calculated based on the correlation between the difference signal waveform and the signal waveform of
the first microphone. It is characterized in that it is a processing unit for detecting an utterance.

[0009] According to the invention of claim 4 of this application, in the invention of claim 3, a sound
source for generating a test sound signal and inputting it to the delay means, a direct waveform of the

Exhibit 1004
Page 0468 of 1251



test sound signal and a second microphone output from the receiver are used. It is characterized in that
it further comprises means for calculating a transfer function of the propagation path based on the
propagation waveform of the received test sound signal.

[0010] According to the invention of claim 5 of this application, a mounting portion that is inserted into
the ear canal of the wearer to insulate between the outside world and the ear canal, the first
microphone provided toward the outside world, and the inside of the ear canal are provided. A second
microphone, a delay unit that delays the signal received by the first microphone for a predetermined
time, a receiver that outputs the signal delayed by the delay unit into the ear canal, and a first
microphone that is delayed by the delay unit. The signal waveform is convolved with the transfer
function of the propagation path including the ear canal from the receiver to the second microphone,
the difference signal waveform between this convolutional signal waveform and the signal waveform of
the second microphone is extracted, and this difference signal waveform is And a signal processing unit
for external output.

[0011] According to the invention of claim 6 of this application, in the invention of claim 5, the sound
source for generating a test sound signal and inputting it to the delay means, the direct waveform of the
test sound signal and the second microphone output from the receiver are used. It is characterized in
that it further comprises means for calculating a transfer function of the propagation path based on the
propagation waveform of the received test sound signal.

[0012] According to the invention of claim 7 of this application, a mounting portion that is inserted into
the ear canal of the wearer to insulate between the outside world and the ear canal, a first microphone
provided toward the outside world, and the inside of the ear canal are provided. The second
microphone, the voice speed conversion means for extending the signal received by the first
microphone on the time axis, the receiver for outputting the signal delayed by the delay means into the
ear canal, and the voice speed conversion means. The signal waveform of the first microphone is
convolved with the transfer function of the propagation path including the ear canal from the receiver
to the second microphone, and the difference signal waveform between this convolutional signal
waveform and the signal waveform of the second microphone and the first And a signal processing unit
that detects the self-utterance of the wearer based on the correlation with the signal waveform of the
microphone and prohibits the operation of the speech speed conversion means when the self-utterance
is detected.

[0013] According to the invention of claim 8 of this application, in the invention of claim 7, a sound
source for generating a test sound signal and inputting it to the delay means, a direct waveform of the
test sound signal and a second microphone output from the receiver are used. It is characterized in that
it further comprises means for calculating a transfer function of the propagation path based on the
propagation waveform of the received test sound signal.

[0014] In the present invention, the second microphone receives not only the self-speech sound but also
the external voice output from the receiver. On the other hand, the first microphone receives the
foreign voice. By canceling the component of the external voice by correlating the signal waveform of
the second microphone and the first signal waveform, only the self-speech sound component can be
separated and extracted. The foreign voice received by the first microphone includes the self-speech
sound uttered by the mouth, but the same processing may be performed.
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[0015] Since the signal processing unit can be configured by a DSP or the like, the structure can be
simplified even when performing complicated signal processing.

[0016] Therefore, according to the present invention, it is possible to separate and extract only the self-
speech sound with a configuration of the mounting portion that is much simpler than that of the bone
conduction microphone that only shields the outside world from the ear canal.

[0017] BEST MODE FOR CARRYING OUT THE INVENTION Embodiments of the present invention will be
described with reference to the drawings. FIG. 1 is an external view of a self-speech detection device to
which the present invention is applied. This self-speech detection device is used for a hearing aid and a
voice input device. An earplug 2 which is a mounting portion to be inserted into the ear canal 4 is
provided at the tip of the cell 1. The earplug 2 is made of an umbrella-shaped flexible resin, and is in
close contact with the external auditory meatus wall 3 to block the external auditory meatus 4 from the
outside world and prohibit the propagation of sound between them.

[0018] In the cell 1, a microphone 5 for detecting a sound coming from the outside world, a receiver 6
for outputting a sound to the ear canal 4, a microphone 7 for detecting a sound inside the ear canal 4,
and a receiver 6, A pipe hole 8 that spatially connects with the microphone 7 is provided. The
microphone 5, the receiver 6 and the microphone 7 are connected to the signal processing unit 9. The
signal processing unit 9 is composed of an electronic circuit such as a DSP, analyzes and processes the
audio signal input from the microphone 5 and the microphone 7, and outputs the processed audio signal
from the receiver 6. Hereinafter, examples of various configurations of the signal processing unit 9 and
their operations will be described.

[0019] FIG. 2 shows an example of a self-speech detection device in which the signal processing unit 9 is
composed of a delay device 10, a correlation calculation device 11, and a speech determination device
12. In FIG. 2A, the external voice received by the microphone 5 is input to the delay device 10 and the
correlation calculation device 11. The delay device 10 delays the input audio signal by a minute time t
and outputs it to the receiver 6. The receiver 6 converts this voice signal into voice (air vibration) and
emits it into the ear canal 4. The microphone 7 receives both the voice output by the receiver 6 and the
voice of the wearer transmitted from the ear canal 4. The audio signal received by the microphone 7 is
input to the correlation calculation device 11. The correlation calculation device 11 calculates a
correlation value between the audio signal input from the microphone 5 and the audio signal input from
the microphone 7.

[0020] With reference to FIGS. 2B and 2C, the signal waveform and the correlation when the external
voice arrives will be described. The time when the microphone 5 receives the foreign voice is 0 sec. The
input point A waveform of the microphone 5 has a waveform as shown in the upper part of FIG. The
delay device 10 delays this audio signal for tsec and outputs it to the receiver 6. The pointB waveform
which is the waveform supplied to the receiver 6 is a waveform as shown in the middle part of FIG. 7B in
which the waveform of pointA is delayed by tsec. The receiver 6 outputs the delayed audio signal to the
ear canal 4. The sound output to the ear canal 4 is also received by the microphone 7. The pointC
waveform which is the input of the microphone 7 has a waveform similar to the pointB waveform as
shown in the lower part of FIG. The correlation calculation device 11 is a device that in time series
examines how similar the point A waveform is to the reference waveform, using the point A waveform
as the reference waveform, and outputs a correlation value proportional to the degree of the
correlation. In the same figure (C), since there is no voice signal in the ear canal 4 at the time of 0 sec
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and the waveform of pointC is flat, the correlation value is 0, but the waveform of the voice delayed to
pointC appears at time t. The correlation value at this time t becomes maximum.

[0021] 8B and 8C are diagrams in which the level of the input waveform is modeled, but actually the
waveform as shown in FIG. 8 is shown. The same figure (A) shows the waveform of point A, and the
same figure (B) shows the waveform of point C. And the same figure (C) is a correlation value. As
described above, in the case of an analog waveform, the correlation value does not have a pulse shape,
but the peak value also changes after tsec.

[0022] On the other hand, with reference to FIGS. 2D and 2E, the signal waveform and the correlation
when self-speech is performed will be described. When the wearer utters, the sound signal is emitted
from the mouth to the outside and also propagates into the ear canal 4 through the body propagation
path. The sound emitted to the outside world is received by the microphone 5, and the sound
propagated to the ear canal 4 is received by the microphone 7. Since the propagation distances of both
are extremely short, they are received almost at the same time (0 sec). Therefore, at time 0 sec, a
waveform as shown in the upper part of FIG. 9D appears at the point A which is the input of the
microphone 5, and at the time 0 sec, a waveform similar to the point A waveform also appears at the
time 0 sec. Further, the pointA waveform is delayed by the delay device 10 for tsec (pointB waveform)
and then output from the receiver 6 to the ear canal 4, so that the microphone 7 also receives this
sound, and the microphone 7 causes the wearer generated in the ear canal. Both the own voice and the
delayed voice output from the receiver 6 are received, and the received pointC waveform is a
synthesized waveform as shown in the lower part of FIG. At time 0 sec, the waveforms at point A and
point C are almost the same, so the correlation calculation device 11 outputs a high correlation value at
time 0 sec as shown in FIG.

[0023] 9D and 9E are diagrams in which the level of the input waveform is modeled, the waveforms
shown in FIG. 9 are actually shown. The same figure (A) shows the waveform of point A, and the same
figure (B) shows the waveform of point C. And the same figure (C) is a correlation value. As described
above, in the case of an analog waveform, the correlation value does not have a pulse shape, but it also
has a peak value at time 0 and is gradually attenuated.

[0024] Based on the difference in the correlation values described above, when the peak of the
correlation value is output at 0 sec, the speech determination device 12 determines that the correlated
waveform is due to self-speech, and the peak of the correlation value is output after tsec. Then, it is
determined that the waveform is due to the foreign voice.

[0025] FIG. 3 shows an example of a self-speech detection device in which the signal processing unit 9 is
composed of a delay device 10, a correlation calculation device 11, a speech determination device 12,
and a difference processing device 13. In FIG. 3A, the external voice received by the microphone 5 is
input to the delay device 10 and the correlation calculation device 11. The delay device 10 delays the
input audio signal by tsec and outputs it to the receiver 6. The receiver 6 converts this voice signal into
voice (air vibration) and emits it into the ear canal 4. The signal (pointB) delayed by the delay device 10
is also input to the difference processing device 13. On the other hand, the microphone 7 receives the
sound generated in the external auditory meatus 4 and inputs it to the difference processing device 13.
The microphone 7 receives both the voice output by the receiver 6 and the voice of the wearer
transmitted from the ear canal 4. The difference processing unit 13 cancels the foreign voice component
by subtracting the same voice signal waveform as that output from the delay unit 10 to the receiver 6
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from the voice signal waveform input from the microphone 7. The speech signal waveform in which the
foreign speech component is canceled is input to the correlation calculation device 11. The correlation
calculation device 11 calculates a correlation value between the voice signal input from the microphone
5 and the voice signal input from the difference processing device 13.

[0026] With reference to FIGS. 3B and 3C, the signal waveform and the correlation when the foreign
voice arrives will be described. The time when the microphone 5 receives the foreign voice is set to 0
sec. Point A, which is the input to the microphone 5, has a waveform as shown in the first stage of FIG.
The delay device 10 delays this audio signal for tsec and outputs it to the receiver 6. Since the pointB
waveform supplied to the receiver 6 is the pointA waveform delayed by tsec, it has a waveform as
shown in the second stage of FIG. The receiver 6 outputs the delayed audio signal to the ear canal 4. The
sound output to the ear canal 4 is also received by the microphone 7. The pointC waveform, which is the
input signal waveform of the microphone 7, has a waveform similar to the pointB waveform as shown in
the third stage of FIG. The difference processing device 13 subtracts the pointC waveform, which is the
audio signal waveform input from the microphone 7, from the pointB waveform, which is the audio
signal waveform input from the delay device 10. In the case of only foreign voice, since there is no
internally generated voice signal, the pointB waveform and the pointC waveform almost match, and the
pointD waveform which is the output of the difference processing device 13 is as shown in the fourth
stage of FIG. It becomes a flat signal of almost 0 level. The correlation calculation device 11 is a device
that in time series examines how similar the point A waveform is to the reference waveform, using the
point A waveform as the reference waveform, and outputs a correlation value proportional to the
degree of the correlation. In this example, since the waveform of pointD is almost flat, there is almost no
correlation with the reference waveform of pointA, and a large correlation value is not output. The
utterance determination device 12 determines that there is no self-utterance because a large
correlation value is not input.

[0027] On the other hand, a signal waveform and a correlation when a self-speech is performed will be
described with reference to FIGS. When the wearer utters, the voice signal is emitted from the mouth to
the outside world and also propagates into the ear canal 4 through the body propagation path. The
sound emitted to the outside world is received by the microphone 5, and the sound transmitted to the
external auditory meatus 4 is received by the microphone 7. Since the propagation distances of both are
extremely short, they are received almost at the same time (0 sec). Therefore, the waveform of the
point A appears at the microphone 5 at the time 0 sec, and the waveform similar to the point A also
appears at the microphone 7 at the time 0 sec. Further, the waveform of the point A is delayed by the
delay device 10 for tsec and then emitted from the receiver 6 to the ear canal 4, so that the microphone
7 also receives this voice. That is, the microphone 7 receives both the voice of the wearer
himself/herself generated in the ear canal and the delayed voice emitted from the receiver 6, and the
synthesized waveform thereof is as shown in the third row of FIG. It becomes the waveform of pointC.
The difference processing device 13 subtracts the pointC waveform which is the voice signal waveform
input from the microphone 7 and the pointB waveform which is the voice signal waveform input from
the delay device 10. Since the pointC waveform is a composite signal of the internally transmitted
waveform and the voice waveform output from the receiver 6, when the pointB waveform is subtracted
from this, the waveform component of the external voice output from the receiver 6 is canceled, and )
As shown in the fourth row, the waveform becomes similar to pointA. The correlation calculation device
11 is a device that in time series examines how similar the point A waveform is to the reference
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waveform, using the point A waveform as the reference waveform, and outputs a correlation value
proportional to the degree of the correlation. In this example, since the waveform of pointD almost
coincides with the waveform of pointA, a large correlation value is output at the timing of 0 sec. The
utterance determination device 12 determines that there is a self-utterance started at the timing of 0
sec due to the input of the large correlation value. As described above, in the example of FIG. 3, since
the extra signal is eliminated by the difference processing device 13, the correlation value is improved
and the error determination can be expected to be reduced.

[0028] The examples of FIGS. 2 and 3 have been described for the case where the signal path is ideal and
the frequency characteristics and phase characteristics of the path have almost no effect, but consider
the case where the propagation characteristics of the signal path affect the waveform of the audio
signal. An example is shown in FIG.

[0029] In the example of FIG. 4, the signal processing unit 9 includes a delay device 10, a correlation
calculation device 11, a speech determination device 12, a difference processing device 13, and a
transfer function correction device 14.

[0030] In FIG. 4A, the external voice received by the microphone 5 is input to the delay device 10 and
the correlation calculation device 11. The delay device 10 delays the input audio signal by tsec and
outputs it to the receiver 6. The receiver 6 converts this voice signal into voice (air vibration) and emits it
into the ear canal 4. The pointB waveform delayed by the delay device 10 is also input to the transfer
function correction device 14. The transfer function correction device 14 filters the input signal and
inputs it to the difference processing device 13. This filter is a filter that simulates the impulse response
of the ear canal 4 when the device is inserted into the ear canal 4, so that the signal passing through this
filter has the same waveform as the signal propagating in the ear canal 4. Is designed. That is, by passing
through this filter, the transfer function of the propagation path is convoluted with respect to the signal
waveform.

[0031] On the other hand, the microphone 7 receives the sound generated in the external auditory
meatus 4 and inputs it to the difference processing device 13. The microphone 7 receives both the voice
output by the receiver 6 and the voice of the wearer transmitted from the ear canal 4. The difference
processing device 13 subtracts the audio signal waveform input from the transfer function correction
device 14 from the audio signal waveform input from the microphone 7 to cancel this component. The
audio signal waveform from which the output of the receiver 6 has been canceled is input to the
correlation calculation device 11. The correlation calculation device 11 calculates a correlation value
between the voice signal input from the microphone 5 and the voice signal input from the difference
processing device 13.

[0032] With reference to FIG. 4(B), the signal waveform and the correlation when the foreign voice
arrives will be described. The time when the microphone 5 receives the foreign voice is set to 0 sec.
Point A, which is the input to the microphone 5, has a waveform as shown in the first stage of FIG. The
delay device 10 delays this audio signal for tsec and outputs it to the receiver 6. The pointB, which is the
waveform applied to the receiver 6, has a waveform as shown in the second stage of FIG. 7B, which is
obtained by delaying the waveform of the pointA by tsec. The receiver 6 outputs the delayed audio
signal to the ear canal 4. The sound output to the ear canal 4 is also received by the microphone 7. The
point C, which is the input of the microphone 7, has almost the same timing as the point B, but the delay
component is superimposed due to the propagation through the external auditory meatus 4, and the
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waveform is as shown in the third stage of FIG. Since the waveform obtained by correcting the pointB
waveform output from the delay device 10 by the transfer function correction device 14 is input to the
difference processing device 13, this waveform is subtracted from the point C which is the audio signal
waveform input from the microphone 7. .. Since the waveform of pointB corrected by the transfer
function correction device 14 is almost the same as the waveform of pointC, these waveforms almost
match and the pointE waveform which is the output of the difference processing device 13 is shown in
FIG. As shown in the fifth stage, the signal becomes a flat signal of almost 0 level. The correlation
calculating device 11 is a device for checking in time series how similar the point A waveform is to the
reference waveform with the point A waveform as the reference waveform, and outputs a correlation
value proportional to the degree of the correlation. In this example, since the waveform of point E is
almost flat, there is almost no correlation with the reference waveform of point A, and a large
correlation value is not output. The utterance determination device 12 determines that there is no self-
utterance because a large correlation value is not input.

[0033] On the other hand, with reference to FIG. 4C, the signal waveform and the correlation when self-
utterance is performed will be described. When the wearer utters, the sound signal is emitted from the
mouth to the outside and also propagates into the ear canal 4 through the body propagation path. The
sound emitted to the outside world is received by the microphone 5, and the sound transmitted to the
external auditory meatus 4 is received by the microphone 7. Since the propagation distances of both are
extremely short, they are received almost at the same time (0 sec). Therefore, the waveform of the
point A appears at the microphone 5 at the time 0 sec, and the waveform similar to the point A
waveform also appears at the microphone 7 at the time 0 sec. Further, the waveform of the point A is
delayed by the delay device 10 for tsec and then emitted from the receiver 6 to the ear canal 4, so that
the microphone 7 also receives this voice. The signal emitted from the receiver 6 and received by the
microphone 7 is a signal that propagates through the external auditory meatus 4 and is input, so that
the reverberation sound component of the external auditory meatus 4 is superimposed. Therefore, the
synthesized waveform of the direct sound of the self-utterance received by the microphone 7 and the
sound output from the receiver 6 becomes the pointC waveform shown in the third stage of FIG. The
sound signal emitted from the receiver 6 and propagated through the external auditory meatus 4 has a
gradual rise and fall of the waveform because the reverberation component is superimposed due to the
propagation characteristics of the external auditory meatus 4 as described above. Since the waveform
output from the transfer function correction device 14 also passes through a filter having the transfer
characteristic of the external auditory meatus 4 as a filter coefficient, similar reverberation components
are superposed, and this signal is input from the input signal of the microphone 7. By subtracting, only
the self-speech sound can be separated (pointE waveform).

[0034] The correlation calculation device 11 is a device that in time series examines how similar the
point A waveform is to the reference waveform, using the point A waveform as the reference waveform,
and outputs a correlation value proportional to the degree of the correlation. In this example, since the
waveform of pointD almost coincides with the waveform of pointA, a large correlation value is output at
the timing of 0 sec. The utterance determination device 12 determines that there is a self utterance
started at the timing of 0 sec due to the input of the large correlation value.

[0035] In FIG. 4A, if the output of the difference processing device 13 is taken out as it is, it can function
as a self-speech detecting microphone.
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[0036] Although the transfer function correction device 14 is inserted between the delay device 10 and
the difference processing device 13 in the device of FIG. 4A, it may be placed between the microphone 7
and the difference processing device 13 as shown in FIG. Can also In this case, since the transfer function
is also convoluted with the self-speech voice generated in the ear canal, the transfer function correction
device that restores the waveform of the self-speech sound after the difference processing is the
difference processing device 14 and the correlation calculation device 11. To be installed between and.

[0037] Note that, in the examples of FIGS. 3 and 4, the correlation calculation device 11 may be a simple
comparison calculation device because it only compares two audio signal waveforms that occur
simultaneously. Further, the delay device 10 of FIGS. 4 and 5 may be a signal processing device that
digitally delays a signal.

[0038] FIG. 6 is a diagram showing an embodiment in which the present invention is applied to a voice
input/output device of a communication terminal. A control device 30 for controlling this device controls
the device in a transfer function calculation mode and a normal operation mode. The indicator device 33
includes a switch for the wearer to instruct the controller 30 to turn on/off the device.

[0039] 6, as a system of the microphone 5-delay device 10-receiver 6 of FIGS. 1 and 4A, a microphone 5
(this device also has the same external appearance as that of FIG. 1; the same applies hereinafter), an
amplifier 36, An A/D converter 37, a delay device 38, a D/A converter 39, an amplifier 40 and a receiver
6 are provided. A microphone 7-amplifier 41 and an A/D converter 42 are provided as a system of the
microphone 7 in FIGS. 1 and 4A. Further, the functions of the transfer function correction device 14, the
difference processing device 13, and the comparison operation device 11 of FIG. 4A are implemented by
software by the control device 30 and the operation processing device 35. Further, this apparatus has a
built-in sound source 34 for generating a test sound signal in a transfer function calculation mode for
calculating the transfer function of the ear canal 4. The audio signal formed by the sound source 34 is
input to the A/D converter 37 as a test sound signal instead of being input to the microphone 5.

[0040] When the instruction device 33 gives an instruction to turn on, the control unit 30 first sets the
transfer function mode, the control device 30 turns on the sound source 34, and instructs the arithmetic
processing device 35 to perform a transfer function arithmetic operation. The test sound signal formed
by the sound source 34 may be white noise or pink noise, but may be another signal, for example, a
waveform of an impulse or a low-frequency signal having a fixed frequency. The test sound signal output
from the sound source 34 is emitted into the external auditory meatus 4 via the A/D converter 37, the
delay device 38, the D/A converter 39, the amplifier 40, and the receiver 6. The test sound emitted into
the ear canal 4 is detected by the microphone 7 provided toward the ear canal 4. The output of the
microphone 7 is input to the arithmetic processing unit 35 via the amplifier 41 and the A/D converter 42.
The arithmetic processing unit 35 may be configured by a DSP or the like. On the other hand, the
arithmetic processing unit 35 is also supplied with a signal obtained by converting the test sound signal
formed by the sound source 34 into a digital signal from the A/D converter 37. The arithmetic processing
unit 35 compares the pointA signal (the signal input from the A/D converter 37) and the pointB signal
(the signal input from the A/D converter 42) as the transfer function operation and compares these
signals. A correction coefficient is calculated according to the difference between There are various
methods for obtaining the correction coefficient. Then, a function G(k) such that

[0041] G(k)-A(k)-B(k)=E(k) Once obtained, the function G(k) is in a relatively stable state unless the
device is removed from the ear canal. You just need to calculate. When the calculation is completed, the

Exhibit 1004
Page 0475 of 1251



processing unit 35 goes into a standby state. When the control device 30 detects that the arithmetic
processing device 35 is in the standby state, the control device 30 stops the sound source 34 and
instructs the arithmetic processing device 35 to perform a signal processing operation to switch to the
normal operation mode.

[0042] In the normal operation mode, when an external sound is input from the microphone 5, it passes
through the amplifier 36, the A/D converter 37, the delay device 38, the D/A converter 39, and the
amplifier 40, and after tsec from the receiver 6 to the ear canal 4. Is output. The external sound output
to the external auditory meatus 4 is received by the microphone 7 provided toward the external
auditory meatus 4, and is input to the arithmetic processing unit 35 via the amplifier 41 and the A/D
converter 42. The arithmetic processing unit 35 in which the signal processing operation is set, after
convolving the transfer function G(k) obtained above into the pointA signal input from the A/D
converter 37, that is, the direct foreign voice signal, The difference calculation processing is performed
with the pointB signal, that is, the signal including the external audio signal transmitted through the
external auditory meatus 4. By this processing, the foreign voice component is deleted from the pointB
signal and only the self-speech voice is extracted. If the extracted self-speech voice is connected to the
voice input terminal of the communication device, only a voice signal with little noise can be picked up
and sent to the other party even in a place where environmental noise is large.

[0043] In the above example, the output of the A/D converter 37 (pointA signal) is input to the
arithmetic processing device 35 as the reference signal, but the output of the delay device 38 may be
input.

[0044] FIG. 7 is a diagram showing an embodiment in which the present invention is applied to a hearing
aid having a speech speed conversion function. The control device 50 for controlling this device controls
the device in the transfer function calculation mode and the normal operation mode. The indicator
device 53 includes a switch for the wearer to instruct the controller 50 to turn on/off the device.

[0045] In FIG. 7, as a system of the microphone 5-delay device 10-receiver 6 of FIGS. 1 and 4A, a
microphone 5 (this device also has the same external appearance as that of FIG. 1; the same applies
hereinafter), an amplifier 56, An A/D converter 57, a speech speed conversion/gain control device 58, a
D/A converter 59, an amplifier 60 and a receiver 6 are provided. A microphone 7-amplifier 61 and an
A/D converter 62 are provided as a system of the microphone 7 in FIGS. 1 and 4(A). Further, the
functions of the transfer function correction device 14, the difference processing device 13, and the
comparison operation device 11 of FIG. 4A are realized by software by the control device 50 and the
operation processing device 55. Further, this apparatus has a built-in sound source 54 for generating a
test sound signal in a transfer function calculation mode for calculating the transfer function of the ear
canal 4. The audio signal formed by the sound source 54 is output by the receiver 9 provided outside
and is received by the microphone 5.

[0046] When the instruction device 53 gives an instruction to turn on, the control unit 50 first sets the
transfer function mode, the control device 50 turns on the sound source 54, and instructs the arithmetic
processing device 55 to perform a transfer function arithmetic operation. The test sound signal formed
by the sound source 54 may be white noise or pink noise, but may be formed of another signal, for
example, an impulse or a waveform of a low frequency signal having a fixed frequency. The test sound
signal output from the sound source 54 is output from the receiver 9 and received by the microphone 5
and converted into an electric signal, and then the A/D converter 57, the speech speed conversion/gain
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control device 58, and the D/A conversion. It is emitted into the ear canal 4 through the container 59,
the amplifier 60, and the receiver 6. The test sound emitted into the ear canal 4 is detected by the
microphone 7 provided toward the ear canal 4. The output of the microphone 7 is input to the
arithmetic processing unit 55 via the amplifier 61 and the A/D converter 62. The arithmetic processing
unit 55 may be composed of a DSP or the like. On the other hand, the arithmetic processing unit 55 is
also supplied with the voice source 54 formed by the voice speed conversion/gain control unit 58 and
the voice speed converted from the test sound signal output from the receiver 9. The arithmetic
processing unit 35 compares the point C signal (the signal input from the speech speed conversion/gain
control unit 58) and the point B signal (the signal input from the A/D converter 62) as the transfer
function arithmetic operation, and The correction coefficient is calculated according to the difference in
the signal of. There are various methods for obtaining the correction coefficient, but for example, the
point A signal is A(k), the point B signal is B(k), and the error E(k) between A(k) and B(k) is zero as shown
in the following equation. Then, a function G(k) such that

[0047] G(k)-A(k)-B(k)=E(k) Once obtained, the function G(k) is in a relatively stable state unless the
device is removed from the ear canal. You just need to calculate. When the calculation is completed, the
calculation processing device 55 enters the standby state. When the control device 50 detects that the
arithmetic processing device 55 is in the standby state, the control device 50 stops the sound source 54
and instructs the arithmetic processing device 55 to perform a signal processing operation to switch to
the normal operation mode.

[0048] In the normal operation mode, when an external sound is input from the microphone 5, it passes
through the amplifier 56, the A/D converter 57, the speech speed conversion/gain control device 58, the
D/A converter 59, the amplifier 60, and the receiver after tsec. 6 is output to the ear canal 4. The
external sound output to the external auditory meatus 4 is received by the microphone 7 provided
toward the external auditory meatus 4, and is input to the arithmetic processing unit 55 via the amplifier
61 and the A/D converter 62. The arithmetic processing unit 55 to which the signal processing operation
is set convolves the transfer function G(k) obtained above with the pointC signal input from the speech
speed conversion/gain control unit 58, that is, the direct foreign voice signal. After that, a difference
calculation process is performed with the pointB signal, that is, the signal including the external audio
signal transmitted through the external auditory meatus 4. By this processing, the foreign voice
component is deleted from the pointB signal and only the self-speech voice component is extracted.
When the microphone 5 receives only the foreign voice, the self-speech voice component is 0, but when
self-speaking, the component of that level is extracted. When the arithmetic processing device 55
extracts the self-speech voice component, the control device 50 prohibits the voice speed
conversion/gain control device 58 from performing the voice speed conversion and controls the gain to
be small. As a result, the speech speed conversion for the self-speech is prohibited, and the self-speech
is smoothly performed.

[0049] In the above example, the output of the A/D converter 57 (pointA signal) may be input to the
arithmetic processing device 55 as a reference signal.

[0050] As a result, the speech speed conversion is desired to be applied to the foreign voice, but not to
the vocalized voice. When a person speaks, since the person controls the utterance while listening to
his/her own voice, there arises a problem that the person cannot speak well if the uttered speech is
delayed. Therefore, it is necessary to detect the utterance section and not apply the speech speed
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conversion process to the self-utterance. In addition, since the self-speech voice sounds louder than the
foreign voice, it is necessary to control the gain so as to have an appropriate volume.

[0051] In this way, since it is possible to separate the self-speech and the external sound with a simple
configuration, when this is used in a speech speed conversion hearing aid, it is used in the same cell
regardless of the shape of the ear canal of the wearer. be able to.

[0052] According to the present invention, since the external voice signal is canceled from the input
signal of the second microphone provided toward the ear canal to extract only the self-speech sound,
the structure is complicated. It is possible to extract only the self-speech voice from which the external
voice such as environmental noise is removed without using a bone conduction microphone whose
setting is delicate for each wearer.

[0053] Also, if this is used as a hearing aid, the speech speed conversion can be prohibited only in the
section of the self-speech voice, and a hearing aid that can easily speak can be configured.
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ired to respond to a collection of informa

PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERGCE

tion unless it displays a valid OMB control number.

APPLICATION AS FILED - PART |

Application or Docket Number Filing Date
PATENT APPLICé}ggﬂggig&gg&\g@mﬂoN RECORD 1 504 JRvA o 7o be Maied
ENTITY: (JLARGE SMALL [JMICRO

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
() BASIC FEE N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
(L] sEARCH FEE
(37 GFR 1.16(K), (i), or (m)) NiA NiA N/A
D EXAMINATION FEE
(37 CFR 1.16(0), (p), or (@) NiA NiA N/A
TOTAL CLAIMS . *
(37 CFR 1.16(i)) minus 20 = x 990 =
INDEPENDENT CLAIMS *
(37 GFR 1.16(h)) minus 3 = x $240 -
If the specification and drawings exceed 100 sheets
of paper, the application size fee due is $310 ($155
Dgipﬂuf/?gg\; SIZE FEE (37 for small entity) for each additional 50 sheets or
’ fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
D MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j))
* If the difference in column 1 is less than zero, enter "0" in column 2. TOTAL
APPLICATION AS AMENDED - PART I
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
- 04/07/2023 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
Total * ; *x - —
E (57 GrR 1 160) 1 Minus 20 =0 x $40 - 0
Z| B x
UEJ 27‘1'5%91?%5;2‘)‘ 1 Minus 3 =0 x $192 - 0
< ] Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
L | Total " ; *x - -
= |_@rcrri160) Minus — X $ 0 -
O | Independent N ; exs -
E (370FpR 1.16(h)) Minus N x $0 =
= | [ Application Size Fee (37 CFR 1.16(s))
< [_J FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR
1.16())
TOTAL ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3. LIE
“* |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20". /ALLYSON PURNELL/
*** If the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".

The "Highest Number Previously Paid For" (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-8198 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE PRESORTED

COMMISSIONER FOR PATENTS FIRST-CLASS MAIL

P.0.BOX 1450 U.S. POSTAGE PAID
- POSTEDIGITAL

ALEXANDRIA VA 22313-1451 NNNNIN

Akerman LLP

777 South Flagler Drive
Suite 1100 West Tower
West Palm Beach, FL 33401

Courtesy Reminder for
Application Serial No: 17/215,804

Attorney Docket No:

11472-39-5 CONT2-16247186

Customer Number: 150139

Date of Electronic Notification: 02/23/2023
This is a courtesy reminder that new correspondence is available for this
application. If you have not done so already, please review the
correspondence. The official date of notification of the outgoing
correspondence will be indicated on the form PTOL-90 accompanying the
correspondence.

An email notification regarding the correspondence was sent to the following
email address(es) associated with your customer number:
personics_docketing@cardinal-ip.com
jp-keady@techiya.co
ip@akerman.com

To view your correspondence online or update your email addresses, please
visit us anytime at https://ppair-my.uspto.gov/pair/PrivatePair.

If you have any questions, please email the Electronic Business Center (EBC)
at EBC@uspto.gov or call 1-866-217-9197.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

| EXAMINER |
150139 7590 02/21/2023
Akerman LLP LAO, LUNSEE
777 South Flagler Drive
Suite 1100 West Tower | ART UNIT PAPER NUMBER |
West Palm Beach, FL 33401 2651
DATE MAILED: 02/21/2023
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
17/215,804 03/29/2021 Steven Wayne Goldstein 11472-39-5_CONT2-16247186 9372

TITLE OF INVENTION: METHOD AND DEVICE FOR IN EAR CANAL ECHO SUPPRESSION

APPLN. TYPE ENTITY STATUS ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE

nonprovisional SMALL $480 $0.00 $0.00 $480 05/22/2023

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE MAILING
DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS STATUTORY PERIOD
CANNOT BE EXTENDED. SEE 35 U.S.C. 151. THE ISSUE FEE DUE INDICATED ABOVE DOES NOT REFLECT A CREDIT
FOR ANY PREVIOUSLY PAID ISSUE FEE IN THIS APPLICATION. IF AN ISSUE FEE HAS PREVIOUSLY BEEN PAID IN
THIS APPLICATION (AS SHOWN ABOVE), THE RETURN OF PART B OF THIS FORM WILL BE CONSIDERED A REQUEST
TO REAPPLY THE PREVIOUSLY PAID ISSUE FEE TOWARD THE ISSUE FEE NOW DUE.

HOW TO REPLY TO THIS NOTICE:

I. Review the ENTITY STATUS shown above. If the ENTITY STATUS is shown as SMALL or MICRO, verify whether entitlement to that
entity status still applies.

If the ENTITY STATUS is the same as shown above, pay the TOTAL FEE(S) DUE shown above.

If the ENTITY STATUS is changed from that shown above, on PART B - FEE(S) TRANSMITTAL, complete section number 5 titled
"Change in Entity Status (from status indicated above)".

For purposes of this notice, small entity fees are 40% the amount of undiscounted fees, and micro entity fees are 20% the amount of
undiscounted fees.

II. PART B - FEE(S) TRANSMITTAL, or its equivalent, must be completed and returned to the United States Patent and Trademark Office
(USPTO) with your ISSUE FEE and PUBLICATION FEE (if required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed. If an equivalent of Part B is filed, a request to reapply a previously paid issue fee must be
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B.

IIT. All communications regarding this application must give the application number. Please direct all communications prior to issuance to Mail
Stop ISSUE FEE unless advised to the contrary.

IMPORTANT REMINDER: Maintenance fees are due in utility patents issuing on applications filed on or after Dec. 12, 1980.
It is patentee's responsibility to ensure timely payment of maintenance fees when due. More information is available at
www.uspto.gov/PatentMaintenanceFees.

Page 1 of 3
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), by mail or fax, or via EFS-Web.

By mail, send to: Mail Stop ISSUE FEE By fax, send to:  (571)-273-2885
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where appropriate. All
further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected
below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
have its own certificate of mailing or transmission.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

150139 7590 02/21/2023 Certificate of Mailing or Transmission
Akerman LLP I hereby certify that this Fee(s) Transmittal is being deposited with the United
. States Postal Service with sufficient postage for first class mail in an envelope
777 South Flagler Drive addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
Suite 1100 West Tower the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
West Palm Beach, FL 33401 (Typed or printed name)
(Signature)
(Date)|
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
17/215,804 03/29/2021 Steven Wayne Goldstein 11472-39-5_CONT2-16247186 9372
TITLE OF INVENTION: METHOD AND DEVICE FOR IN EAR CANAL ECHO SUPPRESSION
| APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $480 $0.00 $0.00 $480 05/22/2023

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
LAO, LUNSEE 2651 381-066000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

M| Change of correspondence address (or Change of Correspondence

Address form PTO/AIA/122 or PTO/SB/122) attached. (2) The name of a single firm (having as a member 2

registered attorney or agent) and the names of upto 2

O e . P 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.

AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

3. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

Please check the appropriate assignee category or categories (will not be printed on the patent) : (] Individual [ Corporation or other private group entity (J Government

4a. Fees submitted: [MIssue Fee (JPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)

(] Blectronic Payment via EFS-Web [ Enclosed check (] Non-electronic payment by credit card (Attach form PTO-2038)

(L The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit Account No.

5. Change in Entity Status (from status indicated above)

NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

M| Applicant certifying micro entity status. See 37 CFR 1.29

M| Applicant asserting small entity status. See 37 CFR 1.27

M| Applicant changing to regular undiscounted fee status.

NOTE: This form must be signed in accordance with 37 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.

Authorized Signature Date
Typed or printed name Registration No.
Page 2 of 3
PTOL-85 Part B (08-18) Approved for use through 01/31/2020 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpto.gov

I APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
17/215,804 03/29/2021 Steven Wayne Goldstein 11472-39-5_CONT2-16247186 9372
| EXAMINER |
150139 7590 02/21/2023
Akerman LLP LAO, LUNSEE
777 South Flagler Drive
Suite 1100 West Tower | ART UNIT PAPER NUMBER |
West Palm Beach, FL 33401 2651

DATE MAILED: 02/21/2023

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(Applications filed on or after May 29, 2000)

The Office has discontinued providing a Patent Term Adjustment (PTA) calculation with the Notice of Allowance.

Section 1(h)(2) of the AIA Technical Corrections Act amended 35 U.S.C. 154(b)(3)(B)(i) to eliminate the requirement
that the Office provide a patent term adjustment determination with the notice of allowance. See Revisions to Patent
Term Adjustment, 78 Fed. Reg. 19416, 19417 (Apr. 1, 2013). Therefore, the Office is no longer providing an initial
patent term adjustment determination with the notice of allowance. The Office will continue to provide a patent term
adjustment determination with the Issue Notification Letter that is mailed to applicant approximately three weeks prior
to the issue date of the patent, and will include the patent term adjustment on the patent. Any request for reconsideration
of the patent term adjustment determination (or reinstatement of patent term adjustment) should follow the process
outlined in 37 CFR 1.705.

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at 1-(888)-786-0101 or (571)-272-4200.

Page 3 of 3
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OMB Clearance and PRA Burden Statement for PTOL-85 Part B

The Paperwork Reduction Act (PRA) of 1995 requires Federal agencies to obtain Office of Management and Budget
approval before requesting most types of information from the public. When OMB approves an agency request to
collect information from the public, OMB (i) provides a valid OMB Control Number and expiration date for the
agency to display on the instrument that will be used to collect the information and (ii) requires the agency to inform
the public about the OMB Control Number’s legal significance in accordance with 5 CFR 1320.5(b).

The information collected by PTOL-85 Part B is required by 37 CFR 1.311. The information is required to obtain
or retain a benefit by the public which is to file (and by the USPTO to process) an application. Confidentiality is
governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon
the individual case. Any comments on the amount of time you require to complete this form and/or suggestions
for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office,
U.S. Department of Commerce, P.O. Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
Virginia 22313-1450. Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection
of information unless it displays a valid OMB control number.

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the requirements
of the Act, please be advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)
(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the information
is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related to a patent
application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark Office may not
be able to process and/or examine your submission, which may result in termination of proceedings or abandonment
of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1. The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5§ U.S.C 552a). Records from this system of records may
be disclosed to the Department of Justice to determine whether disclosure of these records is required by the
Freedom of Information Act.

2. A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence
to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of
settlement negotiations.

3. A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting
a request involving an individual, to whom the record pertains, when the individual has requested assistance
from the Member with respect to the subject matter of the record.

4. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having
need for the information in order to perform a contract. Recipients of information shall be required to comply
with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

5. A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

6. A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

7. Arecord from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility
to recommend improvements in records management practices and programs, under authority of 44 U.S.C.
2904 and 2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection
of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall
not be used to make determinations about individuals.

8. A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed
in an application which became abandoned or in which the proceedings were terminated and which application
is referenced by either a published application, an application open to public inspection or an issued patent.

9. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Application No. Applicant(s)
) B 17/215,804 Goldstein et al.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
LUNSEE LAO 2651 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.
1.4) This communication is responsive to 01-06-2023.

[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

2.[J An election was made by the applicant in response to a restriction requirement set forth during the interview on ; the
restriction requirement and election have been incorporated into this action.

3. The allowed claim(s) is/are 1,3-6,9-13 and 15 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent
Prosecution Highway program at a participating intellectual property office for the corresponding application. For more information
, please see http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
4. Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a) Al b) (J Some* ¢) [J None of the:
1. (O Certified copies of the priority documents have been received.
2. [J Certified copies of the priority documents have been received in Application No. ___
3. [J Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).

* Certified copies not received:

Applicant has THREE MONTHS FROM THE "MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

5] CORRECTED DRAWINGS (as "replacement sheets") must be submitted.

(3O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date .

Identifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of each
sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6..] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)

1.} Notice of References Cited (PTO-892) 5. (J Examiner's Amendment/Comment

2.0 Information Disclosure Statements (PTO/SB/08), 6. ¥} Examiner's Statement of Reasons for Allowance
Paper No./Mail Date .

3.0 Examiner's Comment Regarding Requirement for Deposit 7. (J Other .

of Biological Material
4.0 Interview Summary (PTO-413),
Paper No./Mail Date.

/LUN-SEE LAO/
Primary Examiner, Art Unit 2651

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20230203
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Application/Control Number: 17/215,804 Page 2
Art Unit: 2651

Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

DETAILED ACTION
Introduction
2. This action responds to the amendment filed on 01-06-2023. Claims 1, 6 and 10-
13 have been amended and claims 2, 7, 8, and 14 cancelled and claim 15 has been

added. Claims 1, 3-6 9-13 and 15 are pending.

Allowable Subject Matter

3. Claims 1, 3-6 9-13 and 15 are allowed over prior art record.

4. The following is an examiner's statement of reasons for allowance:

The amendment filed on 01-06-2023 have been carefully reviewed with updated
search. Consequently, reasons for allowance of Claims 1, 3-6 9-13 and 15 are set forth
in according to the applicant's amendment state on pages 7-14.

Any comments considered necessary by applicant must be submitted no later than the
payment of the issue fee and, to avoid processing delays, should preferably accompany
the issue fee. Such submissions should be clearly labeled "Comments on Statement of

Reasons for Allowance."
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Application/Control Number: 17/215,804 Page 3
Art Unit: 2651

Conclusion
5. The prior art made of record and not relied upon is considered pertinent to
applicant’s disclosure. Yang et al. (US 2019/0227767) is cited to show other related the

METHOD AND DEVICE FOR IN EAR CANAL ECHO SUPPRESSION.

EXAMINER'S COMMENT
6. Applicant should note that this application is co-pending with US number
US 2021/0211801 and since it appears that this application may issue first,
applicant should take care to address any double-patenting issues

that may remain in the 11/215,804 application.

7. Any response to this action should be mailed to:

Mail Stop (explanation, e.g., Amendment or After-final, etc.)

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Facsimile responses should be faxed to:
(571) 273-8300
Hand-delivered responses should be brought to:
Customer Service Window
Randolph Building
401 Dulany Street
Alexandria, VA 22314

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to Lao,Lun-See whose telephone number is (571) 272-7501 The examiner
can normally be reached on Monday-Friday from 8:00 to 5:30.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's

supervisor, Nguyen Duc M(SPE), can be reached on (571) 272-7503.
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Application/Control Number: 17/215,804 Page 4
Art Unit: 2651

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the Technology Center 2600 whose telephone number is (571) 272-2600.

/LUN-SEE LAQ/

Primary Examiner, Art Unit 2651
US Patent and Trademark Office
Knox

571-272-7501

Date 02-03-2023
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Notice of References Cited

17/215,804

Application/Control No.

Reexamination
Goldstein et al.

Applicant(s)/Patent Under

Examiner
LUNSEE LAO

Art Unit
2651

Page 1 of 1

U.S. PATENT DOCUMENTS

* Countzog;jgg?ﬁ:r?bL;TEilewL Code MIVEI)- $$YY Name CPC Classification US Classification
* [ A | Us-20190227767-A1 07-2019 Yang; Lin HO04M1/725 171
* B | US-20210211801-A1 07-2021 Perez; Moises HO4R1/1041 171

C

D

E

F

G

H

|

J

K

L

M

FOREIGN PATENT DOCUMENTS

* COUmg"g:ggi?:ﬁ’:‘;Tg:g Code Ml\?» ?}?{YY Country Name CPC Classification
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Q

R

S

T

NON-PATENT DOCUMENTS
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Operator Equivalents

L1 198 voice SAME activity (US-PGPUB; USPAT; |OR ON ON 2022/10/14
SAME internal SAME  |USOCR; FIT (AU, AP, 02:34 PM
level SAME background (AT, BE, BG, BR, BY,

SAME noise CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L2 61 voice SAME activity (US-PGPUB; USPAT; |OR ON ON 2022/10/14
SAME internal SAME |USOCR) 02:41 PM
level SAME background
SAME noise

L3 59 L2 AND ( (HO4R3/005 |(US-PGPUB; USPAT; |OR ON ON 2022/10/14
OR H04R1/1016 OR USOCR) 02:42 PM
H04R25/02 OR
HO04R3/00 OR
H04R1/1041 OR
HO04R1/1083 OR
H04R2201/107 OR
HO04R2410/05 OR
H04R25/505 OR
H04R29/004 OR
H04R2460/01 OR
H04R3/02 OR
H04R1/08 OR
H04R2430/01 OR
H04R25/50 OR
H04R3/002 OR
H04R2460/05 OR
H04R3/04 OR
HO04R25/453 OR
H04R2499/13 OR
H04R1/10 OR
H04R2420/07 OR
H04R2499/11 OR
H04R25/305 OR
H04R5/04 OR
H04R2460/07 OR
H04R2460/15 OR
G10L25/78 OR
G10L2021/02087 OR
G10L21/0264 OR
G10L15/20 OR
G10L19/00 OR
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L4 10

L5 10

L6 300

G10L15/22 OR
G10L17/00 OR
G10L2015/223 OR
G10L25/06 OR
G10L21/0208 OR
HO4N1/00411 OR
HO4N21/4312 OR
HO4W4/02 OR
HO4W4/021 OR
HO4\W4/029 OR
H04S1/002 OR
H04S3/02 OR
G10K11/17819 OR
G10K11/17823 OR
G10K11/17881 OR
G10K11/17885 OR
G10K2210/1081).cpc.)

generat$3 SAME voice
SAME activity SAME
(background OR
ambient) SAME noise
SAME mix$3 SAME
ratio SAME ear SAME
canal

L4 AND ( (H04R1/1016
OR H04R25/02 OR
HO04R3/002 OR
H04R25/453 OR
H04R2460/01 OR
HO4R3/02 OR
H04R2201/107 OR
H04R2460/05 OR
HO4R3/005 OR
HO4R1/1041 OR
HO4R1/1083 OR
HO04R2460/15 OR
H04M3/568 OR
H04M9/08 OR
G10K11/17819 OR
G10K11/17823 OR
G10K11/17881 OR
G10K11/17885 OR
G10K2210/1081).cpc.)

"8600085," "9584896,"
"9270244,"
"9936297,9508335,"
"10499139," "8798283,"
"9953626"

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, S|, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/10/14
02:45 PM

2022/10/14
02:48 PM

2022/10/14
03:51 PM
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Workspace: 17215804

Exhibit 1004
Page 0512 of 1251

Page 2 of 28

LL




L7

L8

L9

L10

40

10

77

18

"11057701,"
"10182289,"

"11057701"

"8526645," "8081780"

"20170345406,"
"20140241553,
"20070177741,"
20080205664’
"20110103606,"
"20170345406"

JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CcU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO:;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, Cs, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/10/114
03:53 PM

2022/10/14
03:55 PM

2022/10/14
03:58 PM

2022/10/14
04:02 PM

02/03/2023 02:54:55 PM
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"6804638," "6163508,"
"6400652," "7433714,"
"7562020," "9135797,"
"9123343," "7756285"

"5903868," "3876843,"
"5208867," "6226389,"
"8493204," "6661901,"
"7430299," "6567524,"
"7107109," "4947440,"
"9037458"

"4054749," "6298323,"
"6804643," "6163338,"
"6748238," "6021325,"
"8750295," "7920557,"
"20030265246"

IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT:
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/10/14
04:05 PM

2022/10/114
04:13 PM

2022/10/14
04:15 PM

L11 298
L12 1016
L13 461
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L14 74 "20050288057," (US-PGPUB; USPAT; |OR ON ON 2022/10/14
"20060195322," USOCR; FIT (AU, AP, 04:17 PM
"20070043563," AT, BE, BG, BR, BY,

"20010046304," CA, CH, CN, CS, CU,
"20070189544," Cz, DD, DE, DK, EA,
"20060092043," EE, EP, ES, FI, FR, GB,
"20020106091," HR, HU, ID, IE, IL, IS,
"20040109668," IT, JP, KR, LT, LU, LV,
"20020118798," MA, OA, RU, SU, WO,
"20040042103," MC, MD, MY, NL, NO,
"20030161097" NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L15 76 "20160104452," (US-PGPUB; USPAT; |OR ON ON 2022/10/14
"20040203351," USOCR; FIT (AU, AP, 04:19 PM
"20080165988," AT, BE, BG, BR, BY,

"20070291953," CA, CH, CN, CS, CU,
"20110096939," Cz, DD, DE, DK, EA,
"20060067551," EE, EP, ES, FI, FR, GB,
"20090024234," HR, HU, ID, IE, IL, IS,
"20090010456," IT, JP, KR, LT, LU, LV,
"20070086600," MA, OA, RU, SU, WO,
"20040190737," MC, MD, MY, NL, NO,
"20040196992" Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L16 22 "20050123146," (US-PGPUB; USPAT; |OR ON ON 2022/10/14
"20040125965," USOCR; FIT (AU, AP, 04:25 PM
"20060083395," AT, BE, BG, BR, BY,

"20110264447," CA, CH, CN, CS, CU,

"20100296668,"201102 |CZ, DD, DE, DK, EA,

93103 EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L17 298 "6804638," "6163508," |(US-PGPUB; USPAT; |OR ON ON 2022/10/14
"6400652," "7433714," |USOCR; FIT (AU, AP, 04:33 PM
"7562020," "9135797," |AT, BE, BG, BR, BY,

"9123343," "7756285" |CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
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L18 1016

L19 461

L20 383

L21 1127

"5903868," "3876843,"
"5208867," "6226389,"
"8493204," "6661901,"
"7430299," "6567524,"
"7107109," "4947440,"
"9037458"

"4054749," "6298323,"
"6804643," "6163338,"
"6748238," "6021325,"
"8750295," "7920557,"
"20030265246"

"7177433," "9053697,"
"7903826," "8150044,"
"8577062," "8774433,"
"8855343," "9191740,"
"9628896," "5577511,"
"6056698"

"5317273," "8162846,"
"7280849," "8045840,"

MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO:
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR: FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO:;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/10/14
04:36 PM

2022/10/14
04:37 PM

2022/10/14
04:40 PM

2022/10/114
04:48 PM

02/03/2023 02:54:55 PM
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"6028514," "6408272," |AT, BE, BG, BR, BY,

"20030165246," CA, CH, CN, CS, CU,

"20050288057," Cz, DD, DE, DK, EA,

"20060195322" EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L22 79 "20070043563," (US-PGPUB; USPAT; |OR ON ON 2022/10/14
"20010046304," USOCR; FIT (AU, AP, 04:50 PM
"20070189544," AT, BE, BG, BR, BY,

"20060092043," CA, CH, CN, CS, CU,
"20020106091," Cz, DD, DE, DK, EA,
"20040109668," EE, EP, ES, FI, FR, GB,
"20020118798," HR, HU, ID, IE, IL, IS,
"20040042103," IT, JP, KR, LT, LU, LV,
"20030161097," MA, OA, RU, SU, WO,
"20160104452," MC, MD, MY, NL, NO,
"20040203351" Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L23 76 "20080165988," (US-PGPUB; USPAT; |OR ON ON 2022/10/14
"20070291953," USOCR; FIT (AU, AP, 04:52 PM
"20110096939," AT, BE, BG, BR, BY,

"20060067551," CA, CH, CN, CS, CU,
"20090024234," Cz, DD, DE, DK, EA,
"20090010456," EE, EP, ES, FI, FR, GB,
"20070086600," HR, HU, ID, IE, IL, IS,
"20040190737," IT, JP, KR, LT, LU, LV,
"20040196992," MA, OA, RU, SU, WO,
"20050123146," MC, MD, MY, NL, NO,
"20040125965" Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L24 64 "20060083395," (US-PGPUB; USPAT; |OR ON ON 2022/10/14
"20110264447," USOCR; FIT (AU, AP, 04:54 PM
"20100296668," AT, BE, BG, BR, BY,

"20110293103," CA, CH, CN, CS, CU,
"20100061564," Cz, DD, DE, DK, EA,
"20050058313," EE, EP, ES, FI, FR, GB,
"20140122092," HR, HU, ID, IE, IL, IS,
"20090286515," IT, JP, KR, LT, LU, LV,
"20060173563," MA, OA, RU, SU, WO,
"20090076821," MC, MD, MY, NL, NO,
"20050281423" Nz, PH, PL, PT, RO,
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L25 55

L26 877

L27 8

L28 511

"20030130016,"
20050207605,
"20070143820,"
"20110055256,'
"20060182287,
"20030198359,’
"20070086600,"
"20060287014,"
"20100119077"

"6359993," "7072482,"
"7778434," "5524056,"
"6415034,8014553,"
"408849," "7209569"

(US-20220823-$ | Us-
6415034-$ | US-
6754359-$ | US-
20050058313-$ | US-
20050168824-$).DID.

"20030161097."
"6728385," "6163338,"
"6804638,"
"20040042103,"

RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, Cs, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, Sl, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ,DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/10/14
05:02 PM

2022/10/14
05:10 PM

2022/10/14
05:13 PM

2022/10/15
03:01 PM

02/03/2023 02:54:55 PM
Workspace: 17215804
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L29

L30

L31

L32

L33

183

29

877

"20010046304"

"6754359"

"20070021958,"
"20080037801,"
"20020111798"

"20070021958,"
"20080037801,"
"20020111798"

"20060204014,"
"20050078838"

"6359993," "7072482,"
"7778434," "5524056,"
"6415034,8014553,"
"408849," "7209569"

Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO:;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, Cs, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2022/10/15
03:03 PM

2022/10/115
03:07 PM

2022/10/115
03:08 PM

2022/10/15
03:08 PM

2022/10/115
03:46 PM

02/03/2023 02:54:55 PM
Workspace: 17215804
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L34 183

L35 20

L36 873

"6754359"

(US-6021207-$ | US-
6081732-$ | US-
6118878-$ | US-
5131032-$ | US-
6169912-$ | US-
6570985-$ | US-
5692059-$ | US-
6738482-$ | US-
6760453-$ | US-
5963901-$).DID.

"6754359," "6021207,"
"5267321," "7477756,"
"7450730," "6567524,"
"6728385," "8140325,"
"8983081," "5327506"

IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT:
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/10/115
03:49 PM

2022/10/15
03:52 PM

2022/10/15
03:55 PM

02/03/2023 02:54:55 PM
Workspace: 17215804
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L37 559 "5933510," "8086093," |(US-PGPUB; USPAT; |OR ON ON 2022/10/15
"7039585," "6606598," |USOCR; FIT (AU, AP, 03:58 PM
"6005525," re3851, AT, BE, BG, BR, BY,

"7903825," "8014553," |CA, CH, CN, CS, CU,

"8160261," "6639987," |CZ, DD, DE, DK, EA,

"5923624" EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L38 436 "8160273," "7464029," |(US-PGPUB; USPAT; |OR ON ON 2022/10/15
"7983907," "8254591," |USOCR; FIT (AU, AP, 04:03 PM
"8718305," "8798278," |AT, BE, BG, BR, BY,

"8917894," "8625818," |CA, CH, CN, CS, CU,

"9491542," "8218784," |CZ, DD, DE, DK, EA,

"6118877" EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L39 295 "7050592," "8401200," |(US-PGPUB; USPAT; |OR ON ON 2022/10/15
"9196247," "7574917," |USOCR; FIT (AU, AP, 04:05 PM
"5276740," AT, BE, BG, BR, BY,

"20030165246," CA, CH, CN, CS, CU,

"20080037801," Cz, DD, DE, DK, EA,

"20060204014," EE, EP, ES, FI, FR, GB,

"20050078838" HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L40 43 "20070036377," (US-PGPUB; USPAT; |OR ON ON 2022/10/15
"20020165719," USOCR; FIT (AU, AP, 04:08 PM
"20060140425," AT, BE, BG, BR, BY,

"20030152359," CA, CH, CN, CS, CU,
"20070003090," Cz, DD, DE, DK, EA,
"20030165319," EE, EP, ES, FI, FR, GB,
"20070255435," HR, HU, ID, IE, IL, IS,
"20040264938," IT, JP, KR, LT, LU, LV,
"20060264176," MA, OA, RU, SU, WO,
02/03/2023 02:54.55 PM Page 11 of 28
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L41 82

L42 44

L43 208

L44 1016

"20040109579,"
"20060167687"

"20060083390,"
"20050068171,'
"20050028212,
"20080145032,
"20020098878,
"20060188075,"
"20140023203,
"20060188105,"
20020076057,
"20110116643,"
"20150215701"

"20140163976,
"20080137873,
"20090122996,"
"20040086138,"
"20070021958,'
"20020111798"

"6804638," "6163508,"
"6400652," "7433714,"
"7562020," "9135797,"
"9123343," "7756285"

"5903868," "3876843,"
"5208867," "6226389,"

MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO:
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR: FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO:;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/10/115
04:10 PM

2022/10/115
04:14 PM

2022/10/15
05:11 PM

2022/10/115
05:13 PM

02/03/2023 02:54:55 PM
Workspace: 17215804
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"8493204," "6661901," |AT, BE, BG, BR, BY,

"7430299," "6567524," |CA, CH, CN, CS, CU,

"7107109," "4947440," |CZ, DD, DE, DK, EA,

"9037458" EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L45 461 "4054749," "6298323," |(US-PGPUB; USPAT; |OR ON ON 2022/10117
"6804643," "6163338," |USOCR; FIT (AP, AT, 09:39 AM
"6748238," "6021325," |AU, BE, BG, BR, BY,

"8750295," "7920557," |CA, CH, CN, CS, CU,

"20030265246" Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L46 74 "20050288057," (US-PGPUB; USPAT; |OR ON ON 2022/10117
"20060195322," USOCR; FIT (AU, AP, 10:26 AM
"20070043563," AT, BE, BG, BR, BY,

"20010046304," CA, CH, CN, CS, CU,
"20070189544," Cz, DD, DE, DK, EA,
"20060092043," EE, EP, ES, FI, FR, GB,
"20020106091," HR, HU, ID, IE, IL, IS,
"20040109668," IT, JP, KR, LT, LU, LV,
"20020118798," MA, OA, RU, SU, WO,
"20040042103," MC, MD, MY, NL, NO,
"20030161097" Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L47 76 "20160104452," (US-PGPUB; USPAT; |OR ON ON 2022/10117
"20040203351," USOCR; FIT (AU, AP, 10:34 AM
"20080165988," AT, BE, BG, BR, BY,

"20070291953," CA, CH, CN, CS, CU,
"20110096939," Cz, DD, DE, DK, EA,
"20060067551," EE, EP, ES, FI, FR, GB,
"20090024234," HR, HU, ID, IE, IL, IS,
"20090010456," IT, JP, KR, LT, LU, LV,
"20070086600," MA, OA, RU, SU, WO,
"20040190737," MC, MD, MY, NL, NO,
"20040196992" Nz, PH, PL, PT, RO,
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L48 25

L49 10

L50 16

L51 530

"20050123146,"
"20040125965,"
"20060083395,"
"20110264447."
"20100296668,"

"8045840"

(US-4809262-$|US-
5259033-$|US-
6304648-$|US-
6381572-$|US-
6647368-$|US-
6754359-$|US-
6870807-$|US-
5999828-$).DID.

"7236580," "7783054,"
"7986802," "8060366,"
"8275145," "8380521,"
"8401178," "8838184,"

RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, Cs, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, Sl, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/10117
10:40 AM

2022/10117
10:43 AM

2022/10117
10:48 AM

2022/10117
02:44 PM

02/03/2023 02:54:55 PM
Workspace: 17215804
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L52 1423

L53 648

L54 58

"7039195," "8081780,"
"6728385"

"6738482," "6081732,"
"6169912," "6570985,"
"7349353," "5131032,"
"6760453," "5963901,"
"6021207," "5692059,"
"6118878"

"6631196," "7817803,"
"8027481," "5796819,"
"703608," "7004097,"
"6466666,"
"20080037801,"
"20010046304"

"20030112947,"
"20040137969,"
"20050102133,"
"20060062395,"
"20070291953,’
"20080019539,"
"20090147966,’
"20120184337,"
"20130051543,
"20140370838,"
"20150288823"

Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO:;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/10117
02:50 PM

2022/10117
02:53 PM

2022/10117
03:00 PM

02/03/2023 02:54:55 PM
Workspace: 17215804
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L55 64

L56 8

L57 31

L58 6348

"20090010444,"
"20050058313,’
"20050069161,"
"20070189544
"20040202340,"
"20090034748,
"20070036342,
"20060067512"

(US-20220823-$ | Us-
6415034-$ | US-
6754359-$ | US-
20050058313-$ | Us-
20050168824-$).DID.

"1385324"

Jens.inv. AND
background AND noise

VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT:
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/10117
03:04 PM

2022/10/118
10:09 AM

2022/10/118
10:24 AM

2022/10/18
10:33 AM
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Jens Erik.inv. AND
background AND noise

"6,754,359"

"6754359"

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, Cs, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ,DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/10/18
10:36 AM

2022/10/118
01:09 PM

2022/10/118
01:09 PM

L59 375220
L60 18

L61 183
02/03/2023 02:54:55 PM
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IBM_TDB)

L62 35 "8526645" (US-PGPUB; USPAT; |OR ON ON 2022/10/18
USOCR; FIT (AU, AP, 02:06 PM
AT, BE, BG, BR, BY,

CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L63 19 ("5182774" | "8526645" |(US-PGPUB; USPAT; |OR ON ON 2022/10/18
| "9173045" | "9729957" |USOCR) 02:06 PM
| "9749732" |
"20070098187" |
"20080107287" |
"20100002891" |
"20110280411" |
"20140254828" |
"20140294191" |
"20150010158" |
"20150023515" |
"20160232889" |
"20170223443" |
"20170245045" |
"20180122400" |
"20180288546" |
"20190313196").pn. OR
("11206003").urpn.

AND (PGPB | USPT |
USOC).dbnm.

L64 51 "8081780" (US-PGPUB; USPAT; |OR ON ON 2022/10/18
USOCR) 02:09 PM

L65 141 ("2850012" | "2876767" [(US-PGPUB; USPAT; |OR ON ON 2022/10/18
| "3110356" | "3505999" |USOCR) 02:10 PM
| "3602654" | "4006796"
| "4029083" | "4060080"
| "4834211" | "4896679"
| "4913165" | "5131411"
| "5333622" | "6256396"
| "6368288" | "6368289"
| "6440102" | "7171371"
| "7756281" | "7779844"
| "7817803" | "7822219"
| "7886745" | "7913696"
| "8018328" | "8047207"
| "8081780" | "8111839"
| "8142870" | "8150043"
| "8150044" | "8170228"
| "8194864" | "8194865"
| "8199919" | "8208644"

02/03/2023 02:54.55 PM Page 18 of 28
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| "8208652" | "8213629"
| "8213649" | "8221860"
| "8221861" | "8229128"
| "8251925" | "8311228"
| "8312960" | "8315400"
| "8319620" | "8326628"
| "8326635" | "8437492"
| "8447031" | "8499886"
| "9479859" | "9485595"
| "10917711" |
"11102563" |
"20020143242" |
"20070270988" |
"20080015463" |
"20080031475" |
"20080037797" |
"20080046246" |
"20080130906" |
"20080137873" |
"20080144840" |
"20080144841" |
"20080144842" |
"20080176289" |
"20080178088" |
"20080181419" |
"20080181442" |
"20080205660" |
"20080212787" |
"20080219456" |
"20080219486" |
"20080240458" |
"20080253583" |
"20080267416" |
"20080299339" |
"20080311324" |
"20090016541" |
"20090016542" |
"20090022294" |
"20090022353" |
"20090028356" |
"20090034765" |
"20090067661" |
"20090071486" |
"20090071487" |
"20090101433" |
"20090130423" |
"20090146799" |
"20090147966" |
"20090154748" |
"20090155518" |
"20090192407" |
"20090214072" |
"20090220096" |
"20090238374" |
"20090238386" |
"20090240497" |
"20090245530" |
"20090264161" |

02/03/2023 02:54:55 PM
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"20090290721" |
"20100002897" |
"20100012420" |
"20100033313" |
"20100071707" |
"20100074451"
"20100076793" |
"20100135502" |
"20100142715" |
"20100142725" |
"20100177918" |
"20100241256" |
"20100322454" |
"20110079227" |
"20110085689" |
"20110115626" |
"20110228963" |
"20110235843" |
"20110311079" |
"20120101514" |
"20120103346" |
"20120123573" |
"20120177209" |
"20120177210" |
"20120288104" |
"20130035608" |
"20130039518" |
"20130098706" |
"20130123919" |
"20160057551"
"20190111456"
"20200314519" |
"20210152924" |
"20210243514").pn. OR
("11477560").urpn
AND (PGPB | USPT |
USOC).dbnm.

L66 98 "6415034"

L67 2 "20050168824"

L68 97 (audio adj3 content)

SAME voice SAME

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/10/18
03:29 PM

2022/10119
11:53 AM

2022/10119
12:14 PM

02/03/2023 02:54:55 PM
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activity SAME threshold |AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SlI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L69 50 (audio adj3 content) (US-PGPUB; USPAT; |OR ON ON 2022/10/19
SAME (voice adj3 USOCR; FIT (AP, AT, 12:47 PM
activity) SAME AU, BE, BG, BR, BY,
threshold CA,CH,CN, CSs, CU,

CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SlI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L70 21 (audio adj3 content) (US-PGPUB; USPAT; |OR ON ON 2022/10/19
SAME (voice adj3 USOCR) 12:49 PM
activity) SAME
threshold

L71 36 (audio adj3 content) (US-PGPUB; USPAT; |OR ON ON 2022/10/19
SAME (voice SAME USOCR) 12:50 PM
activity) SAME
threshold

L72 292 (audio adj3 content) (US-PGPUB; USPAT; |OR ON ON 2022/10/19
SAME (voice adj3 USOCR) 12:51 PM
activity)

L73 274 L72 AND ( (H04R3/005 [(US-PGPUB; USPAT; [(OR ON ON 2022/10/19
OR HO04R1/1041 OR USOCR) 01:03 PM
HO04R1/1016 OR
H04R1/1083 OR
H04R2420/07 OR
HO04R3/00 OR
H04R25/505 OR
H04R2410/05 OR
H04R25/02 OR
H04R3/002 OR
H04R2201/107 OR
H04R2430/01 OR
H04R29/008 OR
H04R2460/01 OR
H04R2460/05 OR

02/03/2023 02:54.55 PM Page 21 of 28
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H04R2460/15 OR
H04R2499/13 OR
H04R29/004 OR
HO04R1/08 OR
H04R29/00 OR
H04R25/554 OR
H04R2225/55 OR
H04R2430/03 OR
H04R25/43 OR
H04R25/50 OR
H04R29/001 OR
H04R3/02 OR
HO04R1/1075 OR
HO04R1/406 OR
HO04R3/04 OR
H04R2420/01 OR
H04R25/407 OR
H04R25/453 OR
H04R2499/11 OR
HO04R1/10 OR
H04R2225/41 OR
H04R2225/43 OR
H04R2460/09 OR
HO04R25/40 OR
H04R25/558 OR
H04R25/604 OR
H04R25/652 OR
H04R1/028 OR
H04R2201/401 OR
H04R2225/61 OR
H04R2460/13 OR
H04R25/305 OR
H04R25/65 OR
H04R5/04 OR
HO04R1/02 OR
H04R2225/023 OR
H04R2225/025 OR
H04R2225/39 OR
H04R2430/20 OR
H04R2430/21 OR
H04R2460/11 OR
HO04R25/405 OR
H04R25/48 OR
H04R25/603 OR
H04R1/1091 OR
H04R2201/028 OR
H04R2201/103 OR
H04R2201/109 OR
H04R2227/003 OR
H04R2227/009 OR
H04R25/30 OR
H04R25/552 OR
H04R27/00 OR
H04R29/005 OR
H04R5/027 OR
G10L25/78 OR
G10L19/09 OR
G10L19/005 OR

02/03/2023 02:54:55 PM
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G10L19/06 OR
G10L2019/0011 OR
G10L19/012 OR
G10L19/002 OR
G10L19/0212 OR
G10L19/07 OR
G10L19/083 OR
G10L19/12 OR
G10L19/22 OR
G10L2019/0002 OR
G10L2019/0016 OR
G10L21/0208 OR
G10L156/22 OR
G10L2021/02087 OR
G10L15/20 OR
G10L21/0264 OR
G10L21/02 OR
G10L21/0364 OR
G10L25/51 OR
G10L15/00 OR
G10L17/00 OR
G10L19/00 OR
G10L19/008 OR
G10L2015/223 OR
G10L15/30 OR
G10L17/04 OR
G10L21/0216 OR
G10L21/0272 OR
G10L15/26 OR
G10L19/018 OR
G10L2021/02082 OR
G10L2021/02165 OR
G10L2025/937 OR
G10L25/84 OR
G10L15/065 OR
G10L19/04 OR
G10L19/107 OR
G10L19/26 OR
G10L19/265 OR
G10L2015/227 OR
G10L2015/228 OR
G10L2021/02166 OR
G10L2021/02168 OR
G10L21/0232 OR
G10L25/03 OR
G10L25/30 OR
G10L13/027 OR
G10L19/0204 OR
G10L2015/088 OR
G10L2025/932 OR
G10L25/06 OR
G10L25/21 OR
G10L25/93 OR
G10L15/005 OR
G10L15/063 OR
G10L15/16 OR
G10L15/1815 OR
G10L15/1822 OR
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G10L17/08 OR
G10L17/24 OR
G10L19/032 OR
G10L19/035 OR
G10L19/167 OR
G10L19/173 OR
G10L19/24 OR
G10L2015/025 OR
G10L2019/0014 OR
G10L2025/783 OR
G10L21/00 OR
G10L21/003 OR
G10L21/0316 OR
G10L21/0324 OR
G10L21/0356 OR
G10L21/10 OR
G10L25/18 OR
G10L25/24 OR
G10L25/54 OR
G10L25/57 OR
G10L25/81 OR
G10L15/01 OR
G10L15/04 OR
G10L15/08 OR
G10L15/25 OR
G10L17/18 OR
G10L17/22 OR
G10L19/0017 OR
G10L19/20 OR
G10L2025/786 OR
G10L21/034 OR
G10L25/60 OR
H04M3/568 OR
H04M9/08 OR
H04M1/6008 OR
H04M1/6066 OR
H04M1/22 OR
H04M1/72412 OR
H04M1/82 OR
H04M19/04 OR
H04M19/048 OR
H04M1/60 OR
H04M7/0084 OR
H04M9/082 OR
H04M1/575 OR
H04M1/724 OR
HO04M1/72469 OR
H04M2201/41 OR
H04M2203/6045 OR
H04M2250/12 OR
H04M3/567 OR
H04M9/085 OR
H04M1/0202 OR
H04M1/03 OR
H04M1/2535 OR
H04M1/271 OR
H04M1/6083 OR
H04M2250/10 OR
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H04M2250/52 OR
H04M3/20 OR
H04M3/428 OR
H04M3/4285 OR
H04M3/56 OR
HO04N5/23238 OR
HO04N21/4394 OR
HO04N5/2628 OR
H04N21/44008 OR
HO04N5/2252 OR
HO04N5/23267 OR
H04N21/8456 OR
HO04N5/23218 OR
HO04N13/111 OR
HO04N21/233 OR
HO04N21/43072 OR
H04N21/4316 OR
HO04N21/47 OR
H04N21/47205 OR
HO04N21/47217 OR
H04N21/4884 OR
HO04N5/04 OR
HO04N5/23219 OR
HO04N5/23254 OR
HO04N5/76 OR
HO04N13/117 OR
HO04N13/359 OR
H04N21/23418 OR
H04N21/8547 OR
HO04N5/2251 OR
HO04N5/2254 OR
HO04N5/23216 OR
HO04N5/23232 OR
H04N13/106 OR
HO04N13/239 OR
HO04N21/251 OR
HO04N21/42203 OR
H04N21/435 OR
H04N21/439 OR
HO04N21/44 OR
HO04N21/4415 OR
HO04N21/44227 OR
H04N21/8549 OR
HO04N5/05 OR
HO04N5/10 OR
HO04N5/23222 OR
HO04N5/23258 OR
HO04N5/2327 OR
HO04N©9/67 OR
H04N9/802 OR
H04N©9/8205 OR
HO04N1/2133 OR
HO04N21/242 OR
H04N21/43074 OR
H04N21/8106 OR
H04N21/84 OR
H04N21/845 OR
HO04N21/854 OR
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HO04N5/2253 OR
HO04N5/23241 OR
HO04N5/23264 OR
HO04N5/232933 OR
HO04N5/23299 OR
HO04N5/783 OR
HO04N7/08 OR
H04N7/0885 OR
H04N©9/806 OR
HO04N9/87 OR
HO04N13/229 OR
HO04N13/25 OR
HO04N13/344 OR
H04N21/2335 OR
HO04N21/2662 OR
HO04N21/440281 OR
H04N21/44209 OR
H04N21/4666 OR
H04N21/6587 OR
HO04N5/232 OR
H04N5/23203 OR
HO04N5/247 OR
HO04N5/265 OR
HO04N5/272 OR
H04143/0829 OR
H04L65/80 OR
H04L12/66 OR
H04L65/403 OR
H04L1/0009 OR
H04L1/0014 OR
H04L1/007 OR
H04L1/08 OR
H04L43/00 OR
H04L43/0847 OR
H04L43/0852 OR
H04L43/087 OR
H04L43/16 OR
H04L65/1083 OR
H04L67/104 OR
H04L69/10 OR
H04L65/612 OR
H04L45/74 OR
H04L47/2441 OR
H04L47/30 OR
H04L47/34 OR
H04L65/1069 OR
H04L65/4015 OR
H04L65/60 OR
H04L65/75 OR
H04L65/762 OR
H04L67/01 OR
H04L63/0428 OR
H04\W4/80 OR
HO04W72/1215 OR
H04W72/1242 OR
H04\W88/06 OR
H04\W12/02 OR
H04H20/28 OR
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L74 0

L75 0

L76 0

L77 3

H04H20/423 OR
HO04H60/07).cpc.)

(‘third adj3
microphone$1) SAME
ambient SAME
background SAME
noise SAME (reduction
OR cancel$4) SAME
mix$3 SAME audio
SAME content

(third adj3
microphone$1) SAME
(ambient OR
background) SAME
noise SAME (reduction
OR cancel$4) SAME
mix$3 SAME audio
SAME content

( third adj3
microphone$1) SAME
(ambient OR
background) SAME
noise SAME (reduction
OR cancel$4) SAME
mix$3 SAME content

(‘third adj3
microphone$1) SAME
(ambient OR
background) SAME
noise SAME (reduction
OR cancel$4) SAME
mix$3

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB:
USOCR)

USPAT;

(US-PGPUB:
USOCR)

USPAT;

(US-PGPUB;
USOCR)

USPAT;

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2023/02/03
10:56 AM

2023/02/03
10:56 AM

2023/02/03
10:57 AM

2023/02/03
10:57 AM

PE2E SEARCH - Search History (Interference)

Ref # Hits

[Search Query

DBs

Default
Operator

Plurals

British
Equivalents

Time Stamp

N1 0

N2 0

N3 1

(( third adj3
microphone$1) SAME
(ambient OR
background) SAME
noise SAME (reduction
OR cancel$4) SAME
mix$3 SAME content)

(( third adj3
microphone$1) SAME
(ambient OR
background) SAME
noise SAME (reduction
OR cancel$4) SAME
mix$3 SAME
content).clm.

((third adj3
microphone$1) SAME
(ambient OR

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

(US-PGPUB; USPAT)

OR

OR

OR

ON

ON

ON

ON

ON

ON

2023/02/03
02:51 PM

2023/02/03
02:51 PM

2023/02/03
02:51 PM

02/03/2023 02:54:55 PM
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background) SAME
noise SAME (reduction
OR cancel$4) SAME
mix$3 ).cim.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

APPLICATION NoO. : 17/215,804 CONFIRMATION NO. 9372

APPLICATION OF : STEVEN WAYNE GOLDSTEIN

DATE FILED : 03/29/2021

EXAMINER : LAO, LUNSEE

TC/AU. : 2651

DOCKET : CONT2-16247186

TITLE METHOD AND DEVICE FOR IN EAR CANAL ECHO
SUPPRESSION

RESPONSE TO OFFICE ACTION

Commissioner for Patents
P. O. Box 1450
Alexandria, VA 22313-1450 Date: January 6, 2023

Sir:
These remarks are filed in response to the Non Final Office Action dated 25 Oct.

2022. Please amend the above-identified patent application as follows:

e Amendments to the Claims begin on page 2 of this paper; and

e Remarks/Arguments begin on page 6 of this paper.
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AMENDMENTS TO THE CLAIMS

The following listing of claims will replace all prior versions, and listings, of

claims in the application.

Listing of Claims:

1.{currently amended) An earphorne earpiece configured to use multiple microphones for

f1g1se control, comprising:

the first ambient microphone is part of an earpiece;

a second ambient microphone configured to generate a second ambient signal,

wherein the second ambient microphone is part of the earpiece;

an ear canal microphone configured to generate an ear canal signal,_wherein the

ear canal microphone is part of the earpiece;

a speaker, wherein the speaker is part of the earpiece;

second side of the earphene-carpiece;
a memory that stores instructions; and

a processor, wherein the processor is part of the earpiece, wherein the processor is

operatively connected to the first ambient microphone, wherein the processor is

operatively_connected to the second ambient microphong, wherein the processor is

operatively connected to the ear canal microphone, wherein the processor 15 operatively
connecied to the speaker, wherein the processor is operatively connected to the memory,
wherein the processor is configured to execute the instructions to perform operations, the
operations comprising

receiving a first microphone signal, wherein the first microphone signal is
at feast one of the first arobient signal or a modified first arobient signal,

receiving a second microphone signal, wherein the second microphone

signal 1s at least one of the ear canal signal or a modified ear canal signal;
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receiving a third microphone signal. wherein the third microphone signal

is at least one of the second ambient signal or a modified second ambient signal;

generating a background noise reduction signal using gither the first and

second microphone signals or the second and third microphone signals;

mixing an audio content signal and the backeround noise reduction signal

generating a mixed sienal: and

sending the-backereund-neise-reduction a_modified mixed signal to the

speaker.

2 {canceled)

3 {original} The earphone according to claim 1, wherein the operations further comprise:
generating an ambient signal from at east one of the first ambient signal or

the second ambient signal or a combination of both.

4 {original) The earphone according to claim 3, wherein the operations further comprise:

sending a modified ambient signal to the speaker.

5 {original) The earphone according to claim 4, where the modified ambient signal is the

ambient signal.

6.{currently amended) The earphone according to claim 4, wherein the operations further
comptrise:
generating the modified ambient signal by filtering the-an ambient signal,

wherein the ambient signal is cenerated {rom at least the frst ambient sound sienal or the

second ambient sound signal.

7 {canceled)

& (canceled)
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9 (original} The earphone according to claira 4, whereiu the operations further comprise:
generating a modified ambient signal by filtering the ambient signal and

modifying an amplitude of at least one frequency of the ambient signal.

14 {currently amended} The earphone according to claim 1{{0}], wherein the operations

{further comprise;

aenerating the modified mixed signal by mixing the mixed signal with an ambient

signal. wherein the ambient signal is generated from at least one of the first ambient

signal the second ambient sienal or a combination of both,

12 {currently amended) The earphone according to claim {[3]]11, wherein the operations
further comprise:
analyzing at least one of the ambient signal or the ear canal signal or a

combination of both, to detect a user’s voice.

13 {currently amended) The earphone according to claim 12, wherein the operations
further comprise:

reducing the audio content signal prior o generating the mixed signal if

the user’s voice is detected.

14 {canceled)
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15.{new} The earphone according to claim 12, wherein the operations further comprise:
reducing the ambient signal priot to generating the mixed signal if the

user’s voice is not detected.
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REMARKS

The following remarks are made in response to the Office Action dated 25 Oct. 2022
(“OA”).

At the time of the Office Action, the Examiner noted that claims 1-14 were
pending. Claims 1, 6 and 10-13 have been amended, claims 2, 7, 8, and 14 cancelled and
claim 15 is new. Support for the new claim and amended portions of the claims can be
found in paragraphs [0005], [0006], [0011], [0013], [0044], [0049], and [0050]. The
Examiner has rejected claims 1-14 based upon 35 USC 103.

In view of the arguments set forth below, claims 1, 3-6, 9-13, and 15 are
allowable, and the Examiner is respectfully requested to withdraw the rejections and

issue a Notice of Allowance.

Note that Applicant may only discuss a single feature difference between the related
art and pending claims, which should not be interpreted as Applicant accepting the

related art as allegedly showing the remaining features.

L Pre-AIA Status

The present application claims priority to at least U.S. Patent No. 8,081,780 filed 5 May
2008 and U.S. Patent No. 8,526,645 filed 9 July 2008. The present application includes
content from U.S. Patent No. 8,081,780, for example Figures 1-7 of the present
application correspond to Figures 1-7 of US 8526645 and Figures 8-12 of the present
application correspond to Figures 1-6 of US 8081780. Thus, the present claims are
directed to inventive content described at least at early as 5 May 2008, infact as early as
U.S. Provisional Application Serial No. 60/916,271, filed on May 4, 2007. Therefore

the present claims should be examined under pre-AIA provisions.

IL 35 U.S.C § 103(a)

The Examiner has rejected Claims 1, 3-6 and 9-13 are rejected under 35 U.S.C.
103 as being unpatentable over Hietanen et al., US Patent No. 6,415,034 (hereafter
Hietanen), in view of Pedersen et al. (EP 1385324).
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The Examiner has rejected Claims 2, 7, and 8 are rejected under 35 U.S.C. 103 as
being unpatentable over Hietanen et al., US Patent No. 6,415,034 (hereafter Hietanen), in
view of Pedersen et al. (EP 1385324) as applied to claim 1, 3 above, and further in view
of Travers et al. (US 2005/0168824). Note that although claims 2, 7, and 8 have been
cancelled, it has not been in response to the rejection but rather amending the claim scope

of claim 1.

Applicant directs attention to summaries of several of the references cited:

Hietanen (US 6,415,034)

Hietanen is directed to an earphone unit 11, that can be mounted in an auditory tube 10,
that uses an error microphone 14, an inward pointing microphone 13, and a speaker 12, to
improve the quality of speech pickup by minimizing noise. The signal sent to the speaker
12 is used to minimize the signal’s pickup by the inward pointing microphone 13 and the
error microphone 14 is used to minimize the sound leaking past the earphone unit 11 that

is picked up by the inward pointing microphone.

Hietanen states:

“...noise signal 17" caused by external sources of noise 17.....” (Hietanen, 5:31-32)
“...Because the transfer function between error microphone 14 and microphone capsule
13 is essentially constant, noise Signal 17' can be subtracted in second stage 25 using
subtractor 27 using a method which is explained later ...” (Hietanen, 5:41-46)
“...Because the speech signal x(t) transferred by eardrum 16 is wanted to be Solved, the
share of ear capsule 12 and of external noise 17 must be subtracted from the microphone

Signal....” (Hietanen, 6:49-52)

Hietanen is specifically designed to removing ambient sound that leaks past the earphone
unit 11. In fact, Hietanen desires there to be no ambient sound in the auditory tube 10.
Thus the system of Hietanen is not designed to specifically introduce ambient sound into

the auditory tube 10.
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Pedersen (EP1385324)
Pedersen is directed at a system and method for reducing the effect of background noise.
Pedersen at Title, § [0007]. Pedersen discloses multiple embodiments aimed at achieving
that goal.

First, in Figure 3, Pedersen discloses a “microphone set-up.” Id.

Pedersen at Fig. 3.

This set-up includes a mobile phone with a first microphone M1 and a second
microphone M2. /d. at § [0040].

Second, Pedersen discloses “another microphone set-up according to another preferred

embodiment” in Figure 4A. See Pedersen at § [0015].
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Pedersen at Fig. 4A.

A first microphone M1 is located in an earplug-like element and can measure the air
vibrations in a user’s ear canal. /d. at §[0041]. This embodiment does not include a
speaker in the earplug. The second microphone is typically located close to the head. /d.
at 9 [0043]

Third, Pedersen discloses a “variation” of the embodiment shown in Figure 4B. See

Pedersen at § [0015].
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Pedersen at Fig. 4B.
In particular whereas the Figure 4A embodiment includes element 401, the Figure 4B
embodiment includes element 402. The Figure 4B embodiment also includes first
microphone M1 for measuring the air vibrations in the user’s ear canal, and does not
include a speaker in the earplug.

Fourth, Pedersen discloses “another option for implanting the invention,” i.e.

, an “audio

data collection set-up,” in Figure 5. See Pedersen at ] [0015], [0045].
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Id. at Fig. 5.

Pedersen discloses that the Figure 5 embodiment is “a headset kit of a mobile phone” that
provides hands-free operation. Pedersen at § [0045]. Pedersen discloses that the headset
may include plug 501 connected to a mobile phone or a car front panel. /d. Pedersen
further discloses that “[t]he earplug including a loudspeaker may also include an earplug
microphone M1, provided that the acoustical separation of the loudspeaker and
microphone can be guaranteed.” Id. § [0045](emphasis added). This suggests that

Pedersen teaches away from having an ear canal microphone and speaker

combination, although an ambient sound microphone and speaker combination might be

allowed.

Travers (US 2005/0168824)
Travers 1s directed to an imaging device that can include flexible housing 92

connected to a speaker 102.

Exhibit 1004
Page 0553 of 1251



Application No.: 17/215,804
Response to Office Action dated 25 Oct. 2022
Page 12 of 15

F1G.10

Traver’s mentions that ““... The imaging device could have two audio jacks, one could
be for Stereo. Optionally, there could be a microphone attached to the same jacks

or a separate jack. The microphone could be built into the bow....” (Traver, [0025])

ARGUMENT:
1.) With respect to claims 4, 5, 6, 9, 11, 12, and 13, Hietanen fails to show, suggest or
teach sending an ambient signal to the speaker and is not combinable with any reference

(Pedersen) that allows an ambient signal to be played by a speaker.

Hietanen is specifically designed to removing ambient sound that leaks past the earphone
unit 11. In fact, Hietanen desires there to be no ambient sound in the auditory tube 10.
Thus, the system of Hietanen is designed to specifically not introduce ambient sound into
the auditory tube 10. Thus, Hietanen fails to show suggest or teach the scope of claims
4,5,6,9, 11, 12, 13 and 15, which send an ambient signal to the speaker, nor is it
obvious to combine a reference (such as Pedersen) with Hietanen to allow the
introduction of ambient sound into the auditory tube 10, frustrating a purpose of

Hietanen.
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2.) With respect to claims 1, 3-6, 9-13, Hietanen alone or in combination with Pedersen,

fails to show, suggest or teach a single earpiece that includes two ambient sound

microphones, and ear canal microphone, a processor and memory.

The Examiner uses Pedersen to allegedly show a first ambient microphone (101) and a

second ambient microphone (103). Applicant reproduces Fig. 1 of Pedersen below

referred to by the Examiner.

FIG 1

Sp » NOISE
R [\\ 194 g=
o1 M1 lgist e gz
51 102+
« NE1, NE2
] ‘
b 08

NEfi1  NE2G2 1(39

1oa-{ NERG | {NEK>gK
NEogi ] |NEbgl

Applicant direct attention to Pedersen [0016] which refers to Figure 1 and states in part:

“...Both microphones 101 and 103 are transducers that
convert acoustical or mechanical vibrations to an electric
signal, i.e. normally to a small current, and they exhibit
different sensitivity to background noise. The reason

for the different noise sensitivity may be that the first
microphone 101 is a bone conductor microphone or an
earplug type microphone, whereas the second microphone
103 is a normal type transducer commonly used

as a microphone in mobile terminals,...”

Pedersen does not show, suggest or teach a single earpiece that includes two ambient

sound microphones. Pedersen actually suggests one might be in an earpiece (bone
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conduction microphone) but the other is not (used in a mobile terminal). This can be
seen clearly when looking at Figures 3, 4A, 4B, and 5 of Pedersen, which show the
“earplug” with only one microphone M1 and not three. Claim 1 is directed to a single
earpiece that includes a first ambient sound microphone, a second ambient sound
microphone and an ear canal microphone. Pedersen fails to show, suggest or teach such a
combination in a single earpiece, and neither does Hietanen. This combination is
important since two ambient sound microphones allow more functionality, for example
they can be used for beam sampling to detect voices, or one of the ambient sound

microphones can be used with the ear canal microphone to detect voices.

Pedersen further discloses that “[t]he earplug including a loudspeaker may also include
an earplug microphone M1, provided that the acoustical separation of the loudspeaker
and microphone can be guaranteed.” Id. §[0045](emphasis added). This suggests that
Pedersen teaches away from having an ear canal microphone and speaker combination in
an earplug (no acoustic separation), although an ambient sound microphone and speaker

combination might be allowed.

Therefore, Hietanen in combination with Pedersen (although Applicant insists neither are

combinable) fails to show, suggest or teach all the elements of claims 1.

Additionally Neither Hietanen nor Pedersen show, suggest or teach, mixing an audio
content signal and the background noise reduction and sending a modified mixed signal

to a speaker.

Travers fails to show, suggest or teach the missing elements of claim 1 not shown by

Hietanen nor Pedersen.

Therefore, for at least the reasons set forth above, independent claim 1, and those

claims depending therefrom, claims 3-6, 9-13, and 15 are allowable. Therefore, the
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Examiner is respectfully requested to withdraw the rejections of claims under 35

U.S.C. § 103 and issue a Notice of Allowance.

IHI.  Conclusion

For at least the reasons given above, claims 1, 3-6, 9-13, and 15 are allowable,
and the Examiner is respectfully requested to withdraw all rejections. Should the
Examiner believe that anything further is necessary, the Examiner is respectfully

requested to contact the undersigned representative at the telephone number listed

below.
Respectfully submitted,
TECHIYA LLC

Date: January 6, 2023 /John P. Keady/

John P. Keady

Ph.D. (Physics), Ph.D. (Comp. Sci.)
CTO and Assistant General Counsel of IP
Reg. No. 56,389

571-606-1291
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PTO/AIA/96 (08-12)

Approved for use through 11/30/2020. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)
Staton Techiya, LLC

Applicant’/Patent Owner:

Application No./Patent No.: _17/215,804 Filed/Issue Date: March 29, 2021

Titleq: METHOD AND DEVICE FOR IN EAR CANAL ECHO SUPPRESSION

Staton Techiya, LLC _ a limited liability company

{Name of Assignee) (Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

states that, for the patent application/patent identified above, it is (choose one of options 1, 2, 3 or 4 below):
1. The assignee of the entire right, title, and interest.

2. |:| An assignee of less than the entire right, title, and interest (check applicable box):

L] The extent (by percentage) of its ownership interest is %. Additional Statement(s) by the owners
holding the balance of the interest must be submitted to account for 100% of the ownership interest.

D There are unspecified percentages of ownership. The other parties, including inventors, who together own the entire
right, title and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

3. |:| The assignee of an undivided interest in the entirety (a complete assignment from one of the joint inventors was made).
The other parties, including inventors, who together own the entire right, title, and interest are:

Additional Statement(s) by the owner(s) holding the balance of the interest must be submitted to account for the entire
right, title, and interest.

4. |:| The recipient, via a court proceeding or the like (e.g., bankruptcy, probate), of an undivided interest in the entirety (a
complete transfer of ownership interest was made). The certified document(s) showing the transfer is attached.

The interest identified in option 1, 2 or 3 above (not option 4) is evidenced by either (choose one of options A or B below):

A. |:| An assignment from the inventor(s) of the patent application/patent identified above. The assignment was recorded in
the United States Patent and Trademark Office at Reel , Frame , or for which a copy
thereof is attached.

B. A chain of title from the inventor(s), of the patent application/patent identified above, to the current assignee as follows:

1. From: Steven Wayne Goldstein To: PERSONICS HOLDINGS, LLC
The document was recorded in the United States Patent and Trademark Office at
Reel 057621 , Frame 0622 , or for which a copy thereof is attached.

2 From: Marc Andre Boillot To: PERSONICS HOLDINGS, LLC

The document was recorded in the United States Patent and Trademark Office at
Reel 057621 , Frame 0657 , or for which a copy thereof is attached.

[Page 1 of 2]

This collection of information is required by 37 CFR 3.73(b). The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount
of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark
Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND
TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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PTO/AIA/96 (08-12)

Approved for use through 11/30/2020. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(c)

3. From: John Usher To: PERSONICS HOLDINGS, LLC

The document was recorded in the United States Patent and Trademark Office at
Reel 057621 , Frame 0724 , or for which a copy thereof is attached.
Jason Mcintosh To: PERSONICS HOLDINGS, LLC

4. From:

The document was recorded in the United States Patent and Trademark Office at
Reel 057621 , Frame 0776 , or for which a copy thereof is attached.
PERSONICS HOLDINGS, INC. and PERSONICS HOLDINGS, LLC 1. DM STATON FAMILY LIMITED PARTNERSHIP

5. From:

The document was recorded in the United States Patent and Trademark Office at
Reel 057622 , Frame 0808 , or for which a copy thereof is attached.
DM STATON FAMILY LIMITED PARTNERSHIP 1. STATON TECHIYA, LLC

6. From:

The document was recorded in the United States Patent and Trademark Office at
Reel 057622 , Frame 0855 , or for which a copy thereof is attached.

|:] Additional documents in the chain of title are listed on a supplemental sheet(s).

D As required by 37 CFR 3.73(c)(1)(i), the documentary evidence of the chain of title from the original owner to the
assignee was, or concurrently is being, submitted for recordation pursuant to 37 CFR 3.11.

[NOTE: A separate copy (i.e., a true copy of the original assignment document(s)) must be submitted to Assignment
Division in accordance with 37 CFR Part 3, to record the assignment in the records of the USPTO. See MPEP 302.08]

The undersigned (whose title is supplied below) is authorized to act on behalf of the assignee.

/Peter A. Chiabotti/ December 16, 2022
Signature Date

Peter A. Chiabotti 54603

Printed or Typed Name Title or Registration Number

[Page 2 of 2]
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your
submission of the attached form related to a patent application or patent. Accordingly, pursuant to the
requirements of the Act, please be advised that: (1) the general authority for the collection of this information is 35
U.S.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the
information is used by the U.S. Patent and Trademark Office is to process and/or examine your submission related
to a patent application or patent. If you do not furnish the requested information, the U.S. Patent and Trademark
Office may not be able to process and/or examine your submission, which may result in termination of proceedings
or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of
Information Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records
may be disclosed to the Department of Justice to determine whether disclosure of these records is
required by the Freedom of Information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting
evidence to a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the
course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress
submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency
having need for the information in order to perform a contract. Recipients of information shall be required
to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).
A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for
purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act
(42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General
Services, or his/her designee, during an inspection of records conducted by GSA as part of that agency’s
responsibility to recommend improvements in records management practices and programs, under
authority of 44 U.S.C. 2904 and 2906. Such disclosure shall be made in accordance with the GSA
regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or
Commerce) directive. Such disclosure shall not be used to make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either
publication of the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C.
151. Further, a record may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the
public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to
public inspection or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
www.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
17/215,804 03/29/2021 Steven Wayne Goldstein CONT2-16247186 9372
150139 7590 10/25/2022 | EXAMINER |
Akerman LLP
777 South Flagler Drive LAO, LUNSEE
Suite 1100 West Tower
West Palm Beach, FL 33401 | ART UNIT | PAPER NUMBER |
2651
| NOTIFICATION DATE | DELIVERY MODE |
10/25/2022 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

ip@akerman.com
jp-keady @techiya.co
personics_docketing @cardinal-ip.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

17/215,804 Goldstein et al.
Office Action Summary Examiner ArtUnit | AIA (FITF) Status
LUNSEE LAO 2651 No

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

- Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed after SIX (6) MONTHS from the mailing
date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.

- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any earned patent term
adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 03-29-2021.
OJ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)(] This action is FINAL. 2b) [v] This action is non-final.

3)(OJ An election was made by the applicant in response to a restriction requirement set forth during the interview
on ; the restriction requirement and election have been incorporated into this action.

4)[O Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*
5) Claim(s) 1-14 is/are pending in the application.

5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) (O Claim(s) ___is/are allowed.
7) Claim(s) 1-14 is/are rejected.
8) [0 Claim(s) ____is/are objected to.
9) (O Claim(s) are subject to restriction and/or election requirement

* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see

http://www.uspto.gov/patents/init events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

Application Papers
10)(J The specification is objected to by the Examiner.
11)(OJ The drawing(s) filedon _____is/are: a)(] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119

12)[J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)lJ All b)(J Some**  ¢)(dJ None of the:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.00 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [ Interview Summary (PTO-413)
. . Paper No(s)/Mail Date
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4) [J Other:
Paper No(s)/Mail Date 03-29-2021, 01-20-2022, 06-28-2022, E—
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20221014
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Application/Control Number: 17/215,804 Page 2
Art Unit: 2651

Notice of Pre-AlA or AIA Status
1. The present application, filed on or after March 16, 2013, is being examined

under the first inventor to file provisions of the AlA.

DETAILED ACTION
Introduction
2. This action is response to the application 17/215,804 filed on 03-29-2021. Claims 1-

14 are pending.

Claim Rejections - 35 USC § 103
3. In the event the determination of the status of the application as subject to AIA 35
U.S.C. 102 and 103 (or as subject to pre-AlA 35 U.S.C. 102 and 103) is incorrect, any
correction of the statutory basis for the rejection will not be considered a new ground of
rejection if the prior art relied upon, and the rationale supporting the rejection, would be
the same under either status.
4 The following is a quotation of 35 U.S.C. 103 which forms the basis for all

obviousness rejections set forth in this Office action:

A patent for a claimed invention may not be obtained, notwithstanding that the claimed
invention is not identically disclosed as set forth in section 102, if the differences between the
claimed invention and the prior art are such that the claimed invention as a whole would have
been obvious before the effective filing date of the claimed invention to a person having
ordinary skill in the art to which the claimed invention pertains. Patentability shall not be
negated by the manner in which the invention was made.

5. The text of those sections of Title 35, U.S. Code not included in this action can be

found in a prior Office action.
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Application/Control Number: 17/215,804 Page 3
Art Unit: 2651

6. Claims 1, 3-6 and 9-13 are rejected under 35 U.S.C. 103(a) as being
unpatentable over by Hietanen et al. (US PAT. 6,415,034) in view of Pedersen et al.
(EP 1385324).

Consider Claim 1, Hietanen teaches an earphone configured to use multiple
microphones for noise control(see fig.4), comprising: a first ambient microphone(see fig.
4(14)) configured to generate a first ambient signal;

a second ambient microphone configured to generate a second ambient signal;
an ear canal microphone(see fig. 4(13)) configured to generate an ear canal signal;
a speaker(see fig. 4(12));

an eartip(see fig. 4), configured to seal the earphone between a first side and a second
side of the earphone;

a memory that stores instructions(see fig. 4(37)); and a processor(see fig. 4(34)),
wherein the processor(see fig. 4(37)) is operatively connected to the ambient
microphone(see fig. 4(14)), wherein the processor is operatively connected to the ear
canal microphone(see fig. 4(13)), wherein the processor is operatively connected to the
speaker, wherein the processor is operatively connected to the memory(see fig. 4(37),
wherein the processor(see fig. 4(34)) is configured to execute the instructions to
perform operations(see figs.4-10 and col. 5, line 26-col. 6, line 67)., the operations
comprising: receiving a first microphone signal(see fig. 4(14)), wherein the first
microphone signal is at least one of the first ambient signal or a modified first ambient
signal; receiving a second microphone signal(see fig. 4(13)), wherein the second
microphone signal is at least one of the ear canal signal or a modified ear canal signal

generating a background noise reduction signal using the first and second microphone
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Application/Control Number: 17/215,804 Page 4
Art Unit: 2651

signals; and sending the background noise reduction signal to the speaker(see figs.4-10
and col. 8, line 1-col. 10, line 67); but Hietanen does not explicitly a second ambient
microphone configured to generate a second ambient signal.

However, Pedersen teaches a first ambient microphone(see fig. 1(101))
configured to generate a first ambient signal; a second ambient microphone(see fig.
1(103)) configured to generate a second ambient signal; an ear canal microphone(see
fig. 1(191)) configured to generate an ear canal signal; a speaker(see fig. 5 and
paragraph0045]); and
receiving a first microphone signal(see fig. 1(101)), wherein the first microphone signal
is at least one of the first ambient signal or a modified first ambient signal; receiving a
second microphone signal(see fig. 1(103)), wherein the second microphone signal is at
least one of the ear canal signal or a modified ear canal signal generating a background
noise reduction signal using the first and second microphone signals; and sending the
background noise reduction signal to the speaker(see figs. 1-5 and paragraphs[0020]-
[0030]).

Therefore, it would have obvious to one of ordinary skill in the art before the effective
filling date the invention was made to combine the teaching of Pedersen in to the
teaching of Hictanen to provide acoustical signals are collected with two microphones
having different sensitivity to background noise. The level of background noise is
estimated, and depending of the level of background noise, i) the amplification gain of
the signals is modified before the signals are combined to a combined signal, or ii) the
way of combining the signals is changed, to produce a signal that has less background

noise than one of the microphones
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Application/Control Number: 17/215,804 Page 5
Art Unit: 2651

Consider Claims 3 and 4, Hietanen as modified by Pedersen teaches the earphone
wherein the operations further comprise: generating an ambient signal from at least one
of the first ambient signal or the second ambient signal or a combination of both(see
figs.4-10 and col. 8, line 1-col. 10, line 67); and the earphone wherein the operations
further comprise: sending a modified ambient signal to the speaker(see figs.4-10 and
col. 8, line 1-col. 10, line 67).

Consider Claims 5 and 6, Hietanen as modified by Pedersen teaches the earphone
where the modified ambient signal is the ambient signal(see figs.4-10 and col. 8, line 1-
col. 10, line 67); and the earphone wherein the operations further comprise: generating
the modified ambient signal by filtering the ambient signal (see figs.4-10 and col. 8, line
1-col. 10, line 67)

Consider Claims 9-11, Hietanen as modified by Pedersen teaches the earphone
wherein the operations further comprise: generating a modified ambient signal by
filtering the ambient signal and modifying an amplitude of at least one frequency of the
ambient signal (see figs.4-10 and col. 8, line 1-col. 10, line 67); and the earphone
according to claim 8, wherein the step of combining includes combining the audio signal
and the modified ambient signal at a predetermined ratio value(see figs.4-10 and col. 6,
line 9-col. 9, line 67); and the earphone according to claim 10, where the ratio value is
multiplied by the modified ambient signal prior to combining with the audio signal(see
figs.4-10 and col. 6, line 9-col. 9, line 67).

Consider Claims 12 and 13, Hietanen as modified by Pedersen teaches the

earphone wherein the operations further comprise: analyzing at least one of the ambient
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Application/Control Number: 17/215,804 Page 6
Art Unit: 2651

signal or the ear canal signal or a combination of both, to detect a user's voice (see
figs.4-10 and col. 6, line 9-col. 9, line 67); and the earphone wherein the operations
further comprise: analyzing at least one of the ambient signal or the ear canal signal or
a combination of both, to generate a voice activity level(see figs.4-10 and col. 6, line 9-

col. 9, line 67).

7 Claims 2, 7 and 8 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Hietanen et al. (US PAT. 6,415,034) as modified by Pedersen et al. (EP 1385324)
as applied to claims 1, 3 above, and further in view of Travers et al. (US 2005/0168824).

Consider claim 2, Hietanen does not explicitly teach the earohone wherein the
operations further comprise: sending an audio content signal to the speaker.

However, Travers teaches the earphone wherein the operations further comprise:
sending an audio content signal to the speaker(see figs. 6-10 and paragraphs[0023]-
[0032]).

Therefore, it would have obvious to one of ordinary skill in the art before the effective
filling date the invention was made to combine the teaching of Travers in to the teaching
Hietanen and Pedersen to provide an optional speaker attachable to the imaging
device; and the imaging device of the present invention includes a binocular frame for
securing the imaging device to the user including two adjustable bows such that the
virtual display of the imaging device is adjustable and pivotable to at least viewing
positions with respect the line of sight of the user.

Consider claim 7, Hietanen does not explicitly teach the earohone wherein the

operations further comprise: sending an audio content signal to the speaker.
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Application/Control Number: 17/215,804 Page 7
Art Unit: 2651

However, Travers teaches the earohone wherein the operations further comprise:
sending an audio content signal to the speaker (see figs. 6-10 and paragraphs[0023]-
[0032]).

Therefore, it would have obvious to one of ordinary skill in the art before the effective
filling date the invention was made to combine the teaching of Travers in to the teaching
Hietanen and Pedersen to provide an optional speaker attachable to the imaging
device; and the imaging device of the present invention includes a binocular frame for
securing the imaging device to the user including two adjustable bows such that the
virtual display of the imaging device is adjustable and pivotable to at least viewing
positions with respect the line of sight of the user.

Consider Claim 8, Hietanen as modified by Pedersen and Travers teaches the
earphone wherein the operations further comprise: generating the modified audio
content signal by combining an audio content signal with the modified ambient signal (In

Travers, see figs. 6-10 and paragraphs[0023]-[0032])

8. Claim 14 is rejected under 35 U.S.C. 103(a) as being unpatentable over
Hietanen et al. (US PAT. 6,415,034) as modified by Pedersen et al. (EP 1385324) as
applied to claims 1, 3 above, and further in view of Chen et al. (US 2006/0135085).
Consider claim 14, Hietanen does not explicitly teach the earphone wherein the
operations further comprise: sending an audio content signal to the speaker if the voice

activity level is below a predetermined threshold.
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Application/Control Number: 17/215,804 Page 8
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However, Chen teaches the earphone wherein the operations further comprise:
sending an audio content signal to the speaker if the voice activity level is below a
predetermined threshold(see figs. 4-19 and paragraphs[0010]-[0053]).

Therefore, it would have obvious to one of ordinary skill in the art before the effective
filling date the invention was made to combine the teaching of Chen in to the teaching
Hietanen and Pedersen to provide a first microphone and a second microphone and a
method for processing audio signal in a wireless telephone having a first microphone
and a second microphone. The wireless telephone includes a first microphone, a
second microphone, and a signal processor, wherein at least one of the first
microphone and the second microphone is a unidirectional microphone. The first
microphone outputs a first audio signal that includes a voice component and a
background noise component. The second microphone outputs a second audio signal.
The signal processor increases a ratio of the voice component to the noise component
of the first audio signal based on the content of at least one of the first audio signal and

the second audio signal to produce a third audio signal.

Conclusion
9. The prior art made of record and not relied upon is considered pertinent to
applicant’s disclosure. Kvaloy et al. (US PAT. 6,728,385) is cited to show other related

METHOD AND DEVICE FOR IN-EAR ECHO SUPPRESSION.

10. Any response to this action should be mailed to:

Mail Stop (explanation, e.g., Amendment or After-final, etc.)
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Application/Control Number: 17/215,804 Page 9
Art Unit: 2651

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
Facsimile responses should be faxed to:
(571) 273-8300
Hand-delivered responses should be brought to:
Customer Service Window
Randolph Building
401 Dulany Street
Alexandria, VA 22314

Any inquiry concerning this communication or earlier communications from the examiner
should be directed to Lao, Lun-See whose telephone number is (571) 272-7501 The examiner
can normally be reached on Monday-Friday from 8:00 to 5:30.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Nguyen Duc M(SPE), can be reached on (571) 272-7503.

Any inquiry of a general nature or relating to the status of this application or proceeding

should be directed to the Technology Center 2600 whose telephone number is (571) 272-2600.

/LUN-SEE LAO/

Primary Examiner, Art Unit 2651
US Patent and Trademark Office
Knox

571-272-7501

Date 10-20-2022
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Application Number 17/21%,804 - GAU: 2651
Filing Date

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.99)

First Named Inventor | Steven Wayne Goldstein
Art Unit |

Examiner Name |

Attorney Docket Number |

NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s}, TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

If you wish to add additional non-patent literature document citation information please click the Add button| Add
EXAMINER SIGNATURE

Examiner Signature \| /LUN~-SEE LAQ/ |Date Considered || 10/17/2022

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO

Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. ° Applicant is to place a check mark here if|
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Application Number

Filing Date

INFORMATION DISCLOSURE

First Named Inventor | Steven Wayne Goldstein

STATEMENT BY APPLICANT

o Art Unit |
( Not for submission under 37 CFR 1.99)

Examiner Name |

Attorney Docket Number |

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That no item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[ any individual designated in 37 CFR 1.56(c} more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /John P. Keady/ Date (YYYY-MM-DD) 2021-03-29

Name/Print John P. Keady Registration Number 56389

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

1.

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, tc a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GBA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Doc code: IDS
Doc description: Information Disclosure Statement (IDS) Filed
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Approved for use through 11/30/2020. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.89)

Application Number 17215804

Filing Date P021-03-29

First Named Inventor ‘ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number

| CONT2-16247186

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages Columns, Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
/L.8/ 1y 5359993 p002-03-19  |Brimhall
/L.s/ 2 7072482 P006-07-04 Van Doomn et al.
L8/
3 7778434 P010-08-17 Juneau et al.
/L.8/ 4 6524056 1996-06-04 Killion et al.
L.8/ |5 5415034 D002-07-02 Hietanen
/L.s/
6 B014553 P011-09-06 Radivojevic et al.
fL.8/
7 po8gs49 1978-05-09 |Jsami et al.
/L.8/ 8 209569 PO07-04-24 Boesen
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STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number

| CONT2-16247186

/L.s/ |9 5754359 D004-06-22 Svean et al.
.5/ |10 |po21207 p000-02-01  |Puthuffet al.
L.8/ |y 5267321 1993-11-30  |lLangberg
/L.s/ |12 ||RE38351 D003-12-16  ||seberg et al.
/u.87 14s |karrrse p009-01-13  ||Wickstrom et al.
/r.s/ |14 |as0730 D008-11-11  |[Bertg et al.
/L.8/ |45 B567524 D003-05-20 Svean et al.
/.87
16 |p728385 0004-04-27  |Kvaloy et al.
/r.s/ |17 |p140325 D012-03-20  |Kanevsky
L.8/ 148 |pBog3ost D015-03-17 | Bayley
1994.07-05  |[tites

/n.a/ |19 |p327508
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INFORMATION DISCLOSURE
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( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number

| CONT2-16247186

/L.g/ |20 5933510 1999-08-03 Bryant
/LS g B086093 D011-1227  |[Stuckman
/L.s/ !
22 7039585 D006-05-02 Wilmot
/687 193 606598 D003-08-12 Holthouse
/L.s/ |24 005525 1999-12-21 Kivela
/L.8/ |25 RE38351 D003-12-16 Iseberg
/L.8/
/ 26 7903825 D011-03-08 Melanson
/L.s/ |27 B014553 D011-09-06 Radivojevic
L.8/
28 B160261 D012-04-17 Schulein
L./ 29 639987 D003-10-28 Mcintosh
30 5923624 1999-07-13 Groeger
L.8/
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number

| CONT2-16247186

/L.8/ | B160273 D012-04-17 Visser
/n.8/ |32 7464029 D008-12-09 \Visser
/L.8/ a3 7983907 D011-07-19 Visser
/L.s/ |34 B254591 D012-08-28 Goldstein
/L.s/ |35 B718305 D014-05-06 Usher
/L..8/ 36 B798278 D014-08-05  |Psabelle
/n.s/ |37 B917894 D014-12-23 Goldstein
/1.5 |38 B625818 D014-01-07 Stultz
/L.8/ | a9 0491542 D016-11-08 Usher
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fL.8/ | 4 5118877 D000-09-12 | indemann
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( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number | CONT2-16247186

/L.8/
42 |[os0592 D006-0523  |Iseberg
/L.8/ |43 |pBa01200 p013-0319  |[riscareno
/L.8/ |44 0106247 D015-11-24 Harada
/.8 45 |s74917 p009-08-18  |Ivon Dach
/L.8/ |46 |p276740 1994-01-04  |Jnanaga et al.

If you wish to add additional U.S. Patent citation information please click the Add button. Add
U_S.PATENT APPLICATION PUBLICATIONS Remove
. L . N . Pages,Columns,Lines where
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant
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Figures Appear
/L.8/ 1 20030165246 P003-09-04 Kvaloy et al.
L.8/
2 20080037801 P008-02-14 Alves et al.
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4 20050078838 P005-04-14 Simon
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number

| CONT2-16247186

L8/ 5 0070036377 PO07-02-15 Stimemann
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fu.8/ |7 0060140425 D006-06-29 Berg
/L.8/ |8 0030152359 D003-08-14 Kim
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/L.8/ [10 P0030165319 D003-09-04  |Barber
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number

| CONT2-16247186

/L-8/ |4 P0060083390 D006-04-20  |Kaderavek
/L.8/ |47 D0050068171 D005-03-31 Kelliher
R P D0050028212 D005-02-03  [[Laronne
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number | CONT2-16247186

/Loyt D0140163976 D014-06-12  ||Park
/L.8/ |28 D0080137873 p008-06-12  ||Goldstein
/L.s/ |29 D0090122996 p009-05-14  ||Kiein
/L.s/ |30 b0040086138 p004-0506  ||Kuth
/L.8/ |3 D0070021958 D008-0125  ||Vvisseretal.
/L.8/ |32 00020111798 D002-08-15  |Huang
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number

| CONT2-16247186

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature /LHN“SEE LAO/

Date Considered ‘

10/17/2022

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST .16 if possible. ® Applicant is to place a check mark here if

English language translation is attached.
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Application Number 17215804

Filing Date 2021-03-29

INFORMATION DISCLOSURE

First Named Inventor ’ Steven Wayne Goldstein

STATEMENT BY APPLICANT

N Art Unit | 2651
( Not for submission under 37 CFR 1.29)

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number | CONT2-16247186

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That ne item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /John P. Keady/ Date (YYYY-MM-DD) 2022-06-29

Name/Print John P. Keady Registration Number |56389

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1430, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review {35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her desighee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Doc code: IDS PTO/SB/08a (02-18)

s . . . Approved for use through 11/30/2020. OMB 0651-0031
Doc description: Information Disclosure Statement (IDS) Filed \U.S. Patent and Trademark Cffice: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Application Number 17215804
Filing Date P021-03-29

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.89)

First Named Inventor ‘ Steven Wayne Goldstein
Art Unit | 2651
Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number | CONT2-16247186

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages Columns, Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
fL.8/ |1 B045840 P011-10-25 Murata
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant Pages,Columns, Lines where
. Cite No . Relevant Passages or Relevant
Initial Number Code’| Date of cited Document )
Figures Appear
1

If you wish to add additional U.S. Published Application citation information please click the Add button| Add
FOREIGN PATENT DOCUMENTS Remove

Name of Patentee or Pages,Columns Lines
Examiner| Cite | Foreign Document | Country Kind | Publication Apolicant of cited where Relevant Ts
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1 006054698 O 2006-05-26 Murata
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number

| CONT2-16247186

/.80y H0877468 1996-03-22 | [Keizaburo
/L.s/ 5 H10162283 1998-06-19 Masahiro
/L.8/ |g EP1519625 A2 Victorian
/n.8/ |7 P006037156 (o] A1 Mejia et al.
/L-8/ g |EP1401240 Jensen
/L.-8/ 19 |bo0s0s0se3 0 Kitada
/t.s/ |10 |p007092660 0 [Vioberly
/L.8/ |11 |p0o04114722 (o) Pedersen
/587 142 |EP1385324 Pedersen
/.87 143 |EP1640072 Dijkstra
If you wish to add additional Foreign Patent Document citation information please click the Add button Add
NON-PATENT LITERATURE DOCUMENTS |Remove|
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein

Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number | CONT2-16247186

Examiner| Cite
Initials* | No

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s),
publisher, city and/or country where published.

Ts

Diwal, A. and Feiner S. Interaction Techniques Using Prosodic Features of Speech and Audio Localization.

L./ |4 Proceedings of IUI 2005 (International Conference on Intelligent User Interfaces), San Diego, CA, Jan 9-12, 2005, p.
P84-286.
, Bernard Widrow, John R. Glover Jr., John M. McCool, John Kaunitz, Charles S. Williams, Robert H. Hearn, James R.
/L.8/ 2 Veidler, Eugene Dong Jr, and Robert C. Goodlin, Adaptive Noise Cancelling: Principles and Applications,
PROCEEDINGS OF THE IEEE, VOL. 63, NO. 12, DECEMBER 1975
/1.s/|3 Mauro Dentino, John M. McCool, and Bernard Widrow, Adaptive Filtering in the Frequency Domain, PROCEEDINGS

OF THE IEEE, VOL. 66, NO. 12, DECEMBER 1978

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature /LIN-SEE LAO/ Date Considered ‘ 10/17/2022

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if hot in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to place a check mark here if

English language translation is attached.
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Application Number 17215804

Filing Date 2021-03-29

INFORMATION DISCLOSURE

First Named Inventor ’ Steven Wayne Goldstein

STATEMENT BY APPLICANT

N Art Unit | 2651
( Not for submission under 37 CFR 1.29)

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number | CONT2-16247186

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That ne item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /John P. Keady/ Date (YYYY-MM-DD) 2022-06-29

Name/Print John P. Keady Registration Number |56389

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1430, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review {35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her desighee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Bibliographic Data

Application No: 17/215 ,804
Foreign Priority claimed: O Yes @ No
35 USC 119 (a-d) conditions met: D Yes No D Met After Allowance
Verified and Acknowledged: |/LUN-SEE LAO/ |
Examiner's Signature Initials
Title: gdggg{%gs?gll\? DEVICE FOR IN EAR CANAL ECHO
FILING or 371(c) DATE CLASS GROUP ART UNIT ATTORNEY DOCKET NO.
03/29/2021 381 2651 CONT2-16247186
RULE
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Doc description: Information Disclosure Statement (IDS) Filed
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U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.89)

Application Number 17215804

Filing Date P021-03-29

First Named Inventor ‘ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number | CONT2-16247186
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
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Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number | CONT2-16247186

/1..8/ |20 k054749 1977-10-18 Suzuki et al.

JL.8/ |21 £298323 D001-10-02 Kaemmerer
/L.8/ |22 5804643 D004-10-12 Kiss

/L.8/ |23 5163338 DO00-12-19 lohnson et al.

/1.8/ |24 (748238 D004-06-08 | au

/L.8/

25 5021325 D000-02-01 Hall

L.s/ |26 B750295 D014-06-10 | iron

JfL.s/ |27 7920557 D011-04-05  |Mocte

/L-8/ 28 7158933 D007-01-02 Balan; Radu Victor
L.s/ 29 B611560 P013-12-17 Goldstein; Steven Wayne
/L.s8/ |30 5946050 1999-08-31 Woltf

EFS Web 2.1.18

Exhibit 1004
Page 0609 of 1251




INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804
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/L.s/ |37 8855343 D014-10-07  |Usher
L.8/ |38 0191740 D015-11-17 | Melntosh
/L.8/
39 0628896 D017-04-18  [fchimura
JL.8/
40 5577511 1996-11-26  |[Killion
/L.s/ |41 5056698 D000-05-02  |Jseberg
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number

| CONT2-16247186

/.87 |42 H317273 1994-05-31 Hanson
43 B162846 P012-04-24 Fpley
/L.8/
/L.s/ |44 7280849 D007-10-09 Bailey
JL.g/ 45 B045840 P011-10-25 Murata, et. al
L.8/ 46 b028514 P000-02-22 | emelson
L.8/ 47 F408272 D002-06-18 White
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
. N . . . Pages,Columns,Lines where
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant
- Cite No . Relevant Passages or Relevant
Initial Number Codel| Date of cited Document .
Figures Appear
JL.8/ 1 20030165246 P003-09-04 Kvaloy et al.
/r.s/ |2 0050288057 D005-12-29 | ai et al.
5.8/ 3 20060195322 P006-08-31 Broussard et al.
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number

| CONT2-16247186

/L.s/ |4 0070043563 P007-02-22 Comerford et al.
/n.s/ |5 20010046304 D001-11-29 Rast
fL.s/
6 0070189544 D007-08-16 Rosenberg
/n.8/ |7 20060092043 D006-05-04 | agassey
/L.s/ |8 20020106091 D002-08-08 Furst et al.
/L.s/ |9 0040109668 D004-06-10 Stuckman
/L.s/ |10 20020118798 D002-08-29 | anghart et al.
/L.s/ |11 0040042103 D004-03-04  |Mayer
/L.a/ |12 20030161097 D003-08-28 | e etal.
/1.8/ |13 0160104452 D016-04-14 Guan et al.
/L-8/ 14 20040203351 D004-10-14 Shearer et al.
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number

| CONT2-16247186

L.8/ |15 D0080165988 D008-07-10  |[Terlizzi et al.
/L.8/
16 D0070291953 D007-1220  |Ngia et al.
Jn.s/ |17 00110096939 D011-04-28 chimura
/L.8/ )
18 D0060067551 D006-03-30  [[cartwright et al.
/.81 14g D0090024234 p009-01-22  [JArchibald
JL.8/
20 00090010456 D009-01-08  |[Goldstein et al.
.8/ |21 D0070086600 D007-04-19  |[Boesen
/L.8/ |2 00040190737 D004-09-30  |Kuhnel et al.
/L.8/ |23 D0040196992 D004-10-07  |Ryan
/L.8/ |24 D0050123146 D005-06-09  |Ivoix et al.
wss |2 D0040125965 b004-07-01  |Rberth Jr, et al.
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number

/.81 |9 D0060083395 D006-04-20  |Rllen et al.
/L.s/ |27 00110264447 D011-1027  ||Visser et al.
/L.s/ |28 00100296668 0010-1125  [LLee etal.

/n.s/|29 00110293103 D011-1201  ||Park et al.

/L.8/ |30 0100061564 D010-03-11 Clemow et al.
/L.8/ |31 D0050058313 D005-03-17  |Victorian, Thomas A.
/L.8/ 32 20140122092 P019-03-19 [Goldstein; Steven Wayne
L.s/ |33 D0090286515 D009-05-05  [fothmer; Konstantin
/L8 |34 D0060173563 D006-08-03  |[Borovitski; Michael D.
L8/ s 00090076821 D009-03-19  |Brenner; Vadim
/L.8/ |3p D0050281423 b005-12-22  |JArmstrong
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number

| CONT2-16247186

JL.s/

37 D0030130016 D003-07-10  |Matsuura
/L.8/ |38 D0050207605 D005-0922  |Pehe
/L8] .

39 D0070143820 D007-06-21 Pawlowski
/L.8/ |40 D0110055256 D011-03-03  ||Phillips
n.s/ |41 D0060182287 D006-08-17  |Schulein
L.s/ |4 D0030198359 D003-1023  |Killion
/L.8/ |43 D0070086600 D007-04-19  |Boesen
/587

44 D0060287014 D006-1221  |Matsuura
/L.8/

45 00100119077 D010-05-13  |Platz

If you wish to add additional U.S. Published Application citation information please click the Add button| Add
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Application Number 17215804
Filing Date 2021-03-29

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number |CONT2—16247186

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature /LUN-SEE LAG/ Date Considered ‘ 10/17/2022

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 7 Applicant is to place a check mark here if
English language translation is attached.
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Application Number 17215804

Filing Date 2021-03-29

INFORMATION DISCLOSURE

First Named Inventor ’ Steven Wayne Goldstein

STATEMENT BY APPLICANT

N Art Unit | 2651
( Not for submission under 37 CFR 1.29)

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number | CONT2-16247186

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That ne item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /John P. Keady/ Date (YYYY-MM-DD) 2022-06-29

Name/Print John P. Keady Registration Number |56389

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1430, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.

EFS Web 2.1.18

Exhibit 1004
Page 0617 of 1251




Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review {35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her desighee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web 2.1.18

Exhibit 1004
Page 0618 of 1251




Doc code: IDS
Doc description: Information Disclosure Statement (IDS) Filed

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

PTO/SB/08a (02-18)
Approved for use through 11/30/2020. OMB 0651-0031

U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.89)

Application Number 17215804

Filing Date P021-03-29

First Named Inventor ‘ Steven Wayne Goldstein
Art Unit | oPAP

Examiner Name ‘ UNKNOWN

Attorney Docket Number

| CONT2-16247186

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages Columns, Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
L.&8/ 1 5359993 P002-03-19 Brimhall
/L.sf |2 7072482 P006-07-04 an Doorn et al.
, 3 7778434 P010-08-17 Juneau et al.
fn.s/
/.87 4 h524056 1996-06-04 Killion et al.
/L.s/ |5 5415034 D002-07-02 Hietanen
/L.8/ e B014553 D011-09-06  |Radivojevic et al.
/rn.s/ |7 po8gs49 1978-05-09 |Jsami et al.
/L.8f |g Ir209569 D007-04-24  |Boesen
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | oPap

Examiner Name ‘ UNKNOWN

Attorney Docket Number

| CONT2-16247186

/L8 g 5754359 D004-0622  [Bvean etal.
/L.8/ 140 |bo21207 D000-02-01  |Puthuffetal.
.8/ |11 5267321 1993-11-30 | angberg
/L.s/ |12 RE38351 D003-12-16  [Jseberg et al.
/.87 |43 7ATTT56 D009-01-13  |Wickstrom et al.
/L.s/ |14 7450730 D008-11-11 Bertg et al.
/L.s/
15 bo67524 P003-05-20 Svean et al.
/L.8/
16 b728385 P004-04-27 Kvaloy et al.
If you wish to add additional U.S. Patent citation information please click the Add button. Add
U.S.PATENT APPLICATION PUBLICATIONS Remove
. N . . . Pages,Columns,Lines where
Examiner| .. Publication Kind | Publication Name of Patentee or Applicant
- Cite No . Relevant Passages or Relevant
Initial Number Codel| Date of cited Document .
Figures Appear
/.87 |1 20030165246 P003-09-04 Kvaloy et al.
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Application Number 17215804

Filing Date 2021-03-29

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

First Named Inventor ’ Steven Wayne Goldstein

N Art Unit | oPap
( Not for submission under 37 CFR 1.29)

Examiner Name ‘ UNKNOWN

Attorney Docket Number | CONT2-16247186

/L.s/ |2 20080037801 P008-02-14 Alves et al.
/n.8/ |3 20060204014 P006-09-14 fsenberg et al.
L./ |4 20050078838 P005-04-14 Simon

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS Remove
Name of Patentee or Pages,Columns, Lines
Examiner| Cite | Foreign Document Country Kind | Publication Apolicant of cited where Relevant Ts
Initial* No | Number3 Code?j Code4| Date PR Passages or Relevant
Document .
Figures Appear

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), TS
publisher, city and/or country where published.

Examiner| Cite
Initials* | No

If you wish to add additional non-patent literature document citation information please click the Add button| Add

EXAMINER SIGNATURE

Examiner Signature /LUN~SEE LAO/ Date Considered ‘

10/32/2022

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.
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Application Number 17215804
Filing Date 2021-03-29

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

First Named Inventor ’ Steven Wayne Goldstein

Art Unit | OPAP

Examiner Name ‘ UNKNOWN

Attorney Docket Number | CONT2-16247186

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP $01.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). * For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.

4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. 5 Applicant is to place a check mark here if
English language translation is attached.
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Application Number 17215804

Filing Date 2021-03-29

INFORMATION DISCLOSURE

First Named Inventor ’ Steven Wayne Goldstein

STATEMENT BY APPLICANT

N Art Unit | oPap
( Not for submission under 37 CFR 1.29)

Examiner Name ‘ UNKNOWN

Attorney Docket Number | CONT2-16247186

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That ne item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /John P. Keady/ Date (YYYY-MM-DD) 2022-01-10

Name/Print John P. Keady Registration Number |56389

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1430, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review {35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her desighee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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PE2E SEARCH - Search History (Prior Art)

Ref # Hits [Search Query DBs Default Plurals British Time Stamp
Operator Equivalents

L1 198 voice SAME activity (US-PGPUB; USPAT; |OR ON ON 2022/10/14
SAME internal SAME  |USOCR; FIT (AU, AP, 02:34 PM
level SAME background (AT, BE, BG, BR, BY,

SAME noise CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L2 61 voice SAME activity (US-PGPUB; USPAT; |OR ON ON 2022/10/14
SAME internal SAME |USOCR) 02:41 PM
level SAME background
SAME noise

L3 59 L2 AND ( (HO4R3/005 |(US-PGPUB; USPAT; |OR ON ON 2022/10/14
OR H04R1/1016 OR USOCR) 02:42 PM
H04R25/02 OR
HO04R3/00 OR
H04R1/1041 OR
HO04R1/1083 OR
H04R2201/107 OR
HO04R2410/05 OR
H04R25/505 OR
H04R29/004 OR
H04R2460/01 OR
H04R3/02 OR
H04R1/08 OR
H04R2430/01 OR
H04R25/50 OR
H04R3/002 OR
H04R2460/05 OR
H04R3/04 OR
HO04R25/453 OR
H04R2499/13 OR
H04R1/10 OR
H04R2420/07 OR
H04R2499/11 OR
H04R25/305 OR
H04R5/04 OR
H04R2460/07 OR
H04R2460/15 OR
G10L25/78 OR
G10L2021/02087 OR
G10L21/0264 OR
G10L15/20 OR
G10L19/00 OR
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L4 10

L5 10

L6 300

G10L15/22 OR
G10L17/00 OR
G10L2015/223 OR
G10L25/06 OR
G10L21/0208 OR
HO4N1/00411 OR
HO4N21/4312 OR
HO4W4/02 OR
HO4W4/021 OR
HO4\W4/029 OR
H04S1/002 OR
H04S3/02 OR
G10K11/17819 OR
G10K11/17823 OR
G10K11/17881 OR
G10K11/17885 OR
G10K2210/1081).cpc.)

generat$3 SAME voice
SAME activity SAME
(background OR
ambient) SAME noise
SAME mix$3 SAME
ratio SAME ear SAME
canal

L4 AND ( (H04R1/1016
OR H04R25/02 OR
HO04R3/002 OR
H04R25/453 OR
H04R2460/01 OR
HO4R3/02 OR
H04R2201/107 OR
H04R2460/05 OR
HO4R3/005 OR
HO4R1/1041 OR
HO4R1/1083 OR
HO04R2460/15 OR
H04M3/568 OR
H04M9/08 OR
G10K11/17819 OR
G10K11/17823 OR
G10K11/17881 OR
G10K11/17885 OR
G10K2210/1081).cpc.)

"8600085," "9584896,"
"9270244,"
"9936297,9508335,"
"10499139," "8798283,"
"9953626"

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, S|, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/10/14
02:45 PM

2022/10/14
02:48 PM

2022/10/14
03:51 PM

10/19/2022 04:05:11 PM
Workspace: 17215804
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L7

L8

L9

L10

40

10

77

18

"11057701,"
"10182289,"

"11057701"

"8526645," "8081780"

"20170345406,"
"20140241553,
"20070177741,"
20080205664’
"20110103606,"
"20170345406"

JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CcU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO:;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, Cs, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/10/114
03:53 PM

2022/10/14
03:55 PM

2022/10/14
03:58 PM

2022/10/14
04:02 PM

10/19/2022 04:05:11 PM
Workspace: 17215804
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L11 298
L12 1016
L13 461

"6804638," "6163508,"
"6400652," "7433714,"
"7562020," "9135797,"
"9123343," "7756285"

"5903868," "3876843,"
"5208867," "6226389,"
"8493204," "6661901,"
"7430299," "6567524,"
"7107109," "4947440,"
"9037458"

"4054749," "6298323,"
"6804643," "6163338,"
"6748238," "6021325,"
"8750295," "7920557,"
"20030265246"

IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ,DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, Sl, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/10/14
04:05 PM

2022/10/114
04:13 PM

2022/10/14
04:15 PM

10/19/2022 04:05:11 PM
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L14 74 "20050288057," (US-PGPUB; USPAT; |OR ON ON 2022/10/14
"20060195322," USOCR; FIT (AU, AP, 04:17 PM
"20070043563," AT, BE, BG, BR, BY,

"20010046304," CA, CH, CN, CS, CU,
"20070189544," Cz, DD, DE, DK, EA,
"20060092043," EE, EP, ES, FI, FR, GB,
"20020106091," HR, HU, ID, IE, IL, IS,
"20040109668," IT, JP, KR, LT, LU, LV,
"20020118798," MA, OA, RU, SU, WO,
"20040042103," MC, MD, MY, NL, NO,
"20030161097" NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L15 76 "20160104452," (US-PGPUB; USPAT; |OR ON ON 2022/10/14
"20040203351," USOCR; FIT (AU, AP, 04:19 PM
"20080165988," AT, BE, BG, BR, BY,

"20070291953," CA, CH, CN, CS, CU,
"20110096939," Cz, DD, DE, DK, EA,
"20060067551," EE, EP, ES, FI, FR, GB,
"20090024234," HR, HU, ID, IE, IL, IS,
"20090010456," IT, JP, KR, LT, LU, LV,
"20070086600," MA, OA, RU, SU, WO,
"20040190737," MC, MD, MY, NL, NO,
"20040196992" Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L16 22 "20050123146," (US-PGPUB; USPAT; |OR ON ON 2022/10/14
"20040125965," USOCR; FIT (AU, AP, 04:25 PM
"20060083395," AT, BE, BG, BR, BY,

"20110264447," CA, CH, CN, CS, CU,

"20100296668,"201102 |CZ, DD, DE, DK, EA,

93103 EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L17 298 "6804638," "6163508," |(US-PGPUB; USPAT; |OR ON ON 2022/10/14
"6400652," "7433714," |USOCR; FIT (AU, AP, 04:33 PM
"7562020," "9135797," |AT, BE, BG, BR, BY,

"9123343," "7756285" |CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
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L18 1016

L19 461

L20 383

L21 1127

"5903868," "3876843,"
"5208867," "6226389,"
"8493204," "6661901,"
"7430299," "6567524,"
"7107109," "4947440,"
"9037458"

"4054749," "6298323,"
"6804643," "6163338,"
"6748238," "6021325,"
"8750295," "7920557,"
"20030265246"

"7177433," "9053697,"
"7903826," "8150044,"
"8577062," "8774433,"
"8855343," "9191740,"
"9628896," "5577511,"
"6056698"

"5317273," "8162846,"
"7280849," "8045840,"

MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO:
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR: FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO:;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/10/14
04:36 PM

2022/10/14
04:37 PM

2022/10/14
04:40 PM

2022/10/114
04:48 PM

10/19/2022 04:05:11 PM
Workspace: 17215804
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"6028514," "6408272," |AT, BE, BG, BR, BY,

"20030165246," CA, CH, CN, CS, CU,

"20050288057," Cz, DD, DE, DK, EA,

"20060195322" EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L22 79 "20070043563," (US-PGPUB; USPAT; |OR ON ON 2022/10/14
"20010046304," USOCR; FIT (AU, AP, 04:50 PM
"20070189544," AT, BE, BG, BR, BY,

"20060092043," CA, CH, CN, CS, CU,
"20020106091," Cz, DD, DE, DK, EA,
"20040109668," EE, EP, ES, FI, FR, GB,
"20020118798," HR, HU, ID, IE, IL, IS,
"20040042103," IT, JP, KR, LT, LU, LV,
"20030161097," MA, OA, RU, SU, WO,
"20160104452," MC, MD, MY, NL, NO,
"20040203351" Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L23 76 "20080165988," (US-PGPUB; USPAT; |OR ON ON 2022/10/14
"20070291953," USOCR; FIT (AU, AP, 04:52 PM
"20110096939," AT, BE, BG, BR, BY,

"20060067551," CA, CH, CN, CS, CU,
"20090024234," Cz, DD, DE, DK, EA,
"20090010456," EE, EP, ES, FI, FR, GB,
"20070086600," HR, HU, ID, IE, IL, IS,
"20040190737," IT, JP, KR, LT, LU, LV,
"20040196992," MA, OA, RU, SU, WO,
"20050123146," MC, MD, MY, NL, NO,
"20040125965" Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L24 64 "20060083395," (US-PGPUB; USPAT; |OR ON ON 2022/10/14
"20110264447," USOCR; FIT (AU, AP, 04:54 PM
"20100296668," AT, BE, BG, BR, BY,

"20110293103," CA, CH, CN, CS, CU,
"20100061564," Cz, DD, DE, DK, EA,
"20050058313," EE, EP, ES, FI, FR, GB,
"20140122092," HR, HU, ID, IE, IL, IS,
"20090286515," IT, JP, KR, LT, LU, LV,
"20060173563," MA, OA, RU, SU, WO,
"20090076821," MC, MD, MY, NL, NO,
"20050281423" Nz, PH, PL, PT, RO,
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L25 55
L26 877
L27 8
L28 511

"20030130016,"
20050207605,
"20070143820,"
"20110055256,'
"20060182287,
"20030198359,’
"20070086600,"
"20060287014,"
"20100119077"

"6359993," "7072482,"
"7778434," "5524056,"
"6415034,8014553,"
"408849," "7209569"

(US-20220823-$ | Us-
6415034-$ | US-
6754359-$ | US-
20050058313-$ | US-
20050168824-$).DID.

"20030161097."
"6728385," "6163338,"
"6804638,"
"20040042103,"

RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, Cs, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, Sl, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ,DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/10/14
05:02 PM

2022/10/14
05:10 PM

2022/10/14
05:13 PM

2022/10/15
03:01 PM

10/19/2022 04:05:11 PM
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L29

L30

L31

L32

L33

183

29

877

"20010046304"

"6754359"

"20070021958,"
"20080037801,"
"20020111798"

"20070021958,"
"20080037801,"
"20020111798"

"20060204014,"
"20050078838"

"6359993," "7072482,"
"7778434," "5524056,"
"6415034,8014553,"
"408849," "7209569"

CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, S|, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, Cs, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, Sl, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR)

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, Cs, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,

OR

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

ON

ON

2022/10/15
03:03 PM

2022/10/115
03:07 PM

2022/10/115
03:08 PM

2022/10/15
03:08 PM

2022/10/115
03:46 PM

10/19/2022 04:05:11 PM
Workspace: 17215804
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L34 183
L35 20
L36 873

"6754359"

(US-6021207-$ | US-
6081732-$ | US-
6118878-$ | US-
5131032-$ | US-
6169912-$ | US-
6570985-$ | US-
5692059-$ | US-
6738482-$ | US-
6760453-$ | US-
5963901-$).DID.

"6754359," "6021207,"
"5267321," "7477756,"
"7450730," "6567524,"
"6728385," "8140325,"
"8983081," "5327506"

IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ,DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, Sl, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/10/115
03:49 PM

2022/10/15
03:52 PM

2022/10/15
03:55 PM

10/19/2022 04:05:11 PM
Workspace: 17215804
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L37 559
L38 436
L39 295
L40 43

"5933510," "8086093,"
"7039585," "6606598,"
"6005525," re3851,
"7903825," "8014553,"
"8160261," "6639987,"
"5923624"

"8160273," "7464029,"
"7983907," "8254591,"
"8718305," "8798278,"
"8917894," "8625818."
"9401542," "8218784,"
"6118877"

"7050592," "8401200,"
"9196247," "7574917."
"5276740,"
"20030165246,"
"20080037801,
"20060204014,"
"20050078838"

"20070036377,'
"20020165719,"
"20060140425;
"20030152359,"
20070003090,
"20030165319,
"20070255435,
"20040264938,'
"20060264176,"

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, Cs, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ,DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/10/15
03:58 PM

2022/10/115
04:03 PM

2022/10/115
04:05 PM

2022/10/15
04:08 PM

10/19/2022 04:05:11 PM
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L41 82

L42 44

L43 208

L44 1016

"20040109579,"
"20060167687"

"20060083390,"
"20050068171,'
"20050028212,
"20080145032,
"20020098878,
"20060188075,"
"20140023203,
"20060188105,"
20020076057,
"20110116643,"
"20150215701"

"20140163976,
"20080137873,
"20090122996,"
"20040086138,"
"20070021958,'
"20020111798"

"6804638," "6163508,"
"6400652," "7433714,"
"7562020," "9135797,"
"9123343," "7756285"

"5903868," "3876843,"
"5208867," "6226389,"

MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO:
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR: FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO:;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/10/115
04:10 PM

2022/10/115
04:14 PM

2022/10/15
05:11 PM

2022/10/115
05:13 PM

10/19/2022 04:05:11 PM
Workspace: 17215804
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"8493204," "6661901," |AT, BE, BG, BR, BY,

"7430299," "6567524," |CA, CH, CN, CS, CU,

"7107109," "4947440," |CZ, DD, DE, DK, EA,

"9037458" EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L45 461 "4054749," "6298323," |(US-PGPUB; USPAT; |OR ON ON 2022/10117
"6804643," "6163338," |USOCR; FIT (AP, AT, 09:39 AM
"6748238," "6021325," |AU, BE, BG, BR, BY,

"8750295," "7920557," |CA, CH, CN, CS, CU,

"20030265246" Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L46 74 "20050288057," (US-PGPUB; USPAT; |OR ON ON 2022/10117
"20060195322," USOCR; FIT (AU, AP, 10:26 AM
"20070043563," AT, BE, BG, BR, BY,

"20010046304," CA, CH, CN, CS, CU,
"20070189544," Cz, DD, DE, DK, EA,
"20060092043," EE, EP, ES, FI, FR, GB,
"20020106091," HR, HU, ID, IE, IL, IS,
"20040109668," IT, JP, KR, LT, LU, LV,
"20020118798," MA, OA, RU, SU, WO,
"20040042103," MC, MD, MY, NL, NO,
"20030161097" Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L47 76 "20160104452," (US-PGPUB; USPAT; |OR ON ON 2022/10117
"20040203351," USOCR; FIT (AU, AP, 10:34 AM
"20080165988," AT, BE, BG, BR, BY,

"20070291953," CA, CH, CN, CS, CU,
"20110096939," Cz, DD, DE, DK, EA,
"20060067551," EE, EP, ES, FI, FR, GB,
"20090024234," HR, HU, ID, IE, IL, IS,
"20090010456," IT, JP, KR, LT, LU, LV,
"20070086600," MA, OA, RU, SU, WO,
"20040190737," MC, MD, MY, NL, NO,
"20040196992" Nz, PH, PL, PT, RO,
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L48 25

L49 10

L50 16

L51 530

"20050123146,"
"20040125965,"
"20060083395,"
"20110264447."
"20100296668,"

"8045840"

(US-4809262-$|US-
5259033-$|US-
6304648-$|US-
6381572-$|US-
6647368-$|US-
6754359-$|US-
6870807-$|US-
5999828-$).DID.

"7236580," "7783054,"
"7986802," "8060366,"
"8275145," "8380521,"
"8401178," "8838184,"

RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, Cs, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, Sl, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ,DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, S|, 8K,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/10117
10:40 AM

2022/10117
10:43 AM

2022/10117
10:48 AM

2022/10117
02:44 PM

10/19/2022 04:05:11 PM
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L52 1423

L53 648

L54 58

"7039195," "8081780,"
"6728385"

"6738482," "6081732,"
"6169912," "6570985,"
"7349353," "5131032,"
"6760453," "5963901,"
"6021207," "5692059,"
"6118878"

"6631196," "7817803,"
"8027481," "5796819,"
"703608," "7004097,"
"6466666,"
"20080037801,"
"20010046304"

"20030112947,"
"20040137969,"
"20050102133,"
"20060062395,"
"20070291953,’
"20080019539,"
"20090147966,’
"20120184337,"
"20130051543,
"20140370838,"
"20150288823"

Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO:;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/10117
02:50 PM

2022/10117
02:53 PM

2022/10117
03:00 PM

10/19/2022 04:05:11 PM
Workspace: 17215804
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L55 64

L56 8

L57 31

L58 6348

"20090010444,"
"20050058313,’
"20050069161,"
"20070189544
"20040202340,"
"20090034748,
"20070036342,
"20060067512"

(US-20220823-$ | Us-
6415034-$ | US-
6754359-$ | US-
20050058313-$ | Us-
20050168824-$).DID.

"1385324"

Jens.inv. AND
background AND noise

VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT:
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,

OR

OR

OR

OR

ON

ON

ON

ON

ON

ON

ON

ON

2022/10117
03:04 PM

2022/10/118
10:09 AM

2022/10/118
10:24 AM

2022/10/18
10:33 AM

10/19/2022 04:05:11 PM
Workspace: 17215804
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L59 375220
L60 18
L61 183

Jens Erik.inv. AND
background AND noise

"6,754,359"

"6754359"

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT:;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, Cs, CU,
CZ, DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA,CH,CN, CS, CU,
CZ,DD, DE, DK, EA,

EE, EP, ES, FI, FR, GB,

HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/10/18
10:36 AM

2022/10/118
01:09 PM

2022/10/118
01:09 PM

10/19/2022 04:05:11 PM
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IBM_TDB)

L62 35 "8526645" (US-PGPUB; USPAT; |OR ON ON 2022/10/18
USOCR; FIT (AU, AP, 02:06 PM
AT, BE, BG, BR, BY,

CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L63 19 ("5182774" | "8526645" |(US-PGPUB; USPAT; |OR ON ON 2022/10/18
| "9173045" | "9729957" |USOCR) 02:06 PM
| "9749732" |
"20070098187" |
"20080107287" |
"20100002891" |
"20110280411" |
"20140254828" |
"20140294191" |
"20150010158" |
"20150023515" |
"20160232889" |
"20170223443" |
"20170245045" |
"20180122400" |
"20180288546" |
"20190313196").pn. OR
("11206003").urpn.

AND (PGPB | USPT |
USOC).dbnm.

L64 51 "8081780" (US-PGPUB; USPAT; |OR ON ON 2022/10/18
USOCR) 02:09 PM

L65 141 ("2850012" | "2876767" [(US-PGPUB; USPAT; |OR ON ON 2022/10/18
| "3110356" | "3505999" |USOCR) 02:10 PM
| "3602654" | "4006796"
| "4029083" | "4060080"
| "4834211" | "4896679"
| "4913165" | "5131411"
| "5333622" | "6256396"
| "6368288" | "6368289"
| "6440102" | "7171371"
| "7756281" | "7779844"
| "7817803" | "7822219"
| "7886745" | "7913696"
| "8018328" | "8047207"
| "8081780" | "8111839"
| "8142870" | "8150043"
| "8150044" | "8170228"
| "8194864" | "8194865"
| "8199919" | "8208644"
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| "8208652" | "8213629"
| "8213649" | "8221860"
| "8221861" | "8229128"
| "8251925" | "8311228"
| "8312960" | "8315400"
| "8319620" | "8326628"
| "8326635" | "8437492"
| "8447031" | "8499886"
| "9479859" | "9485595"
| "10917711" |
"11102563" |
"20020143242" |
"20070270988" |
"20080015463" |
"20080031475" |
"20080037797" |
"20080046246" |
"20080130906" |
"20080137873" |
"20080144840" |
"20080144841" |
"20080144842" |
"20080176289" |
"20080178088" |
"20080181419" |
"20080181442" |
"20080205660" |
"20080212787" |
"20080219456" |
"20080219486" |
"20080240458" |
"20080253583" |
"20080267416" |
"20080299339" |
"20080311324" |
"20090016541" |
"20090016542" |
"20090022294" |
"20090022353" |
"20090028356" |
"20090034765" |
"20090067661" |
"20090071486" |
"20090071487" |
"20090101433" |
"20090130423" |
"20090146799" |
"20090147966" |
"20090154748" |
"20090155518" |
"20090192407" |
"20090214072" |
"20090220096" |
"20090238374" |
"20090238386" |
"20090240497" |
"20090245530" |
"20090264161" |
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"20090290721" |
"20100002897" |
"20100012420" |
"20100033313" |
"20100071707" |
"20100074451"
"20100076793" |
"20100135502" |
"20100142715" |
"20100142725" |
"20100177918" |
"20100241256" |
"20100322454" |
"20110079227" |
"20110085689" |
"20110115626" |
"20110228963" |
"20110235843" |
"20110311079" |
"20120101514" |
"20120103346" |
"20120123573" |
"20120177209" |
"20120177210" |
"20120288104" |
"20130035608" |
"20130039518" |
"20130098706" |
"20130123919" |
"20160057551"
"20190111456"
"20200314519" |
"20210152924" |
"20210243514").pn. OR
("11477560").urpn
AND (PGPB | USPT |
USOC).dbnm.

L66 98 "6415034"

L67 2 "20050168824"

L68 97 (audio adj3 content)

SAME voice SAME

(US-PGPUB; USPAT;
USOCR)

(US-PGPUB; USPAT;
USOCR; FIT (AU, AP,
AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

(US-PGPUB; USPAT,;
USOCR; FIT (AU, AP,

OR

OR

OR

ON

ON

ON

ON

ON

ON

2022/10/18
03:29 PM

2022/10119
11:53 AM

2022/10119
12:14 PM
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activity SAME threshold

AT, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
Nz, PH, PL, PT, RO,
RS, SE, SG, S, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L69 50 (audio adj3 content) (US-PGPUB; USPAT; |OR ON ON 2022/10/19
SAME (voice adj3 USOCR; FIT (AP, AT, 12:47 PM
activity) SAME AU, BE, BG, BR, BY,
threshold CA,CH,CN, CSs, CU,

CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SlI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

L70 21 (audio adj3 content) (US-PGPUB; USPAT; |OR ON ON 2022/10/19
SAME (voice adj3 USOCR) 12:49 PM
activity) SAME
threshold

L71 36 (audio adj3 content) (US-PGPUB; USPAT; |OR ON ON 2022/10/19
SAME (voice SAME USOCR) 12:50 PM
activity) SAME
threshold

L72 292 (audio adj3 content) (US-PGPUB; USPAT; |OR ON ON 2022/10/19
SAME (voice adj3 USOCR) 12:51 PM
activity)

L73 274 L72 AND ( (H04R3/005 [(US-PGPUB; USPAT; [(OR ON ON 2022/10/19
OR HO04R1/1041 OR USOCR) 01:03 PM
HO04R1/1016 OR
H04R1/1083 OR
H04R2420/07 OR
HO04R3/00 OR
H04R25/505 OR
H04R2410/05 OR
H04R25/02 OR
H04R3/002 OR
H04R2201/107 OR
H04R2430/01 OR
H04R29/008 OR
H04R2460/01 OR
H04R2460/05 OR
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H04R2460/15 OR
H04R2499/13 OR
H04R29/004 OR
HO04R1/08 OR
H04R29/00 OR
H04R25/554 OR
H04R2225/55 OR
H04R2430/03 OR
H04R25/43 OR
H04R25/50 OR
H04R29/001 OR
H04R3/02 OR
HO04R1/1075 OR
HO04R1/406 OR
HO04R3/04 OR
H04R2420/01 OR
H04R25/407 OR
H04R25/453 OR
H04R2499/11 OR
HO04R1/10 OR
H04R2225/41 OR
H04R2225/43 OR
H04R2460/09 OR
HO04R25/40 OR
H04R25/558 OR
H04R25/604 OR
H04R25/652 OR
H04R1/028 OR
H04R2201/401 OR
H04R2225/61 OR
H04R2460/13 OR
H04R25/305 OR
H04R25/65 OR
H04R5/04 OR
HO04R1/02 OR
H04R2225/023 OR
H04R2225/025 OR
H04R2225/39 OR
H04R2430/20 OR
H04R2430/21 OR
H04R2460/11 OR
HO04R25/405 OR
H04R25/48 OR
H04R25/603 OR
H04R1/1091 OR
H04R2201/028 OR
H04R2201/103 OR
H04R2201/109 OR
H04R2227/003 OR
H04R2227/009 OR
H04R25/30 OR
H04R25/552 OR
H04R27/00 OR
H04R29/005 OR
H04R5/027 OR
G10L25/78 OR
G10L19/09 OR
G10L19/005 OR
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G10L19/06 OR
G10L2019/0011 OR
G10L19/012 OR
G10L19/002 OR
G10L19/0212 OR
G10L19/07 OR
G10L19/083 OR
G10L19/12 OR
G10L19/22 OR
G10L2019/0002 OR
G10L2019/0016 OR
G10L21/0208 OR
G10L156/22 OR
G10L2021/02087 OR
G10L15/20 OR
G10L21/0264 OR
G10L21/02 OR
G10L21/0364 OR
G10L25/51 OR
G10L15/00 OR
G10L17/00 OR
G10L19/00 OR
G10L19/008 OR
G10L2015/223 OR
G10L15/30 OR
G10L17/04 OR
G10L21/0216 OR
G10L21/0272 OR
G10L15/26 OR
G10L19/018 OR
G10L2021/02082 OR
G10L2021/02165 OR
G10L2025/937 OR
G10L25/84 OR
G10L15/065 OR
G10L19/04 OR
G10L19/107 OR
G10L19/26 OR
G10L19/265 OR
G10L2015/227 OR
G10L2015/228 OR
G10L2021/02166 OR
G10L2021/02168 OR
G10L21/0232 OR
G10L25/03 OR
G10L25/30 OR
G10L13/027 OR
G10L19/0204 OR
G10L2015/088 OR
G10L2025/932 OR
G10L25/06 OR
G10L25/21 OR
G10L25/93 OR
G10L15/005 OR
G10L15/063 OR
G10L15/16 OR
G10L15/1815 OR
G10L15/1822 OR
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G10L17/08 OR
G10L17/24 OR
G10L19/032 OR
G10L19/035 OR
G10L19/167 OR
G10L19/173 OR
G10L19/24 OR
G10L2015/025 OR
G10L2019/0014 OR
G10L2025/783 OR
G10L21/00 OR
G10L21/003 OR
G10L21/0316 OR
G10L21/0324 OR
G10L21/0356 OR
G10L21/10 OR
G10L25/18 OR
G10L25/24 OR
G10L25/54 OR
G10L25/57 OR
G10L25/81 OR
G10L15/01 OR
G10L15/04 OR
G10L15/08 OR
G10L15/25 OR
G10L17/18 OR
G10L17/22 OR
G10L19/0017 OR
G10L19/20 OR
G10L2025/786 OR
G10L21/034 OR
G10L25/60 OR
H04M3/568 OR
H04M9/08 OR
H04M1/6008 OR
H04M1/6066 OR
H04M1/22 OR
H04M1/72412 OR
H04M1/82 OR
H04M19/04 OR
H04M19/048 OR
H04M1/60 OR
H04M7/0084 OR
H04M9/082 OR
H04M1/575 OR
H04M1/724 OR
HO04M1/72469 OR
H04M2201/41 OR
H04M2203/6045 OR
H04M2250/12 OR
H04M3/567 OR
H04M9/085 OR
H04M1/0202 OR
H04M1/03 OR
H04M1/2535 OR
H04M1/271 OR
H04M1/6083 OR
H04M2250/10 OR
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H04M2250/52 OR
H04M3/20 OR
H04M3/428 OR
H04M3/4285 OR
H04M3/56 OR
HO04N5/23238 OR
HO04N21/4394 OR
HO04N5/2628 OR
H04N21/44008 OR
HO04N5/2252 OR
HO04N5/23267 OR
H04N21/8456 OR
HO04N5/23218 OR
HO04N13/111 OR
HO04N21/233 OR
HO04N21/43072 OR
H04N21/4316 OR
HO04N21/47 OR
H04N21/47205 OR
HO04N21/47217 OR
H04N21/4884 OR
HO04N5/04 OR
HO04N5/23219 OR
HO04N5/23254 OR
HO04N5/76 OR
HO04N13/117 OR
HO04N13/359 OR
H04N21/23418 OR
H04N21/8547 OR
HO04N5/2251 OR
HO04N5/2254 OR
HO04N5/23216 OR
HO04N5/23232 OR
H04N13/106 OR
HO04N13/239 OR
HO04N21/251 OR
HO04N21/42203 OR
H04N21/435 OR
H04N21/439 OR
HO04N21/44 OR
HO04N21/4415 OR
HO04N21/44227 OR
H04N21/8549 OR
HO04N5/05 OR
HO04N5/10 OR
HO04N5/23222 OR
HO04N5/23258 OR
HO04N5/2327 OR
HO04N©9/67 OR
H04N9/802 OR
H04N©9/8205 OR
HO04N1/2133 OR
HO04N21/242 OR
H04N21/43074 OR
H04N21/8106 OR
H04N21/84 OR
H04N21/845 OR
HO04N21/854 OR
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HO04N5/2253 OR
HO04N5/23241 OR
HO04N5/23264 OR
HO04N5/232933 OR
HO04N5/23299 OR
HO04N5/783 OR
HO04N7/08 OR
H04N7/0885 OR
H04N©9/806 OR
HO04N9/87 OR
HO04N13/229 OR
HO04N13/25 OR
HO04N13/344 OR
H04N21/2335 OR
HO04N21/2662 OR
HO04N21/440281 OR
H04N21/44209 OR
H04N21/4666 OR
H04N21/6587 OR
HO04N5/232 OR
H04N5/23203 OR
HO04N5/247 OR
HO04N5/265 OR
HO04N5/272 OR
H04143/0829 OR
H04L65/80 OR
H04L12/66 OR
H04L65/403 OR
H04L1/0009 OR
H04L1/0014 OR
H04L1/007 OR
H04L1/08 OR
H04L43/00 OR
H04L43/0847 OR
H04L43/0852 OR
H04L43/087 OR
H04L43/16 OR
H04L65/1083 OR
H04L67/104 OR
H04L69/10 OR
H04L65/612 OR
H04L45/74 OR
H04L47/2441 OR
H04L47/30 OR
H04L47/34 OR
H04L65/1069 OR
H04L65/4015 OR
H04L65/60 OR
H04L65/75 OR
H04L65/762 OR
H04L67/01 OR
H04L63/0428 OR
H04\W4/80 OR
HO04W72/1215 OR
H04W72/1242 OR
H04\W88/06 OR
H04\W12/02 OR
H04H20/28 OR
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H04H20/423 OR
HO04H60/07).cpc.)

PE2E SEARCH - Search History (Interference)

There are no Interference searches to show.
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Doc code: IDS

Doc description: Information Disclosure Statement (IDS) Filed
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Approved for use through 11/30/2020. OMB 0651-0031
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.89)

Application Number 17215804

Filing Date P021-03-29

First Named Inventor ‘ Steven Wayne Goldstein
Art Unit | oPAP

Examiner Name ‘ UNKNOWN

Attorney Docket Number | CONT2-16247186

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages Columns, Lines where
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INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | oPap

Examiner Name ‘ UNKNOWN

Attorney Docket Number

| CONT2-16247186

/1.8 |9 5903868 1999-05-11  |lvuen etal.
/L.8/ |40  |pB876843 19750408 |[Moen
/L.8/ 11 5208867 1993-05-04 Stites, |l
/L.8/ |12 b226389 D001-05-01 | emelson et al.
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19 H037458 D015-05-19  ||Park et al.

/L.8/

EFS Web 2.1.18

Exhibit 1004
Page 0653 of 1251




INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
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Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | oPap

Examiner Name ‘ UNKNOWN

Attorney Docket Number

| CONT2-16247186

/.87 |20 po054749 1977-10-18 Buzuki et al.
/L.8/ 21 5298323 P001-10-02 Kaemmerer
/n.s/ |22 5804643 P004-10-12 Kiss
/L.8/23  |p163338 D000-12-19  |Pohnson et al.
JL.s/ |24 5748238 D004-06-08 | au
/L.s/ 25 6021325 P000-02-01 Hall
/L.8/ |26 ||B750205 D014-06-10  ||Liron
/L.8/ 27 7920557 011-04-05 Moote
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( Not for submission under 37 CFR 1.29)

Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | oPap

Examiner Name ‘ UNKNOWN

Attorney Docket Number

| CONT2-16247186

J1.s)2 D0050288057 p005-12-29  |Lai et al.
.8/ |3 D0060195322 D006-08-31  ||roussard et al,
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/L.8/ |5 0010046304 D001-11-29 Rast
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Application Number 17215804

Filing Date 2021-03-29

First Named Inventor ’ Steven Wayne Goldstein
Art Unit | oPap

Examiner Name ‘ UNKNOWN

Attorney Docket Number

| CONT2-16247186

j.s, |13 D0160104452 p016-04-14  |fGuan et al.
/n.8/ |14 D0040203351 D004-10-14  |[Shearer et al.
/n.s/ |15 D0080165988 D008-07-10  |[rerlizzi et al.
/n.s/ |16 D0070291953 p007-12-20  |Ngia et al.

Jn.s/ |17 D0110096939 p011-04-28  |fchimura
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Filing Date 2021-03-29
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Attorney Docket Number
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Y, 27 20110264447 P011-10-27 Visser et al.
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/L.s/ |30 0100061564 P010-03-11 Clemow et al.
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Dlwal, A. and Feiner S. Interaction Techniques Using Prosodic Features of Speech and Audio Localization.

/n.s/ |1 Proceedings of IUI 2005 (International Conference on Intelligent User Interfaces), San Diego, CA, Jan 9-12, 2005, p.
P84-286.
Bernard Widrow, John R. Glover Jr., John M. McCool, John Kaunitz, Charles S. Williams, Robert H. Hearn, James R.
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First Named Inventor ’ Steven Wayne Goldstein
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N Art Unit | oPap
( Not for submission under 37 CFR 1.29)

Examiner Name ‘ UNKNOWN

Attorney Docket Number | CONT2-16247186

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That ne item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /John P. Keady/ Date (YYYY-MM-DD) 2022-01-10

Name/Print John P. Keady Registration Number |56389

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1430, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review {35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her desighee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Doc code: IDS

Doc description: Information Disclosure Statement (IDS) Filed

PTO/SB/08a (02-18)

Approved for use through 11/30/2020. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.89)

Application Number 17215804

Filing Date P021-03-29

First Named Inventor ‘ Steven Wayne Goldstein
Art Unit | 2651

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number

| CONT2-16247186

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages Columns, Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document

Figures Appear

If you wish to add additional U.S. Paten

t citation information please click the Add button.

Add

U.S.PATENT APPLICATION PUBLICATIONS

Remove

Examiner
Initial*

Cite No

Publication
Number

Kind

Code’| Date

Publication

Name of Patentee or Applicant
of cited Document

Pages,Columns,Lines where
Relevant Passages or Relevant
Figures Appear

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS

Remove

Examiner
Initial*

Cite
No

Foreign Document
Number3

Country
Code2j

Kind
Code#

Publication

Date Document

Name of Patentee or
Applicant of cited

Pages,Columns,Lines
where Relevant
Passages or Relevant
Figures Appear

Ts

If you wish to add additional Foreign Patent Document citation information please click the Add button

Add

NON-PATENT LITERATURE DOCUMENTS

Remove

Examiner|
Initials™

Cite
No

Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
(book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue humber(s), TS

publisher, city and/or country where published.
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Application Number 17215804

Filing Date 2021-03-29

INFORMATION DISCLOSURE

First Named Inventor ’ Steven Wayne Goldstein

STATEMENT BY APPLICANT

N Art Unit | 2651
( Not for submission under 37 CFR 1.29)

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number | CONT2-16247186

BAMSUNG ELECTRONICS CO., LTD., and SAMSUNG ELECTRONICS, AMERICA, INC.,
. STATON TECHIYA, LLC, IPR2022-00282, December 21, 2021

BAMSUNG ELECTRONICS CO., LTD., and SAMSUNG ELECTRONICS, AMERICA, INC.,
. STATON TECHIYA, LLC, IPR2022-00242, December 23, 2021

/n.g/ 3 BAMSUNG ELECTRONICS CO., LTD., and SAMSUNG ELECTRONICS, AMERICA, INC.,
. STATON TECHIYA, LLC, IPR2022-00243, December 23, 2021

/n.8/ |4 BAMSUNG ELECTRONICS CO., LTD., and SAMSUNG ELECTRONICS, AMERICA, INC.,
. STATON TECHIYA, LLC, IPR2022-00234, December 21, 2021

BAMSUNG ELECTRONICS CO., LTD., and SAMSUNG ELECTRONICS, AMERICA, INC.,

/L.8/ |5 I STATON TECHIYA, LLC, IPR022-00253, January 18, 2022

BAMSUNG ELECTRONICS CO., LTD., and SAMSUNG ELECTRONICS, AMERICA, INC.,

/L.8/16 . STATON TECHIYA, LLC, IPR2022-00324, January 13, 2022

|4 EAMSUNG ELEGTRONICS CO., LTD., and SAMSUNG ELEGTRONICS, AMERICA, ING.,
/L.s/ /. STATON TECHIYA, LLC, IPR2022-00281, January 18, 2022

/L.s/|g BAMSUNG ELECTRONICS CO., LTD., and SAMSUNG ELECTRONICS, AMERICA, INC.,
. STATON TECHIYA, LLC, IPR2022-00302, January 13, 2022

/n.8/ BAMSUNG ELECTRONICS CO., LTD., and SAMSUNG ELECTRONICS, AMERICA, INC.,
. STATON TECHIYA, LLC, IPR2022-00369, February 18, 2022

/L.8/ |10 BAMSUNG ELECTRONICS CO., LTD., and SAMSUNG ELECTRONICS, AMERICA, INC.,
. STATON TECHIYA, LLC, IPR2022-00388, February 18, 2022

/L.8/ 11 BAMSUNG ELECTRONICS CO., LTD., and SAMSUNG ELECTRONICS, AMERICA, INC.,
. STATON TECHIYA, LLC, IPR2022-00410, February 18, 2022
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Application Number 17215804

Filing Date 2021-03-29
INFORMATION DISCLOSURE First Named Inventor ’ Steven Wayne Goldstein
STATEMENT BY APPLICANT At Uni
v nit | 2651
( Not for submission under 37 CFR 1.29)
Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number | CONT2-16247186

BAMSUNG ELECTRONICS CO., LTD., and SAMSUNG ELECTRONICS, AMERICA, INC.,

/u.8/ 112 . STATON TECHIYA, LLC, IPR2022-01078, June 9, 2022

/L.8/ |43 BAMSUNG ELECTRONICS CO., LTD., and SAMSUNG ELECTRONICS, AMERICA, INC.,
. STATON TECHIYA, LLC, IPR2022-01099, June 9, 2022

L./ 14 BAMSUNG ELECTRONICS CO., LTD., and SAMSUNG ELECTRONICS, AMERICA, INC.,
. STATON TECHIYA, LLC, IPR2022-01106, June 9, 2022

/L.8/ 15 BAMSUNG ELECTRONICS CO., LTD., and SAMSUNG ELECTRONICS, AMERICA, INC.,
. STATON TECHIYA, LLC, IPR2022-01098, June 9, 2022

If you wish to add additional non-patent literature document citation information please click the Add button| Add
EXAMINER SIGNATURE

Examiner Signature /LUN-SEE LAO/ Date Considered ‘ 10/17/2022

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. 5 Applicant is to place a check mark here if
English language translation is attached.
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Application Number 17215804

Filing Date 2021-03-29

INFORMATION DISCLOSURE

First Named Inventor ’ Steven Wayne Goldstein

STATEMENT BY APPLICANT

N Art Unit | 2651
( Not for submission under 37 CFR 1.29)

Examiner Name ‘ LAO, LUNSEE

Attorney Docket Number | CONT2-16247186

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That ne item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /John P. Keady/ Date (YYYY-MM-DD) 2022-06-29

Name/Print John P. Keady Registration Number |56389

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1430, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review {35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or
his/her desighee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in
an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Doc code: IDS

Doc description: Information Disclosure Statement (IDS) Filed

17/215,804 - GAU: 2651

PTO/SB/08a (02-18)

Approved for use through 11/30/2020. OMB 0651-0031
U.S. Patent and Trademark Cffice; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.89)

Application Number

Filing Date

First Named Inventor ‘ Steven Wayne Goldstein

Art Unit |

Examiner Name ‘

Attorney Docket Number |

U.S.PATENTS Remove
Examiner| Cite Kind Name of Patentee or Applicant Pages Columns, Lines where
e Patent Number Issue Date . Relevant Passages or Relevant
Initial No Code! of cited Document )
Figures Appear
/.87 |1 B600085 P013-12-03 Shaohai Chen, et al.
/L.8/ |2 0584896 P017-02-28 | ethinal Kennedy
/.8 |3 0270244 D016-02-23 ohn Usher, et al.
/L.8f |y 0936297 D018-04-03 George Joseph Dennis
JL.8/ 5 0508335 P016-11-29 Benjamin D. Benaltar, et al.
/L.8/ |6 h0499139 D019-12-03 plaganandan Ganeshkumar
fu.s/|7 B798283 P014-08-05 Daniel M. Gauger, et al.
/L.s8/ |8 0953626 D018-04-24 Paniel M. Gauger, Jr., et al.

If you wish to add additional U.S. Patent citation information please click the Add button.

Add
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17/215,804 - GAU: 2651

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

Application Number

Filing Date

First Named Inventor ’ Steven Wayne Goldstein

Art Unit

Examiner Name ‘

Attorney Docket Number |

U.S.PATENT APPLICATION PUBLICATIONS

Remove

Pages,Columns,Lines where

Examiner| .. Publication Kind | Publication Name of Patentee or Applicant

- Cite No . Relevant Passages or Relevant
Initial Number Code'| Date of cited Document )

Figures Appear

/L8] 1 0170345406 P017-11-30 Archiveades Georgiou, et al.
/L.g8/ |2 20140241553 P014-08-28 Victor Tiscareno, et al.

/L.s8/ |3 P0070177741 P007-08-02 Matthew Williamson
/u.s/ |4 0080205664 P008-08-28 Ju Yun Kim, et al.
/L.8/ 5 20110103606 P011-05-05 Michael W. Silber

/L.8/ |6 20170345406 P017-11-30 Archiveades Georgiou, et al.

If you wish to add additional U.S. Published Application citation information please click the Add button| Add

FOREIGN PATENT DOCUMENTS

Remove

Name of Patentee or Pages,Columns,Lines
Examiner| Cite | Foreign Document | Country Kind | Publication Applicant of cited where Relevant Ts
Initial* No | Number3 Code?j Code?| Date PR Passages or Relevant

Document .

Figures Appear

fn.s/ |1 0080111004 R 2008-12-22  (|a.3t f=Av}

F—FE—FAA Ja—

Y 2 |po13501969 P 20130117 |PPaw7vh=—H€//
S
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17/215,804 - GAU: 2651

Application Number

Filing Date

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

First Named Inventor ’ Steven Wayne Goldstein
Art Unit |

Examiner Name ‘

Attorney Docket Number |

/Ln.8/ 3 JTWM568011U 2018-10-01 |pI EZREATHE

/L.8/ 4 V02008077981 2008-07-03 Farzin Tahmassebi

5 F82273616 2007-12-16  |Farzin Tahmassebi

/L.s/f

/L.s/ |6 CN105554610 2019-01-04 | RS

/L.8/

7 FP2963647 2019-07-31 James M. Kirsch, et al.

/L.s/ |8 CN203761556 2014-08-06 |fFZEH

/L.8/ |9 CN105637892 2020-03-13  |p-S-HEIAT-E- R

fL.8/

10 JP6389232 2018-0912 |pP3> Ta—. etal

If you wish to add additional Foreign Patent Document citation information please click the Add button | Add

NON-PATENT LITERATURE DOCUMENTS Remove
E . . Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item
xaminer| Cite S . . ) s
Initials* | No (book, magazine, journal, serial, symposium, catalog, etc), date, pages(s), volume-issue number(s), T:

publisher, city and/or country where published.

If you wish to add additional non-patent literature document citation information please click the Add button| Add
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17/215,804 - GAU: 2651

Application Number

Filing Date

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

First Named Inventor ’ Steven Wayne Goldstein
Art Unit |

Examiner Name ‘

Attorney Docket Number |

EXAMINER SIGNATURE

Examiner Signature /TN -SEE LAG/ Date Considered 10/17/2022

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through a
citation if not in conformance and not considered. Include copy of this form with next communication to applicant.

1 See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 901.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 3 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPQ Standard ST.16 if possible. ® Applicant is to place a check mark here if
English language translation is attached.
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17/215,804 - GAU: 2651

Application Number

Filing Date

INFORMATION DISCLOSURE

STATEMENT BY APPLICANT
( Not for submission under 37 CFR 1.29)

First Named Inventor ’ Steven Wayne Goldstein
Art Unit |

Examiner Name ‘

Attorney Docket Number |

CERTIFICATION STATEMENT

Please see 37 CFR 1.97 and 1.98 to make the appropriate selection(s):

That each item of information contained in the information disclosure statement was first cited in any communication
from a foreign patent office in a counterpart foreign application not more than three months prior to the filing of the
information disclosure statement. See 37 CFR 1.97(e)(1).

OR

That ne item of information contained in the information disclosure statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge of the person signing the certification
after making reasonable inquiry, no item of information contained in the information disclosure statement was known to

[] any individual designated in 37 CFR 1.56(c) more than three months prior to the filing of the information disclosure
statement. See 37 CFR 1.97(e)(2).

See attached certification statement.
The fee set forth in 37 CFR 1.17 (p) has been submitted herewith.

X A certification statement is not submitted herewith.

SIGNATURE
A signature of the applicant or representative is required in accordance with CFR 1.33, 10.18. Please see CFR 1.4(d) for the
form of the signature.

Signature /John P. Keady/ Date (YYYY-MM-DD) 2021-03-29
Name/Print John P. Keady Registration Number |56389

This collection of information is required by 37 CFR 1.97 and 1.98. The information is required to obtain or retain a benefit by the
public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR
1.14. This collection is estimated to take 1 hour to complete, including gathering, preparing and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.O. Box 1430, Alexandria, VA 22313-1450. DO NOT SEND
FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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17/215,804 - GAU: 2651

Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised
that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information solicited
is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office is to
process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act
(5 U.8.C. 552) and the Privacy Act (5 U.5.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these record s.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for
the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant
to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
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Description
Field of the invention

[0001] The invention relates generally to enhancing
speech quality in a telecommunications system, and
more specifically to reducing the effect of background
noise in the communication between users.

Background of the invention

[0002] Due totherecentexplosive increase in the mo-
bile device penetration, it is no more surprising to see
people going on the sidewalk or pedestrian area with a
mobile phone on their ear. The mobile phone is consid-
ered as a practical tool and it is supposed to be carried
with to almost anywhere. People are supplied with
means for being within reach in principle independently
of time and location. As a consequence it may some-
times happen that the surroundings are not optimal for
convenient telephoning. In fact, the sight of people trying
to make a phone call in noisy places, such as restau-
rants or street corners, is getting more common all the
time.

[0003] Technically, to provide the user with a micro-
phone system which operates in a difficult acoustic en-
vironment has not been a difficult task in many years.
For example, U.S. patent 5,327,506 discloses a speak-
er/microphone system that should be applicable in
background noise levels up to far beyond over 100 dec-
ibels. Such a system is suitable for persons in high am-
bient noise environments, such as for helicopter pilots.
The idea in 506 is that the outgoing voice sounds are
taken from the air within the external auditory canal of
a person while substantially eliminating audio vibration
pickup of sound transmitted by bone conduction.
[0004] Another approach for high background noise
microphone arrangements is found in U.S. patent
5,659,620. Here the microphone holder is designed for
arrangement in its entirety in the outer ear outside the
auditory meatus, and the microphone unit being mount-
ed in vibration transmitting tissue contact in a part of the
edge of the holder facing the bottom of tragus. As one
of the benefits, all surround tones are not cut off thus
increasing the comfort of wearing such a device. When
people talk, vibrations in the throat and vocal cords are
generated. The vibrations propagate through the bony
and liquid-filled tissue, and the idea in 620 is that the
jawbone which passes near the front part of the outer
ear produces a strong transmission and transfers con-
siderably more of the persons speech than if the signal
were collected in the throat.

[0005] The idea of getting almost a background free
aural image from inside the ear has also been adapted
within the area of mobile communications, as illustrated
in the international patent application WO 02/07477. In
order to reduce and isolate bone conduction of sound,
a sound isolation cup serves as a jacket that surrounds
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a miniature transducer inside the housing of a micro-
phone/loudspeaker element that is placed in the ear.
[0006] However, under low background noise circum-
stances, the solutions above suffer from a poorer acous-
tical quality than an ordinary microphone system. In the
620 approach discussed above, the low spectrum dom-
inates the transmitted sound spectrum because of the
acoustical properties of the tissue. This means that in
order to keep the sound quality acceptable, or at least
to have a proper balance in the sound, the low frequen-
cies have to be filtered. In the other two approaches dis-
cussed above, because the acoustic conduct from the
speech producing organs to the ear is far from optimal,
the sound quality gets badly distorted. Hence, prior art
solutions can only be considered as enabling solutions,
and in order to keep in pace with the challenging market,
the wishes of the quality-conscious consumers of a mo-
bile device with a good sound quality and a possibility
to use the device also under high background noise con-
ditions need to be fulfilled. The prior art solutions do not
serve this purpose.

[0007] It is an object of the invention to bring about a
system and method which provides the users of mobile
devices with the best possible audio quality under high
background noise circumstances and otherwise reduc-
es the effect of the background noise.

Summary of the invention

[0008] This and other objectives of the invention are
accomplished in accordance with the principles of the
present invention by providing a system in which the
processing of collected audio information is changed ac-
cording to the estimated level of background noise thus
reducing its overall effect.

[0009] More specifically, audio information is collect-
ed with two transducers having different sensitivity to the
background noise. The background noise is estimated
and i) amplification gain of the signals is modified before
the signals are combined to a combined signal, or ii) the
way of combining the signals is changed, which can be
done either digitally or analogously.

[0010] According to the first embodiment of the inven-
tion, gain of at least one of the amplifiers adapted to am-
plify the detected signal is adjusted based on the noise
estimate. The signal is then amplified using the adjusted
gain thus producing at least one amplified signal. After
this step, a combined signal is constructed from one or
more of the amplified signals, and in the combined sig-
nal, the proportion of background noise is less than in
one of the detected signals.

[0011] According to one aspect of the present inven-
tion, the system has also storage means for storing at
least one noise estimate, and, correspondingly, also
comparison means to compare said stored noise esti-
mate with a predefined threshold value. After the com-
parison, a differential noise estimate is passed to gain
control means.
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[0012] According to another aspect of the present in-
vention, the system comprises storage means for stor-
ing at least two gain control parameters and comparison
means for comparing at least two stored gain control pa-
rameters. The result of the comparison may be a differ-
ential gain parameter to be passed to the amplification
means.

[0013] According to another aspect of the present in-
vention, the gain control is adjusted to change the gain
between the first and second microphones so that the
gain of the first microphone is increased whereas the
gain of the second microphone is decreased if the noise
estimate indicates that the background noise level is
above a first threshold value. Further, the gain control
can be adjusted to change the gain of the second mi-
crophone substantially close to zero value if the back-
ground noise estimate shows that the background noise
level is above a second threshold value. Respectively,
they can be adapted to adjust the relative gain of the
first microphone substantially close to one if the back-
ground noise estimate shows that the background noise
level is above a pre-set threshold value.

[0014] In one preferred embodiment of the invention
the first microphone is to be placed in the auditory canal
of a user of the mobile handset; also a jawbone micro-
phone can be used. The second microphone may be a
microphone mounted in the mobile handset or in a ve-
hicle, or it may be fixed in a hands-free set of a mobile
handset. Examples of such mobile handsets where the
invention may be used are mobile phones, PDA devic-
es, laptop computers, dictation machines and so forth.

Brief Description of the Drawings

[0015] In the following, the invention and its preferred
embodiments are described more closely referring to
the examples shown in FIG. 1-7 in the appended draw-
ings, wherein:

FIG. 1 illustrates one system for reducing the effect
of background noise,

FIG. 2 illustrates another system for reducing the
effect of background noise,

FIG. 3 shows one microphone set-up according to
a preferred embodiment of the invention,

FIG. 4A  shows another microphone set-up accord-
ing to another preferred embodiment of the
invention,

FIG. 4B illustrates a variation of the set-up shown in
FIG. 4A,

FIG. 5 shows one audio data collection set-up in-

cluding two microphones,
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FIG. 6 illustrates the relationship between noise
level estimate and gains with which the sig-
nals detected by the microphones are am-
plified, and

FIG.7 illustrates how a switch can be included into

the system.
Detailed description of the invention

[0016] FIG. 1 illustrates a first system for reducing the
effect of background noise, for example, in a micro-
phone. Mechanical vibrations or pressure variations,
preferably originating from speech Sp distorted by
noise, is collected with a first transducer serving as a
microphone 101, producing a signal $4 which is then
amplified with a gain g4 using an amplifier 102 to pro-
duce an amplified signal g48,. The system also includes
another microphone 103 and a corresponding amplifier
106, the microphone 103 similarly being exposed to
speech §, and background noise and producing first a
signal S, which is after amplification denoted by g,S,,
where g, corresponds to the gain of the amplifier 106.
Both microphones 101 and 103 are transducers that
convert acoustical or mechanical vibrations to an elec-
tric signal, i.e. normally to a small current, and they ex-
hibit different sensitivity to background noise. The rea-
son for the different noise sensitivity may be that the first
microphone 101 is a bone conductor microphone or an
earplug type microphone, whereas the second micro-
phone 103 is a normal type transducer commonly used
as a microphone in mobile terminals, and therefore
more sensitive to noise than the aforementioned types
of microphones.

[0017] Preferably, the microphones 101 and 103 are
assembled to receive human speech Sp, and in partic-
ular such a speech that is going to be further processed
in a mobile terminal to be sent to a remote party of the
discussion. It is by no means necessary that the speech
S, to be collected by the microphone (101 or 103) is
originating from a single person, but may be originating
from a conference call etc.

[0018] The output signals §; and S, of the micro-
phones 101 and 103 are transmitted to a noise estimator
104 which includes means adapted to estimate back-
ground noise level thus producing noise estimates NE,
and NE,. The noise level can be estimated for both mi-
crophones 101 and 103 separately, the output signals
S1 and S2 of both microphones 101 and 103 may be
used to obtain a combined signal from which the noise
is estimated, or only the output of the microphone 103
more sensitive to background noise may be used for
noise estimation. In the latter two cases only one noise
estimate is produced.

[0019] Forexample, the noise estimation can be done
by averaging short periods of the signal 81 or S2. During
a silent period, i.e. when the user does not speak, the
measured signal level is a good approximation of the
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background noise. This kind of approach is commonly
used in the Discontinuous Transmission DTX widely
used in the Global System for Mobile communications
GSM, when instead of the coded silence only so called
DTX parameters describing the nature of the back-
ground noise are sent, thus reducing obsolete usage of
the air interface. The DTX parameters are received in
the remote end or in the network between persons talk-
ing to each other and some noise similar to background
is generated, calling this generated noise Comfort
Noise. The idea of Comfort Noise comes from the ob-
servation that if during a telephone conversation the
loudspeaker gets silent while one person is talking, he
or she does not feel comfortable. Modern GSM mobile
phones, for example, thus already have means for es-
timating and describing background noise. Similar
means can be applied in the noise estimator 104 for
serving the implementation of the invention.

[0020] The noise estimates NE4 and NE, generated
are passed to a gain control means 105. The gain con-
trol means 105 adjust the gain g4, g, of the both ampli-
fiers 102 and 106. In the adjustment, a noise estimate
NE, or NE, is used to determine the desired amplifica-
tion gain. For this purpose the system may include stor-
age means for noise-amplification relationships, includ-
ing means 108 and 109, e.g. tables or functions which
respond with a desired gain level g, to a query including
a corresponding noise level NE,. For example, means
108 return a gain value g, in response to noise estimate
NE,, and means 109 return a gain value g, in response
to noise estimate NE,.

[0021] Inotherwords, means 108 and 109 tell the gain
control means 105 what is the optimal relation between
a noise estimate NE, and an amplifier gain g,. Means
108 and 109 are preferably microphone specific, i.e.
there are two tables in the system. The gain control
means 105 get the noise estimate NE,, retrieve the gain
values g, corresponding the estimate of present noise
NE, and determine how the gain g4 and g, of the am-
plifiers 102 and 106 is to be adjusted. In principle, the
gain values g4 and g, get values between 0 and 1 so
thatg, + g, =1.

[0022] After passing the gain adjustment information
g4 and g, to the amplifiers 102 and 106, the amplifiers
amplify the signals S; and S, using the amplifier gain
set based on the gain adjustment information. After am-
plifying, a combined signal S is constructed in the com-
bining means 107, the construction being made using
the amplified signals g484 and g,S,. This may include
changing the delay and phase of at least one of the sig-
nals g, S, so that the distortion resulting from the ampli-
fication and the signal path is minimised, and finally
summing up the signals g,S, so that the combined sig-
nal S represents a linear combination of the signals S,
and S, detected by the microphones 101 and 103. This
constructed signal S is then ready for being processed
further, including all of the numerous steps necessary
for transmitting the audio information over the air inter-
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face. The combined signal S has a smaller proportion
of background noise than the output signal S, of micro-
phone 103 collected. In this way the effect of back-
ground noise can be reduced.

[0023] Preferably, the tables 108 and 109 are gener-
ated so that corresponding to a change ANE
(=NE{=,-NE{=4) in the noise level NE, there is a corre-
sponding change Ag (=0i=>-9¢=11) in the gain value g,.
As characteristic to one aspect of the present invention,
the gain adjustments of the amplifiers 102, 106 are op-
posed to each other; i.e. when the background noise is
increasing, the gain g4 of the signal detected by the first
(low-noise) microphone 101 is increased whereas the
gain g, of the signal detected by the second (more sen-
sitive to background noise) microphone 103 is de-
creased. It is favourable to normalise the gains so that
the relative gain for the both microphones equals to 1.
[0024] In other words, the means 108 and 109 are
modified to correspond to the different noise behaviour
of the two transducers so that the linear combination of
the signals S = g48 + g,8, detected by the two trans-
ducers serving as microphones 101 and 103 can be
subjectively (by listening) considered optimal. This may
include different threshold values: The first threshold
value corresponds to the value of at least one of the
noise estimates, at which value the quality of signal S,
of the second microphone 103 that is more sensitive to
background noise starts to deteriorate; this is the point
where the relative gain of the first microphone 101 is
increased from substantially zero gain value to a small
value. The second threshold value corresponds to the
value of at least one of the noise estimates NE, at which
the quality of the detected signal of the second micro-
phone 103 is so much worse than the quality of the sig-
nal 8, detected by the first microphone 101 that the rel-
ative gain g, of the second microphone 103 is set to
substantially zero gain.

[0025] As an example, if the first microphone detects
a background noise level of 2,0 mV (corresponding to a
noise 70 dB) and the second microphone detects a
background noise level of 5,0 mV (corresponding to a
noise of 72 dB), the average noise level estimated in the
noise estimator may be between 70 and 72 dB. The rel-
ative gains for the microphones read from the table are
then 0,4 and 0,6, respectively. This is not straightfor-
ward, because the sensitivity of the microphone plays a
significant role; the signal levels may need to be adjust-
ed to correspond some reference level. The relative
gains are then to be understood against this reference
level only.

[0026] When the detected background noise jumps to
2,2 mV (71 dB) and 7,0 mV (76 dB), the average noise
level may be estimated to be between 71 and 76 dB.
The relative gains for the microphones read from the ta-
ble are then 0,95 and 0,05, respectively. The second mi-
crophone is more sensitive to the background noise, i.
e. the background noise generates a bigger impulse in
the microphone. Secondly, the second microphone is
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not yet shut-off completely, because the noise level is
not above a defined shut-off threshold value for back-
ground noise.

[0027] The transition at different moments of time be-
tween subsequent values of the relative signal 84 and
S, proportions in the combined signal § defined by a
ratio g4/g, (when g2#0) can thus be made smooth or at
least to correspond small steps in order to avoid abrupt
transitions that might be considered annoying by the lis-
tener. This corresponds to successive changes of g4
and g,. Nevertheless, it is to be noted that this is not
necessary, but the transition may resemble a step func-
tion, i.e. the gain g4 for the signal detected by the first
microphone 101 is zero below a threshold value and one
otherwise, and the gain g, for the signal detected by the
second microphone is then reversed, i.e. it obtains val-
ues 1-gq.

[0028] FIG. 6 shows an example of the relation be-
tween estimated noise level NE, estimated from the sig-
nal 8,, and the amplifier gain g4. In this case, g,=1-g4.
At times preceding TA, NE, is smaller than the first
threshold value. Correspondingly, g4=0 and g,=1. At
TA, the value of NE, is increasing, so g, is stepwise in-
creased. At TB, NE, has reached the second threshold
value, and g4 is set to one. At TC, NE, is again smaller
than the second threshold value, so the value of g1 must
be decreased. At TD, NE, falls below the first threshold
value and g1 is set to zero value. At the time interval P,
the change in NE, is less than the threshold ANE set for
the change of NE, so during this interval g4 is not
changed. Immediately after P4, when the change in NE,
is larger than the threshold value, the g4 is changed by
Ag. During the interval P,, g4 is not changed because
NE, shows sharp peaks; this may present some distor-
tion so the changes are neglected.

[0029] The second predefined threshold value can be
chosen to be a fixed value as well. The value may be
experimentally determined to correspond to the level of
background noise in which the input signal of the second
microphone 103 has been deteriorated in such a bad
way that in order to get a better signal quality for the
signal S, only the input signal g48, is used.

[0030] FIG 7 shows how a second system according
to the invention, the system having only a stepwise tran-
sition for the value of g4. Speech Sp and noise are de-
tected by microphones 101 and 103 producing signals
S1 and S2. Background noise is collected by a third mi-
crophone 191 directly connected to noise estimator 104.
The noise estimator estimates the level NE of back-
ground noise and passes it to gain control means 705.
The gain control means 705 are adapted to compare the
noise level estimate NE with a predefined threshold val-
ue. If the value of NE is less than the threshold value,
g1 is set to zero, otherwise g1 gets the value of 1. The
value of g1 indicates the position of a switch SW1 con-
trolled by the gain control means 705, the switch SW1
being so arranged that the terminals TE1 and TE2 are
connected when g1=1; TE1 and TE3 are connected in
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all other cases. The terminal TE1 leads to amplification
means 702 which produce an amplified signal AS. Be-
cause only one signal is fed (S1, if TE1 and TE2 are
connected) to the amplifier, no literal combining of the
signals (S1, S2) need to be performed.

[0031] The switch turns the relative gain g, of the sec-
ond microphone to zero and the relative gain of the first
microphone g4 to one. In this case the function of the
switch SW1 and amplification means 702 may be un-
derstood as linear amplification with amplification factor
1.0 when the signal received by a microphone is ampli-
fied and zero otherwise.

[0032] Further, in order to avoid annoying abrupt tran-
sitions between the first and second microphones, or to
avoid fluctuations in the microphone gains, the system
like presented in FIG. 1 may comprise also storing
means adapted for storing noise parameters in order to
form a noise history. The noise parameters can be cal-
culated for one microphone, both microphones sepa-
rately or they can be obtained by combining the values
computed from the inputs of the both microphones. One
possibility is to use the second microphone input as the
preferable source for noise estimation, as the first mi-
crophone is less sensitive to background noise.

[0033] If history data is collected, the system may fur-
ther be adapted to have a hysteresis effect, i.e. if the
noise level is having fluctuations back and forth, the sys-
tem can adapt the threshold value to correspond a larger
shift in the background noise. In order to have a hyster-
esis effect, there are storage means and comparison
means; the hysteresis information may be obtained from
a stored table, the table being read in a way taking into
account the noise level history.

[0034] Similarly, the history data may be used for
making prognoses or extrapolations for the noise level,
and in this way the system may, based on the noise level
measured at least in two earlier moments of time, predict
anoise level in the future thus making the possibly larger
transitions in gains over a longer period of time.

[0035] A third microphone 191 is optionally included
in the system. Its main purpose is to detect background
noise. It may be located in the vicinity of the noise esti-
mation means 104 so that the transmitting of the signal
to the noise estimation means 104 from the microphone
191 is straightforward. In this case the signals $4 and/
or 8, need not to be passed from the other two micro-
phones 101 and 103 to the noise estimator 104. This
makes the system simpler, as the signal from micro-
phones 101 and 103 need only travel the path to ampli-
fiers 102 and 106. For example, in a wireless hands-free
set the microphone 101 is located in one ear of the user,
whereas the second microphone 103 is fixed in the car
of the user. The amplifiers are located close to the mi-
crophones, especially because the signals are to be
transmitted over the air interface to the combiner means
107. This means that the noise estimator 104 and gain
control means 105 need to instruct the amplifiers 102
and 106 separately; the noise may be measured by the



9 EP 1 385 324 A1 10

microphone 191, and the gain parameters g4 and g, be
broadcast to the amplifiers 102 and 106.

[0036] FIG. 2 shows a third system according to the
present invention. The transducers 101 and 103 are ex-
posed to speech signal Sp distorted by background
noise. They detect acoustical vibrations, i.e. mechanical
vibrations or pressure changes. Amplifiers 202 and 206
amplify the signals §4 and S, with constant gains thus
producing amplified signals AS; and AS,, respectively.
An Analog to Digital Converter ADC 207 converts the
signals AS; and AS, pre-amplified by amplifiers 102
and 106 into a digital form. In addition to performing this
step, the ADC may further include combining means to
form a combined signal S from at least one of the am-
plified signals AS4 and AS, in such a manner that the
relative ratio of the signals may be altered. The combin-
ing may be performed digitally, thus possibly including
multiplication and summing operations, or it may be per-
formed for the analog signals before the conversion.
[0037] The noise level is detected in noise estimator
204, including tables 208 and 209 showing noise re-
sponses of the microphones 101 and 103 in a manner
similar to the tables discussed above. The noise esti-
mates NE, are then used to deduce the target gain fac-
tors g,. The target gain factors g4 and g, which corre-
spond to combining parameters are lead to the combin-
ing means of the ADC 207, where the ADC either, based
on the combining parameters g, and g,, performs the
conversion and only after that digitally multiplies the
converted signal by the gain factor, or, uses the target
gain factor to change the relative strength of the signals
before the conversion.

[0038] In a fourth system according to the present in-
vention, the system may have storage means for storing
at least one noise estimate NE; or NE, in the noise es-
timator 104, whereas the system otherwise corresponds
to the system already discussed with reference to FIG.
1. This means that at least one noise estimate NE=,;
value may be stored, and, correspondingly, at a later
pointin time t=t,, at least one other noise level estimate
NE;=1 may be stored as well. The stored noise esti-
mates may be compared using comparison means lo-
cated preferably in the noise estimator 104. The com-
parison may involve computing a noise level difference
ANE = NE=ty-NE -y, describing the changing of the
background noise level. This difference may be trans-
mitted then to gain control means 105 which change
gains according to a function Ag=f(ANE). It is also pos-
sible that the difference is not passed to gain control
means 105 if it does not exceed a preset threshold val-
ue, i.e. if ANE < ANEyeshoig; ©nly changes in the gain
when the change in the background noise level is larger
than the threshold value are passed to the amplifier 102
or 106. In this case the older value measured at t
may remain stored in the register and newer noise es-
timates NE- calculated attimes t;. > t; are overwritten
on the value NE.

[0039] A fifth system in accordance with the present
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invention, the system comprises storage means such
as a register in the gain control means 204 in addition
to other components as discussed with reference to
FIG. 2. The storage meansmay be used for storing at
least two gain control parameters. Further, the system
may also include comparison means for comparing at
least two stored gain control parameters. Like discussed
above, the comparison of the parameters may include
performing some mathematical operations, like calcu-
lating the difference between a newer and an older gain
parameter value, and, in the case that a pre-set thresh-
old value for the difference is exceeded, which can be
checked again by comparison, the system may calcu-
late a new gain to be passed to the ADC 207. The new
gain may also be selected from a plurality of different
gain set-ups, if the system is to be kept simple and fast.
[0040] FIG. 3 shows a microphone set-up according
to one preferred embodiment of the present invention.
The mobile phone in the figure has two microphones M1
and M2. The second microphone M2 is an ordinary mi-
crophone denoted by asterisks 30 describing holes in
the cover of the bottom half of the phone. The first mi-
crophone M1 is located close to the loudspeaker which
is denoted by asterisks, whereas the microphone M1 is
denoted by arc 31. Because the loudspeaker is - usually
- placed close to the ear, using a jawbone contact ele-
ment as the microphone M1, the vibrations in the jaw-
bone of the user can be detected thus producing a signal
S,. The sensitivity of M1 to disturbances from the loud-
speaker is reduced because M1 detects mechanical vi-
brations from the jawbone of the user.

[0041] FIG. 4A further illustrates a microphone set-up
according to one other preferred embodiment of the
present invention. The first microphone M1 is located in
an earplug-like element which can measure the air vi-
brations in the ear canal (i.e. auditory canal) of the user
of the mobile device. Depending of the actual realisation
of the invention, this earplug microphone can be similar
to those disclosed in the referenced publications. Some
of the prior art earplug microphones have a wireless
transmitter, such as a BLUETOOTH transmitter.
[0042] A solution according to FIG. 4A is especially
suitable for different hands-free applications. For exam-
ple, many countries in Europe have recently adopted re-
strictions for usage of mobile phones while driving a ve-
hicle. In order to comply with the legislation, a driving
mobile user willing to receive a phone call need either
to stop or to have a hands-free equipment installed in
his or her car.

[0043] Some hands-free equipment sets include a
speaker, a microphone and then some wiring systems,
possibly with an extra antenna. The speaker is typically
mounted somewhere in the cabin, whereas the micro-
phone is located close to the head of the driver. As
known, even though some of the different speech co-
decs widely used in the mobile devices enhance the
speech quality in noisy environments, such as in a mov-
ing car, the background noise may still be annoying and,
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depending of the car, even make the discussion impos-
sible, depending on the circumstances such as other
traffic, speed of the vehicle, road conditions etc. This
drawback can be eliminated if the user is supplied with
an earplug-like device in addition to the normal hands-
free set installed in the car. As an alternative, a jawbone
microphone can be used as well, while there are some
of them available on the market already. Preferably the
first microphone (either earplug or jawbone) is equipped
with a wireless transmitter. Then either the mobile hand-
set or the hands-free set includes a receiver to receive
the transmitted audio information, such as BLUE-
TOOTH low-power RF data.

[0044] The transmitter needs not to be wireless but
may be a conventional earplug microphone as well like
illustrated in FIG. 4B, where there is a wire including two
lines, one for the signal and one for the ground level. In
the other end the wires may be connected to the front
panel of the car, the panel supplying a plug-in for the
microphone data and further connected to the hands-
free set, or directly to the mobile handset.

[0045] FIG. 5 illustrates another option for implement-
ing the invention. Here the firstand second microphones
are included in a headset kit of a mobile phone. Typical-
ly, the headset kit includes a plug 501 which is connect-
ed to a mobile phone or a car front panel. The handset
provides hands-free operation and may also include an
answer/end button located in the second microphone
M2 or somewhere else in the cable. The earplug includ-
ing a loudspeaker may also include an earplug micro-
phone M1, provided that the acoustical separation of the
loudspeaker and microphone can be guaranteed, or a
jawbone microphone, where the acoustical separation
should be a minor problem.

[0046] For a person skilled in the art it is also clear
that no implicit tables like those described with reference
to FIG. 1 and 2 are necessary. Depending on the
number of steps for different amplifications needed, the
system can be coded directly if the number is low, oth-
erwise also a numerical model which interpolates some
experimentally tested values may also be used.

[0047] Although the invention was described above
with reference to the examples shown in the appended
drawings, it is obvious that the invention is not limited to
these, but it may be modified by those skilled in the art
without departing from the scope and the spirit of the
invention.

Claims

1. A system for reducing the effect of background
noise especially in a mobile handset, the system
comprising

- afirst transducer (101) for detecting an acous-
tical signal producing a first signal detected
(81,
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- a second transducer (103) for detecting an
acoustical signal producing a second signal de-
tected (S2), the first and second transducers
having different sensitivities to background
noise,

- amplifier means (102, 106) for amplifying the
first and/or second signal (S1, S2) detected
thus producing at least one amplified signal
(9181, g282),

- noise estimator means (104) adapted to esti-
mate a background noise level present at least
in one of the detected signals (S1, S2) or in a
signal measured by a third transducer (191)
thus producing at least one noise estimate
(NE1, NE2),

- gain control means (105), responsive to said
noise estimator means (104, 204), adapted to
adjust gain (g1, g2) of the amplification means
(102, 106, 207), the adjustment being made de-
pending on at least one noise estimate (NE1,
NEZ2), and

- combining means (107), adapted to form a
combined signal (S) from at least one amplified
signal (g1S1, g2S2) thus reducing the effect of
background noise.

A system according to claim 1, wherein the noise
estimator means are connected to the first and/or
second transducer (101, 102) for receiving noise
level information.

A system according to claim 1 or 2, the system fur-
ther comprising

- storage means for storing at least one noise es-
timate, and

- comparison means for comparing the stored
noise estimate with a predefined threshold val-
ue, the comparison producing a differential
noise estimate to be passed to gain control
means (105).

A system according to claim 1 or 2, the system fur-
ther comprising

- storage means for storing at least two gain con-
trol parameters, and

- comparison means for comparing the two gain
control parameters, the comparison producing
adifferential gain parameter to be passed to the
amplification means.

A system according to claim 1 or 2, wherein the
gain control means (105) are adapted to adjust gain
(g1, g2) between the first and second amplifiers
(102, 106) so that the gain (g1) of the first amplifier
(102) is increased whereas the gain (g2) of the sec-
ond amplifier (106) is decreased if the noise esti-
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mate (NE1, NE2) indicates that the background
noise level is above a first threshold value.

A system according to claim 1, 2 or 5, wherein the
gain control means (105, 207) are adapted to adjust
gain (g2) of the second amplifier substantially close
to zero value if the background noise estimate (NE)
shows that the background noise level is above a
second threshold value.

A system according to claim 1, 2, 5 or 6, wherein
the gain control means (105, 207) are adapted to
adjust the relative gain of the first transducer sub-
stantially close to one if the background noise esti-
mate (NE) shows that the background noise level
is above a pre-set threshold value.

A system according to claim 1, wherein the con-
struction is performed by adding the amplified sig-
nals (g1S1, g2S2).

A system according to any one of the preceding
claims, wherein the first transducer (101) is a mi-
crophone to be located in the auditory canal of a
user of the mobile handset.

A system according to any one of the preceding
claims, wherein the first transducer (101) is a jaw-
bone microphone.

. A system according to claim 9 or 10, wherein the

second transducer (103) is a microphone mounted
in the mobile handset.

A system according to claim 9 or 10, wherein the
second transducer (103) is a microphone fixed in a
hands-free set of a mobile handset.

A system according to claim 1 or 2, wherein said
gain control means (105, 207) are located in the mo-
bile handset or in the hands-free set of a mobile
handset.

A method for reducing the effect of background
noise especially in a mobile handset, the method
comprising the steps of

- collecting a first acoustical signal (S1),

- collecting a second acoustical signal (S2),
whereby in the collected signals (S1, S2) a dif-
ferent level of background noise is present,

- estimating background noise level from at least
one of the signals (S1, S2) collected,

- in response to said estimating step, adjusting
gain (g1, g2) of at least one amplifier (102, 106)
adapted to amplify signals collected (S1, S2),

- inresponse to said adjustment step, amplifying
said collected first and/or second signal (S1,
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S2) to produce at least one amplified signal
(9181, G282), and

- inresponse to said amplifying step, construct-
ing a combined signal (S) from at least one am-
plified signal (181, g2S2) thus reducing the ef-
fect of background noise in the combined sig-
nal.

A method according to claim 14, further compris-
ing the steps of

- producing and storing at least one noise esti-
mate (NE1, NE2) in the background noise es-
timation step, and

- comparing said stored noise estimate (NE1,
NE2) with a predefined threshold value, the
comparison result being used in the gain ad-
justment step.

A method according to claim 14, further compris-
ing the steps of

- in the gain adjusting step, storing at least two
gain control parameters, and

- comparing at least two stored gain control pa-
rameters in order to decide whether the gain
adjusting step is to be taken, the gain adjusting
step being performed only if the comparison re-
sult shows that a gain control parameter being
larger than a predefined threshold value.

A method according to claim 14, wherein the gain
adjustment step is adapted to adjust amplification
balance between the signals detected by first and
second transducers (101, 103) so that the gain (g1)
of the amplifier (101) amplifying the first signal (S1)
collected is increased whereas the gain (g2) of the
amplifier (106) amplifying the second signal (S2) is
decreased if in the noise estimation step it is detect-
ed that the background noise level is higher than a
first threshold value.

A method according to claim 14, wherein the gain
adjustment step is adapted to adjust gain (g2) of the
amplifier amplifying the second signal (S2) substan-
tially close to zero value if the background noise es-
timate (NE) shows that the background noise level
is above a second threshold value.

A method according to claim 14, wherein the con-
struction step includes adding the amplified signals
(g181, g2S2).

A method according to any one of claims 14-19,
wherein the first signal is collected using a micro-
phone to be located in the auditory canal of a user
of the mobile handset.
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21. A method according to any one of claims 14-19,
wherein the first signal is collected using a jawbone
microphone.

22. A system for reducing the effect of background
noise especially in a mobile handset, the system
comprising

- afirst transducer (101) for detecting an acous-
tical signal producing a first signal detected
(81),

- a second transducer (103) for detecting an
acoustical signal producing a second signal de-
tected (S2), the first and second transducer
(101, 103) having different sensitivity to back-
ground noise,

- amplification means (202, 206) for amplifying
the first and/or second signal (S1, S2) detected
thus producing at least one amplified signal
(AS1, AS2),

- combining means (207) adapted to form a com-
bined signal (S) from at least one of the ampli-
fied signals (AS1, AS2) using at least one com-
bining parameter (g1, g2) thus reducing the ef-
fect of background noise,

- noise estimator means (204) adapted to esti-
mate background noise level present at least in
one of the detected signals (S1, S2) or in a sig-
nal measured by a third transducer (191) thus
producing at least one noise estimate (NE1,
NE2),

- combining parameter generation means (208,
209) adapted to generate at least one combin-
ing parameter (g1, g2) in response to at least
one noise estimate (NE1, NE2), and

- means (204)for passing the generated combin-
ing parameter (g1, g2) to the combining means
(207).

23. A method for reducing the effect of background
noise especially in a mobile handset, the method
comprising the steps of

- collecting a first acoustical signal (S1),

- collecting a second acoustical signal (S2),
whereby in the collected signals a different level
of background noise is present,

- estimating background noise level (NE1, NE2)
from at least one of the signals collected or from
a third acoustical signal,

- inresponse to the background noise estimating
step, using at least one background noise level
parameter (NE1, NE2) for selecting at least one
combining parameter (g1, g2), and

- in response to said selecting step, using said
summing parameter for combining the first and
acoustical signals (S1, S2) to form a combined
signal (S) which has less background noise
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than the second signal collected.
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cation with the acoustoelectrical transducer, and iii)
sealing means for sealing the second inlet aperture
when the mobile terminal is placed on an external sur-
face or object. As a result, the mobile terminal has se-
lectable directional characteristics.
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Description
Field of the invention

[0001] The invention relates generally to enhancing
speech quality in a telecommunications system, and,
more specifically, to enhancing directional properties of
a microphone in a mobile terminal.

Background of the invention

[0002] The mobile device boom of the recent years
has resulted in different new uses for the mobile termi-
nals widely used in telecommunications. The users ex-
pect their new devices to be usable in many different
situations. The expectations regarding to the acoustical
quality of the device are high, and because the device
may be used for various purposes, this sets very high
requirements for the design of the terminals.

[0003] As an example of the dual use of the mobile
handset, it is very common that the terminal, in addition
to its normal use as a handset, is used as a hands-free
device. This may be the case when the user is willing to
use the mobile terminal in a vehicle, for example, or use
it for conference calling. Typically, in the latter case, the
mobile terminal is set on a table, the persons willing to
speak then usually grouping around the terminal.
[0004] From the acoustical design point of view, the
latter kind of use requires quite different acoustical and
directional properties of the microphone than the first
use mentioned. In conference calling, it is very critical
that the microphone shows omni-directional character-
istics so that the position of the person speaking does
not influence too radically on the sound quality, and
when one person is speaking, also comments from the
background should be carefully detected.

[0005] On the other hand, when a mobile terminal is
used as a handset, it is preferable that the background
noise is not detected by the microphone. Normally, the
mouth and other sound producing organs of the mobile
user are within a predetermined distance from the mi-
crophone when he or she is speaking to his or her mobile
handset. If human anatomy factors are taken into ac-
count, it is easier to design a phone in such a way that
the mouth of an average male/female user is quite close
to the centre of inlet of the microphone. Thus the micro-
phone should preferably show unidirectional character-
istics in order to receive the speech of the user but not
noise from his or her background.

[0006] Figure 1 illustrates a prior art mobile terminal
100. The terminal 100 includes housing 102, wherein a
microphone 110 is assembled. For the microphone 110
an aperture 101 is important so that the energy of acous-
tic signals is not attenuated too much which would be
the case if the acoustic signals had to traverse through
the housing 102.

[0007] Having both omni- and unidirectional charac-
teristics in the acoustical parts of one mobile terminal is
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not a straightforward task. Some prior art solutions that
might be applicable to at least some extent can be
found, but they present drawbacks which both an ordi-
nary user and an acoustics designer would find annoy-
ing.

[0008] International patent publication WO 01/69967
A2 shows one example of implementing a selectivity
switch between a directional mode and an omni-direc-
tional mode in a hearing aid device. The switch includes
a switch body having a port aperture therein in commu-
nication with one of the ports of the microphone, and a
switch actuator moveably connected to the switch body
and moveable to a first position wherein the port aper-
ture is generally unobstructed by the actuator and a sec-
ond position wherein the actuator covers the port aper-
ture.

[0009] In the modern mobile lifestyle, a mobile termi-
nal sometimes presents some values of the user of the
terminal. Thus, the aesthetic design is very important,
and the switch does not support the purpose of creating
an aesthetically enjoyable device. Secondly, the shape
and form of a hearing aid device is quite different to a
mobile phone, basically because the hearing aid device
is located in the ear of the user, so the mechanics of the
device can be designed in a completely different man-
ner. Therefore the '967 solution cannot be without prob-
lems used for ordinary mobile terminals.

[0010] Another solution from U.S. patent 5,933,510,
despite of its many advantages, fits only poorly for the
acoustical design of a mobile terminal. In '510, a micro-
phone housing includes apertures and a switch; the user
may select with the switch, whether or not he or she is
willing to use the microphone in omni- or unidirectional
mode. Firstly, it is difficult to make the switch and sealing
elements to comply with the decorative design desired
for the terminal. Secondly, the design of a rotating
sleeve for the microphone housing in the manner de-
scribed in '510 is also extremely challenging.

[0011] It is an object of the invention to bring about a
mobile terminal equipped with a sound receiving system
having selectable directional characteristics.

Summary of the invention

[0012] This and other objectives of the invention are
accomplished in accordance with the principles of the
present invention by providing in accordance with any
one of the independent patent claims.

[0013] A dual directional mode mobile terminal in-
cludes a microphone having been assembled in a hous-
ing. The housing includes a first and a second aperture,
of which the first aperture is on the user side when the
terminal is used as a handset, the first and second ap-
ertures forming acoustical conduits to the both sides of
the microphone. The housing further includes sealing
means for sealing the second aperture together with an
external surface, when the mobile terminal is placed on
said surface, thereby enabling in the mobile terminal a
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second acoustical directivity mode.

[0014] A method for manufacturing a dual directional
mode mobile terminal, includes the steps of i) assem-
bling a microphone into a housing, wherein the housing
includes at least a first and a second apertures, of which
the first aperture is designed to be on the user side when
the terminal is used as a handset, the first and second
apertures thus forming acoustical conduits to both sides
of the microphone, and ii) assembling the housing with
sealing means for sealing at least one of the apertures
together with an external surface, when the mobile ter-
minal is placed on said surface, thereby enabling in the
mobile terminal a second acoustical directivity mode.
[0015] A mobile terminal which is equipped with an
acoustoelectrical transducer arranged in a housing of
the mobile terminal, wherein the housing comprises i) a
user sided first aperture in communication with the
acoustoelectrical transducer, ii) a second aperture also
in communication with the acoustoelectrical transducer,
and iii) sealing means for sealing the second aperture
when the mobile terminal is placed on an external sur-
face or object.

Brief Description of the Drawings

[0016] In the following, the invention and its preferred
embodiments are described more closely referring to
the examples shown in Figure 2-11 in the appended
drawings, wherein:
Figure 1 shows a conventional microphone
arrangement in a mobile terminal,

shows a dual-mode mobile termi-
nal according to one aspect of the
invention,

Figure 2

illustrates one embodiment of the
present invention where acoustic
sealing is enhanced by a second
support member,

Figure 3

Figure 4 depicts the traverse design as-
pects in accordance with the in-

vention,

further illustrates one embodiment
of the invention,

Figure 5

Figure 6 illustrates a cut of a sealing mem-

ber 203 from Figure 2,
Figure 7 illustrates the sealing member 203
seen from above,

shows the second acoustical
mode closer,

Figure 8
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Figure 9A and 9B show how the directivity mode of
the mobile terminal is changed ac-
cording to one aspect of the

present invention,

shows a first measurement result
of the mobile terminal in the first
directional mode, and

Figure 10

shows a second measurement re-
sult of the mobile terminal in the
second directional mode.

Figure 11

[0017] Same reference numbers denote similar ele-
ments throughout the figures.

Detailed description of the invention

[0018] Figure 2 illustrates one embodiment of the
present invention. The mobile terminal has a housing
200, and, as shown in Figure 1 described above, there
is also an aperture 101 provided for the speech. The
aperture 101 leads sound waves to a microphone 110
thatis assembled inside the housing 200. In the housing
200 there is also a second aperture 202. The second
aperture 202 is preferably located on the opposite side
of the housing 200 so that the apertures 101 and 202
provide acoustic conduits leading to both sides of the
microphone.

[0019] For sake of clarity, there are three points
marked in the housing. PL and PR are the points where
sealing means 203 are attached to the housing 200, and
the point PA illustrates the point of the housing that sup-
ports the lower end of the housing against a flat surface
204 when the mobile terminal is tilted on said sealing
means 203. The sealing means 203 are not drawn to
scale; according to one aspect of the present invention
their height is some millimetres. Depending on the aes-
thetic goals of the designer, sealing means 203 that are
higher or lower can be used.

[0020] According to one embodiment of the present
invention the mobile terminal can be placed on a table
205, for example, or other flat surface 204, so that the
sealing means 203 together with the flat surface 204
seal the second aperture 202. The sealing of the second
aperture 202 has the effect that the mobile terminal is
in omni-directional mode where the microphone 110 re-
ceives voice signals mostly through the aperture 101
thus losing some of its directional sensitivity.

[0021] Normally, the microphone 110 is directionally
sensitive when both apertures 101 and 202 are open.
When both apertures 101, 102 are open, the sound
waves coming from the background noise can be un-
derstood to cancel each other, i.e. the microphone
shows unidirectional characteristics and is well suitable
for to be used as a handset of a mobile terminal.

The uni- and omni-directional characteristics of the mi-
crophone 110 are herewith referred with the term acous-
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tical modes of the microphone.

[0022] Figure 3 shows another example of imple-
menting the present invention. Instead of only having
sealing means 303 such as a sealing member, the mo-
bile terminal now also has a support member 304. In
addition, the marked point PB illustrates the effective
support point of the support member 304 that is compa-
rable to point PA with reference to Figure 2.

[0023] One function of the support member 304 is to
increase the pressure between the sealing means 303
and the flat surface 204. The sealing means 303 are lo-
cated close to the second aperture 202 which is further
located at the spot of the microphone. As the mobile ter-
minal of Figure 2, the mobile terminal can as well be
placed on a flat surface 204 thus giving omni-directional
characteristics for the mobile terminal. The position PB
which is also the position of the second support member
304 may be located based on the weight distribution of
the mobile terminal. To the weight distribution influences
the weight of the contents of the mobile terminal, i.e. the
battery, different electrical parts, the display, and so
forth. The PB can be positioned so that the torque
caused by the weight of the mobile terminal causes a
stronger or greater force on the sealing means 303 and
so enhances the sealing made by the sealing means
303 and the flat surface 204. If the sealing means 303
are made of a soft material showing high elastic prop-
erties, a good sealing can be provided.

[0024] Figure 4 depicts a cross sectional cut of a mo-
bile terminal. The terminal has a microphone 110 which
is positioned inside the housing 200. In the housing 200
there are apertures 101 and 202. The apertures 101,
202 act as inlet holes which form acoustical conduits to
both sides of the microphone 110. It is to be noted that
the apertures 101, 202 need not to be on opposite sides
of the mobile terminal; the only limiting condition is that
the acoustical conduits lead to both sides of the micro-
phone. Further, there are support and sealing means
203 at the bottom side of the housing. The design of the
sealing means 203 may involve taking into account the
curvature of the housing 200. In some mobile terminal
models, the housing 200 is strongly curved and, there-
fore, it is impossible to provide a good enough sealing
with sealing means 203 that do not take into account the
shape of the bottom of the housing 200.

[0025] Further, Figure 5 illustrates the mobile terminal
viewed from below. In the sealing means 203 that is up-
per part of the mobile terminal housing 200 the aperture
202 and the sealing means 203 are shown.

[0026] Figure 6 illustrates closer the sealing means
203. First, the sealing means 203 have a hole 600 for
the acoustical inlet. The contact part 601 of the sealing
means 203 has been only marked with a box on the
right-hand side, but it preferably extends through the
sealing means 203. For example, if the sealing means
203 have the form of a ring like in Figure 5, the part 601
extends around the bottom of the ring.

[0027] Further, aperture part 603 has similarly been
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marked with a box. The acoustical signals coming from
outside the mobile phone in order to reach the inlet hole
600 and to further proceed into the microphone 110
traverse beyond this part. In its design one must take
into account the acoustical considerations: Special cur-
vature may be needed in order to provide a proper dis-
tortion free acoustical transmission characteristics.
[0028] The sealing means 203 are connected to the
mobile terminal using the aperture part 605 of the seal-
ing means 203. On the left-hand side the height of the
sealing means 203 is denoted with h'and on the right-
hand side with h. The difference (h- h) between h' and
h is denoted with A. If the microphone is located as usu-
ally at the bottom part of the mobile terminal and if the
tilting of the housing because of the height difference of
the sealing means and the bottom part of the housing is
like in Figure 2, his larger than hA'. The tilting may there-
fore depend on the distance between PA and PL, and
partially as well on the distance between PL and PR. In
the case of a mobile terminal with a support element like
in Figure 3 there is no need for this kind of asymmetry
and h' can equal h. The size of A may be adapted to
make the sealing proper taking into account the tilting
angle of the between the bottom part of the housing and
the surface where the mobile terminal is lying.

[0029] Another possibility to achieve an asymmetric
elastic behaviour is to use elastic materials asymmetri-
cally, i.e. a more elastic material on the h' side and a
stiffer material on the opposite side. This canin principle
be achieved with e.g. block copolymers where the ratios
of different polymer materials exhibit small changes
along the bottom part of the sealing means. In this way
it is also possible to ensure a good enough sealing. An-
other option, for example, is to use some other material
that has spatially non uniform elasticity constant.
[0030] Figure 7 shows the sealing means from bot-
tom. 600 is the inlet and 601 is the contact part. The
profile of the aperture part 603 with its curvature is not
visible in the figure.

[0031] Figure 8 presents the mobile terminal when the
second acoustical directivity mode is activated. The mo-
bile terminal 102 is placed on a flat surface 204. In the
figure only the portion of the mobile terminal which illus-
trates the housing means and their vicinity is shown. The
sealing means 203 have a contact with the flat surface
204 at aperture points PLB and PRB. Preferably, the
sealing means extend from the housing of the mobile
phone in such a way that in the figure left-hand side con-
tact point PL acts as the outermost aperture point for the
sealing means at part PLB and, respectively, the point
PR at as the contact point of the sealing means for the
point PRB.

[0032] The housing 200 is usually constructed from
two parts; 102F is the front part and 102B is the back
part. Between the front and back part 102F, 102B of the
housing 200 there is a microphone 110. In the front part
102F at the spot of the microphone 110 there is at least
one opening for the aperture 101 and on the back side
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part of the housing there is correspondingly at least one
aperture 202 leading to the bottom side of the micro-
phone.

[0033] Between the housing and the microphone
there is sealing on both sides of the microphone 110.
Preferably, the sealing is obtained with the help of an
elastic gasket, such as a sealing ring. The first purpose
of the sealing is to enable the propagation of sound from
the exterior of the housing to the microphone, disabling
propagation of the sound inside the housing, whereas
the second purpose is to reduce the distortions caused
by the loudspeaker of the mobile terminal.

[0034] Below the microphone 110 there is a reso-
nance cavity ACB which is consists of smaller cavities
formed by i) space limited by the microphone 110, pos-
sible sealing between the microphone, and bottom part
102 of the housing 200, and ii) acoustically well conduc-
tive part of the housing 200 including at least one aper-
ture 202, sealing means 203, and the flat surface S. Re-
spectively, another resonance cavity ACF is formed in
between the microphone and the front part of the hous-
ing.

[0035] As already discussed with reference to Figures
2 and 6, the mobile phone may be tilted. To serve this
purpose the sealing means are designed in the manner
described with reference to Figure 6, the distance be-
tween PL and PLB may be shorter than the distance be-
tween PR and PRB. This means that the PL, PLB part
could be more elastic than the PR and PRB so that the
PL, PLB part of the sealing means compresses more.
The aperture between the flat surface 204 and the seal-
ing means 203 shall be preferably good in order to en-
hance the omni-directional mode. It is possible that if
the sealing is not proper the direction and sensitivity of
microphone is reduced to correspond the unidirectional
microphone.

[0036] The tilting angle a corresponds to the tilting of
the mobile terminal with respect to the flat surface 204.
In practice, it may get almost any target value, the target
value being thus between a very small angle and a sub-
stantially large angle. The magnitude of o has an impact
on the aesthetic design of the mobile terminal, and, sec-
ondly, it may influence on the contact force between the
contact part 601 and the flat surface 204 thus leading to
further elasticity considerations. The more the mobile
terminal is tilted, the smaller the contactforce in the sup-
port means is, so requiring more elastic material.
[0037] Figure 9A illustrates another way to realise the
invention. The mobile terminal has a housing 200 which
includes a battery cover 901. The battery cover may be
removable; usually the mobile terminal battery is stored
under the cover. For some manufacturers the cover and
the battery are combined to a single element. The ap-
erture 202 is marked with a dot in the figure. When the
inlet hole is open the mobile phone is in unidirectional
directivity mode.

[0038] Figure 9B shows the aperture 202 covered
with removable sealing means 1001 according to one
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aspect of the present invention.

[0039] The removable sealing means 1001 can be
stored under the battery cover or back cover 901. Pref-
erably, the aperture 202 and the sealing means 1001
are designed in such a way that the sealing means are
tightly matched with the aperture 202. This may be re-
alised, for example, by supplying the sealing means with
attaching means and sealing means, so that the sealing
means 1001 correspond partially to a flat surface 204.
As shown in Figure 8, this mode of the invention is par-
ticularly usable when the table 205 or other surface is
not essentially flat so that it would not provide a uniform
enough flat surface 204 for the sealing means 203 to
match at points PLB and PRB shown in Figure 8. Fur-
ther, the external surface can be used for causing this
kind of extra pressure for pushing the sealing means
203 stronger against the housing 200 of the mobile ter-
minal, because the sealing means 1001 would not nec-
essarily be able to cause the sealing to be tight enough
hence the weight of the mobile terminal can be used for
this purpose to increase the sealing.

[0040] Figure 10 illustrates a measurement result of
the spectral energy density versus the frequency of a
signal output at a reference point close to the telephone.
The measurement has been performed for the inventive
mobile phone assembly in unidirectional mode, and in
Loudness Rating Guarding Position LRGP in accord-
ance with the standard 3G TS 26.132 (TSG SA; Codec
Working Group; Terminal Acoustic Characteristics for
Telephony).

[0041] The energy spectrum measured is presented
as observed by the codec of the mobile terminal. The
upper piecewise linear curve corresponds to the maxi-
mal allowed spectral density values, whereas the lower
piecewise linear curve illustrates the minimum accept-
able spectral energies. As can be seen from the meas-
urement results, the observed spectra lies clearly be-
tween the allowed values.

[0042] Figure 11 shows the acoustic behaviour of the
same mobile terminal when it is in the second acoustical
directivity mode. The spectral energy density shows
again that the values are allowed, i.e. that the spectra
lies clearly between the agreed limits.

[0043] Both measurements were conducted with a
the mobile terminal lying head up on the table, posi-
tioned 50 cm from the reference mouth and with 30° az-
imuth. For the measurements the mobile terminal input
gain was not adjusted, though this is not visible in the
figure. In practice, because of the different resonance
cavities caused by the differences in the acoustical ap-
ertures when the mobile terminal is in different acousti-
cal modes, the gain must be adjusted between the
modes. The adjustment may be done automatically by
detecting the measured signal strength in the codec.
[0044] To summarise, according to one aspect of the
present invention, the mobile phone can be made to
show dual mode characteristics. First, a microphone is
assembled into a housing that includes at least two inlet
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holes. At least one of the apertures is designed to be on
the user side when the terminal is used as a handset,
and the apertures together form acoustical conduits to
the both sides of the microphone. The housing is further
assembled to include sealing means; with the sealing
means at least one of the inlet holes may be sealed to-
gether with an external surface, such as a table or any
other flat surface. When the mobile terminal is placed
on said flat surface, one acoustical aperture is thus
closed and the mobile terminal shows acoustical omni-
directional characteristics as a second acoustical direc-
tivity mode.

[0045] According to one further aspect of the present
invention, the assembling step may include the assem-
bling of an elastic gasket. Preferably, said elastic gasket
is asymmetric, and the height of the lower part of the
gasket being smaller than the height of the higher part
of the gasket, the difference being adapted to make the
sealing proper taking into account the elevation angle
between the bottom of housing and the surface.
[0046] According to still another aspect of the present
invention, in addition to the sealing means, the housing
may further include a support member to increase the
pressure between the sealing means and the surface.
[0047] Although the invention was described above
with reference to the examples shown in the appended
drawings, it is obvious that the invention is not limited to
these, but it may be modified by those skilled in the art
without departing from the scope and the spirit of the
invention. For example, instead of a microphone, any
other transducer or sound detector may be used in con-
nection with the embodiments of the inventive sealing
mechanism.

Reference numbers used in the description:
[0048]

100 mobile terminal

101 aperture

102 housing

110 microphone

200 housing

202 second aperture

203 sealing means

204 flat surface

205 table

303 sealing means

304 support member

600 hole for the acoustic inlet
601 contact part

603 aperture part

901 battery cover

1001 removable sealing means
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Claims

1. Adual directional mode mobile terminal including a
microphone (110), said microphone (110) having
been assembled in a housing (200),
characterised in that

- the housing (200) includes at least a first and a
second aperture (101, 202), of which the first
aperture (101) is on the user side when the ter-
minal is used as a handset, the first and second
apertures (101, 202) forming acoustical con-
duits (ACF, ACB) to the both sides of the micro-
phone (110); and

- the housing (200) further includes sealing
means (203, 303, 1001) for sealing the second
aperture (202) together with an external sur-
face (204), when the mobile terminal is placed
on said surface, thereby enabling in the mobile
terminal a second acoustical directivity mode.

2. A mobile terminal according to claim 1,
characterised in that
the sealing means (203) include an elastic gasket.

3. A mobile terminal according to claim 2,

characterised in that

the elastic gasket is asymmetric, the height h' of a
lower part of the gasket being smaller than the
height h of a higher part of the gasket, the difference
A = h'- h being adapted to make the sealing proper
taking into account an elevation angle (o) between
a backside surface (102B) of the housing (200) and
the external surface (204).

4. A mobile terminal according to claim 1,
characterised in that
in addition to the sealing means (303), the housing
(200) further includes a support member (304) to
increase the pressure exerted on the sealing means
(303) by the external surface (204).

5. A mobile terminal according to claim 1,
characterised in that
the sealing means (1001) further have means
adapted for connecting the sealing means to the in-
let hole (202) in an acoustically proper way.

6. A mobile terminal according to claim 5,
characterised in that
the mobile terminal has means (200) for storing the
sealing means (1001).

7. Amethod for manufacturing a dual directional mode
mobile terminal, the method
characterised in that
it includes the steps of:
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- assembling a microphone (110) into a housing
(200), wherein the housing (200) includes at
least first and second apertures (101, 202), of
which a first aperture (101) is designed to be
on the user side when the terminal is used as
a handset, the first and second apertures thus
forming acoustical conduits to both sides of the
microphone (110); and

- assembling the housing (200) with sealing
means (203) for sealing the second aperture
(202) holes together with an external surface
(204), when the mobile terminal is placed on
said external surface (204), thereby enabling in
the mobile terminal a second acoustical direc-
tivity mode.

A method according to claim 7,

characterised in that

the assembling step includes the assembling of an
elastic gasket.

A method according to claim 8,

characterised in that

said elastic gasket is asymmetric, the height h' of
the lower part of the gasket being smaller than the
height h of the higher part of the gasket, the differ-
ence A = h'- h being adapted to make the sealing
proper taking into account the elevation angle (o)
between the bottom (102B) of housing and the ex-
ternal surface (204).

A method according to claim 7,

characterised in that

in addition to the sealing means (303), the housing
further includes a support member (304) to increase
the pressure between the sealing means (303) and
the surface (204).

A method according to claim 7,

wherein the sealing means (1001) are further
adapted to be connected to the inlet hole (202) in
an acoustically proper way.

A method according to claim 11,

wherein the sealing means (1001) are stored in the
mobile phone, and when used, manually placed into
the aperture (202).

A mobile terminal equipped with an acoustoelectri-
cal transducer (110) arranged in a housing (200) of
the mobile terminal,

characterised in that

the housing (200) comprises:

- auser sided first aperture (101) in communica-
tion with the acoustoelectrical transducer (110);
- asecond aperture (202) also in communication
with the acoustoelectrical transducer (110); and
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- sealing means (203) for sealing the second ap-
erture (202) when the mobile terminal is placed
on an external surface (204) or an object.

14. A mobile terminal according to claim 13,

wherein the sealing means (203) are responsive to
an external force or pressure.
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Description

[0001] This document generally relates to ear-level
communication systems and particularly, but not by way
of limitation, to such systems communicating with remote
devices via full duplex audio.

[0002] Ear-level communication systems are used for
hearing impaired individuals to use a communication de-
vice such as a cellular phone or other devices transmitting
audio signals. They also allow private, hand-free use of
such a communication device by individuals with normal
hearing.

[0003] An ear-level communication system generally
includes tethered or wireless headsets with a microphone
boom or a microphone within a cord of the headset to
detect voice of the person wearing the headsets. An al-
ternative way to detect voice is via bone connection. Ex-
amples include a "clam" shell device that couples to the
helix and a custom carmold with a vibration detector on
the outer shell. Voice is picked up by detecting bone vi-
bration caused by, and representative of, the voice of the
person wearing the device.

[0004] Bi-directional communication has been
achieved by a simplex system including a device in the
ear canal that both transmits sound to and picks up sound
within the ear canal. The device is tethered to a push-to-
talk (PIT) system such as a walkie talkie. It is not full
duplex and therefore requires interaction by the user in
order to switch from listen mode to talk mode.

[0005] Voice operated exchange (VOX)is usedtocon-
serve energy when voice is not being detected or trans-
mitted. For example, a headset system includes two ear
pieces - for full duplex communication with one earpiece
for transmitting and the other for receiving voice - and
uses ear canal voice detection to trigger a VOX circuit in
a control unit wired to the headset. The system requires
a headset with two headphones and wires connecting
the headphone to a control unit such as a device clipped
on belt. In another example, a full duplex system includes
asingle headphone totransmitand receiving voice, again
with a VOX circuitin a control unitwired to the headphone.
[0006] Such ear-level communication systems are
likely to be worn by a person for long periods of time.
Users with hearing loss may use such a system on a
regular basis, both as a conventional hearing aid allowing
communication directly with a person and as a hearing
aid allowing communicating through another device. Us-
ers with normal hearing may wear such a system to be
communicatively connected to another person or facility
without the need to hold a device at any time. For ap-
pearance or secrecy reasons, minimal visibility is gener-
ally desirable. Wired connection between a headset or
earpiece and a controller makes the system easily visible
and is cumbersome to users who need to communicate
while being physically active.

[0007] Thus, there is a need for an ear-level commu-
nication system that is not easily visible. A need related
to miniaturization is the longevity of the system between
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battery replacements or recharges.

[0008] WO 98/45937A discloses a communications
apparatus comprising ear units, a control unit and aradio
transceiver.

[0009] Ear level full duplex audio communication sys-
tems each include one or two ear attachments devices,
such as in-the-ear (ITE) or behind-the-ear (BTE) devices,
that wirelessly communicates to a remote device. Such
a system allows a hearing impaired individual to commu-
nicate with or through the remote device, such as to talk
to another person through a cellular phone. Such a sys-
tem also functions as an ear piece wirelessly extended
from the remote device that allows an individual to pri-
vately communicate with or through the remote device
without the need of holding the device.

[0010] WO 03/073790A discloses a system adapted
for use in at least one of afirst ear having a first ear canal
and a second ear having a second ear canal comprising:
a first ear-level device configured to be one of an in-the-
eardevice and a behind-the-ear device, the first ear-level
device including: a first microphone adapted for use in
one of the first ear canal and the second ear canal, and
adapted to receive an occluded sound within the one of
the first ear canal and the second ear canal; and a wire-
less receiver, connected to a first processor, to receive
a first wireless signal representing a remote sound;
wherein the first processor, is connected to the first mi-
crophone, and is adapted to process the occluded sound
and the remote sound; the first ear level device further
including a speaker adapted for use in the one of the first
ear canal and the second ear canal and adapted to trans-
mit the processed remote sound to the one of the first
ear canal and the second ear canal; a wireless transmit-
ter, connected to the first processor; a first earmold hous-
ing at least the first microphone and the speaker, at least
a portion of the first earmold configured for placement in
the one of the first ear canal and the second ear canal;
and a voice operated exchange (VOX) circuit connected
to the first processor.

[0011] In the present invention, the wireless transmit-
ter is adapted to receive the processed occluded sound
from the first processor and transmit a second wireless
signal representing the occluded sound; and the VOX
circuit includes an occluded sound gating module adapt-
ed to gate the occluded sound on, and to gate the remote
sound off, when the occluded sound is detected while
the remote sound is not detected, and a remote sound
gating module adapted to gate the remote sound on, and
to gate the occluded sound off, when the incoming remote
sound is detected while the occluded sound is not de-
tected.

[0012] In a preferred embodiment, a system includes
an ITE module and a BTE module attached to the ITE
module. The ITE module includes a microphone for use
in an ear canal. The microphone receives an occluded
sound from within the ear canal. The BTE module in-
cludes a processor and a wireless transmitter. The proc-
essor processes the occluded sound. The wireless trans-
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mitter receives the processed occluded sound from the
processor and transmits a wireless signal representing
the occluded sound.

[0013] In a preferred embodiment, a system includes
afirst ear-level device and a second ear-level device for
use in two opposite ears. The first ear-level device in-
cludes a microphone, a first processor, and a wireless
transmitter. The microphone is for use in one ear canal
to receive an occluded sound from within that ear canal.
The first processor converts the occluded sound to an
electrical signal. The wireless transmitter receives the
electrical signal and transmits an outgoing wireless signal
representing the occluded sound. The second ear-level
device includes a wireless receiver, a second processor,
and a speaker. The wireless receiver receives an incom-
ing wireless signal representing a remote sound. The
second processor converts the incoming wireless signal
to the remote sound. The speaker is for use in the oppo-
site ear canal to transmit the remote sound to that ear
canal.

[0014] The presentinvention also relates to a method
comprising: detecting an occluded sound using a first
microphone adapted for use in an ear canal; detecting
an incoming radio signal representing a remote sound
from aremote device; starting a voice operated exchange
(VOX) housed within an ear-level communication device
when atleast one of the occluded sound and the incoming
radio signal is detected if the VOX is not already on, the
ear-level communication device being one of an in-the-
ear (ITE) device and a behind-the-ear (BTE) device; gat-
ing the occluded sound on, and gating the remote sound
off, when the occluded sound is detected while the in-
comingradio signalis not detected; and gating the remote
sound on, and gating the occluded sound off, when the
incoming radio signal is detected while the occluded
sound is not detected.

[0015] Preferred embodiments of the present inven-
tion will now be described by way of example only and
with reference to the accompanying drawings, in which:

FIG. 1 is an illustration of an embodiment of an ear-
level communication system and potions of an envi-
ronment in which it is used. This ear-level commu-
nication system uses a single ear-level device.
FIG. 2 is an illustration of an embodiment of another
ear-level communication system and portions of an
environment in which it is used. This ear-level com-
munication system uses a pair of ear-level devices.
FIG. 3A is an illustration of one exemplary exterior
configuration of an in-the-ear (ITE) device used as
the single ear-level device of FIG 1 or one of the pair
of ear-level devices of FIG. 2.

FIG. 3B is an illustration of one exemplary exterior
configuration of an in-the-canal (ITC) device used
as the single ear-level device in FIG. 1 or one of the
pair of ear-level devices of FIG. 2.

FIG. 3C is an illustration of one exemplary exterior
configuration of a completely-in-the-canal (CIC) de-
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vice used as the single-ear-level device of FIG. 1 or
one of the pair of ear-level devices of FIG. 2.

FIG. 4Ais a block diagram showing one embodiment
of the circuit of ear-level device shown in FIGS. 3A,
3B, or 3C used as the single ear-level device of FIG.
1.

FIG. 4B is a block diagram showing one embodiment
of portions of a voice operated exchange (VOX) cir-
cuit included in the single car-level device of FIG. 1.
FIG. 5 is a block diagram showing another embodi-
ment of the circuit of ear-level device shown in FIGS.
3A, 3B, or 3C used as the pair of ear-level devices
of FIG. 1B.

FIG. 6 is an illustration of one exemplary exterior
configuration of an ear-level device including a be-
hind-the-ear (BTE) device used as the single ear-
level device of FIG. 1 or one of the pair of ear-level
devices of FIG. 2.

FIG. 7 is a block diagram showing one embodiment
of the circuit of the ear-level device shown in FIG. 6
used as the single ear-level device of FIG. 1.

FIG. 8 is a block diagram showing another embodi-
ment of the circuit of ear-level device shown in FIG.
6 used as the pair of ear-level devices of FIG. 2.
FIG. 9 is a flow chart illustrating an embodiment of
a method for audio communication between the sin-
gle ear-level device or the pair of ear-level devices
and a remote device.

FIG. 10 is a flow chart illustrating another embodi-
ment of the method for audio communication be-
tween the single ear-level device and a remote de-
vice.

[0016] The following embodiments are described in
sufficient detail to enable those skilled in the art to prac-
tice the invention, and it is to be understood that the em-
bodiments may be combined, or that other embodiments
may be utilized and that structural, logical and electrical
changes may be made without departing from the scope
of the present invention, as defined by the appended
claims.

[0017] Itshould be noted thatreferencesto"an", "one",
or "various" embodiments in this disclosure are not nec-
essarily to the same embodiment, and such references
contemplate more than one embodiment.

[0018] This document discusses, among other things,
ear-level full duplex audio communication systems for
communicating with remote devices. These systems
each include one or two ear-level devices each worn in
or about an ear, such as in-the-ear (ITE) or behind-the-
ear (BTE) devices, wirelessly coupled to a remote device
such as a computer, a personal digital assistant (PDA),
acellular phone, a walkie talkie, or a language translator.
When used as a hearing aid, such a system allows a
hearing impaired individual to communicate with or
through the remote device, such as to talk to another
person through a cellular phone. When being used as an
ear piece wirelessly extended from the remote device,
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such system allows an individual with normal hearing to
privately communicate with or through the remote device
without the need of holding the device or wearing any
device wired to the remote device.

[0019] In this document, "voice" includes to the sound
of speech made by a person, and sound generally in-
cludes an audible signal that includes voice and other
signals that can be heard and/or detected by an audio
detector. Unless particularly indicated, for example,
when voice is distinguished from sound by speech rec-
ognition, "voice" and "sound" are used interchangeably
throughout thus document because they are not practi-
cally separated. For example, detection of a sound refers
to the same action as detection of a voice because, while
the purpose is to detect the voice, other sounds are
picked up as well.

[0020] FIG. 1is an illustration of an embodiment of an
ear-level communication system 100 and portions of an
environment in which it is used. System 100 includes an
ear-level device 110 attached to an ear 101A. Bar-level
device 110 communicates with a remote device 190
through a wireless telemetry link 195. The otherear 101B
is free of device attachment. Ear-level device 110 is a
self-contained device including its own power source
such as a replaceable or rechargeable battery. To max-
imize battery life or period between recharges, at least a
portion of the circuit of ear-level device 110 is voice ac-
tivated. That is, ear-level device 110 is activated only
when it detects a need to transmit or receive a sound.
[0021] Ear-level device 110 is a full duplex audio de-
vice that allows two-way simultaneous conversation be-
tween ear 101A and remote device 190. In one embod-
iment, when being worn by a person having ear 101A,
ear-level device 110 picks up sound from the ear canal
of ear 101A and delivers sound to the same ear canal. It
detects the occluded sound from the ear canal when the
person speaks and transmits to the same ear canal a
sound received from remote device 190 and/or a sound
picked up from the environment surrounding the person.
In one embodiment, as illustrated in FIG. 1, ear-level de-
vice 110 is configured for right ear attachment. In an al-
ternative embodiment, ear-level device 110 is configured
for left ear attachment.

[0022] FIG. 2 is an illustration of an embodiment of an
ear-level communication system 200 and portions of an
environment in which it is used. System 200 includes a
pair of ear-level devices 210A, attached to an ear 101 A,
and 210B, attached to ear 101B. Ear-level devices 210A
and 210B communicate with a remote device 290
through a wireless telemetry link 295. Ear-level devices
210A and 210B are each a self-contained device includ-
ing its own power source such as a replaceable or re-
chargeable battery. To maximize battery life or period
between recharges, at least a portion of the circuit of
each of ear-level devices 210A and 210B is voice acti-
vated. Thatis, ear-level devices 210A and 210B are each
activated only when a need to transmit orreceive a sound
is detected by the device itself.
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[0023] In one embodiment, ear-level device 210A is
an audio transmitter that picks up sound from the ear
canal of ear 101A, and ear-level device 210B is an audio
receiver that delivers sound to the same ear canal. Ear-
level device 210A is activated when it detects a sound
from the ear canal. Ear-level device 210B is activated
when it detects a signal from remote device 290. When
both are being worn by a person, ear-level devices 210A
and 210B supports full duplex audio allowing two-way
simultaneous conversation between the person and re-
mote device 290. In one embodiment, as illustrated in
FIG. 2, ear-level device 210A is configured for right ear
attachment, and ear-level device 210B is configured for
left ear attachment. In an alternative embodiment, ear-
level device 210A is configured for left ear attachment,
and ear-level device 210B is configured for right ear at-
tachment.

[0024] FIGS. 3A, 3B, and 3C are illustrations of exem-
plary exterior configuration of ear-level device 110 or one
of ear-level devices 210A and 210B. For the purpose of
this document, only a device attached to a right ear is
shown for each exemplary exterior configuration. It is to
be understood that each of ear-level devices 110, 210A,
and 210B can be either a device configured for right ear
attachment or a device configured for left ear attachment.
Generally, a device configured for right car attachment
has an exterior configuration that is substantially sym-
metrical to that of a device of the same type configured
for left ear attachment. In system 100, a single ear-level
device 110 is a device configured either for right ear at-
tachment or for left ear attachment. In system 200, either
one of car-level device 210A and 210B is a device con-
figured forright ear attachment, while the otheris adevice
configured for left ear attachment.

[0025] Anoccluded sound 305, an ambient sound 306,
and a remote sound 307 are illustrated in each of FIGS.
3A, 3B, and 3C. Remote sound 307 is represented by a
wireless radio signal transmitted to ear-level device 110.
In this document, "occluded sound” includes occluded
sound 305, "ambient sound" includes ambient sound
306, and "remote sound" includes remote sound 307.
[0026] FIG. 3Ais an illustration of an exemplary exte-
rior configuration of an in-the-ear (ITE) device 310A used
as ear-level device 110 or one of ear-level devices 210A
and 210B. As shown in FIG. 3A, ITE device 310A is at-
tached to an ear 101 with a pinna 302 and an ear canal
303. ITE device 310A includes a portion inserted into ear
canal 303 and another portion fit into the cavity formed
by pinna 302.

[0027] FIG. 3B is an illustration of an exemplary exte-
rior configuration of an in-the-canal (ITC) device 310B
used as ear-level device 110 or one of ear-level devices
210A and 210B. As shown in FIG. 3B, ITC device 310B
is attached to ear 101 with pinna 302 and ear canal 303.
ITC device 310B is aform of ITE device thatalso includes
a portion inserted in ear canal 303 and another portion
fit into the cavity formed by pinna 302, but the latter por-
tion is smaller than that of ITE device 310A. Its overall
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size is therefore generally smaller than that of ITE deviee
310A.

[0028] FIG. 3C is an illustration of an exemplary exte-
rior configuration of a completely-in-the-canal (CIC) de-
vice 310C used as ear-level device 110 or one of ear-
level devices 210A and 210B. As shown in FIG. 3C, CIC
device 310C is attached to ear 101 with pinna 302 and
ear canal 303. CIC device 310C is a form of ITC device
but includes only a portion that is completed inserted into
ear canal 303. Its overall size is therefore generally small-
er than that of ITC device 310B.

[0029] In one embodiment, each of ITE device 310A,
ITC device 310B, and CIC device 310C includes a cus-
tom earmold. In another embodiment, each of ITE device
310A, ITC device 310B, and CIC device 310C includes
a modular earmold. In one embodiment, the earmold is
fully occluded to maximize audio efficiency. In another
embodiment, the earmold is vented to remove undesir-
able low frequency sound.

[0030] The choice of a device type, such as from the
types shown in FIGS. 3A, 3B, and 3C, depends on the
need of individual users. For example, ITE device 310A
has a relatively large size to accommodate a relatively
large amplifier to serve the need of individuals suffering
severe hearing loss. The relatively large size can also be
utilized to house a relatively large size battery. On the
other hand, CIC device 310C is almost invisible, while
the room for the circuit and the battery is very limited.
Generally, the selection of the device type is a compro-
mise among considerations such as the user’s degree
of hearing loss (if applicable), ear canal size, desire of
invisibility, desired longevity between battery replace-
ments or recharges, and cost.

[0031] FIG. 4A is a block diagram showing one em-
bodiment of the circuit of ear-level device shown in FIGS.
3A, 3B, or 3C used as the single ear-level device 110.
The circuit is housed in an earmold configured for use
as one of the device types illustrated as ear-level devices
310A, 310B, or 310C.

[0032] Ear-level device 110 includes an external mi-
crophone 420, an ear canal microphone 440, an car canal
speaker 470, a processor 460, a wireless transceiver
450, an antenna 455, a voice operated exchange (VOX)
circuit 430, and a battery 480. External microphone 420
picks up ambient sound such that a hearing impaired
person wearing ear-level device 110 is not "isolated"
when communicating to remote device 190. Thus, ear-
level device enables the hearing impaired person to talk
to another person either directly (if the other person is
nearby) or through a device such as a cell phone. Ear
canal microphone 440 detects sound from the ear canal.
The sound includes primarily speech of the person wear-
ing ear-level device 110. Ear canal speaker 470 transmits
sound received from remote device 190 and/or external
microphone 420 to the same ear canal. In one embodi-
ment, ear canal microphone 440 and ear canal speaker
470 are implemented as one physical device. Processor
460 converts the sound picked up from the ear canal to
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an electrical signal to be transmitted to remote device
190, and converts the signals received from remote de-
vice 190 and/or external microphone 420 to a sound au-
dible to the person wearing ear-level device 110. In one
embodiment, processor 460 includes one or more of am-
plification circuitry, filtering circuitry, acoustic feedback
reduction circuitry, noise reduction circuitry, and tone
control circuitry, among other circuits performing signal
processing functions as known in the art In one embod-
iment, processor 460 includes a speech recognition mod-
ule to enhance the audio signal received by and/or trans-
mitted from ear-level device 110. Wireless transceiver
450 and antenna 455 form a telemetry interface support-
ing telemetry link 195 between ear-level device 110 and
remote device 190. Wireless transceiver 450 includes a
wireless transmitter and a wireless receiver. The wireless
transmitter receives the electrical signal representing the
sound picked up from the ear canal from processor 460
and transmits an outgoing wireless signal representing
the same sound to remote device 190. The wireless re-
ceiver receives an incoming wireless signal representing
a remote sound from remote device 190 and transmits
an electrical signal representing the remote sound to
processor 460. Telemetry link 195 provides for bi-direc-
tional communication allowing simultaneous signal
transmission, in both directions, between ear-level de-
vice 110 and remote device 190. VOX circuit 430 acti-
vates a major portion of ear-level device 110 only when
sound is detected by at least one of external microphone
420, ear canal microphone 440, end wireless transceiver
450. In one embodiment, VOX circuit 430 includes a
voice-controlled switch connecting between battery 480
and the portions of ear-level device 110 that are voice
activated. The switch is driven by the sound detected by
at least one of external microphone 420, ear canal mi-
crophone 440, and wireless transceiver 450. It is turned
on when sound detected by external microphone 420
exceeds a predetermined threshold, when sound detect-
ed by ear canal microphone 440 exceeds another pre-
determined threshold, and/or when wireless transceiver
450 receives the incoming wireless signal representing
the remote sound. In one embodiment, as discussed with
respect to FIG. 4B below, VOX circuit 430 gates or at-
tenuates one or more sounds detected by external mi-
crophone 420, ear canal microphone 440, and wireless
transceiver 450, to eliminate or reduce echo and ringing
caused by the loop formed by ear canal speaker 470 and
ear canal microphone 440. Battery 480 supplies the pow-
er needed for the operation of ear-level device 110. In
one embodiment, battery 480 is a rechargeable battery
that can be recharged without being taken out from ear-
level device 110.

[0033] FIG. 4B is a block diagram showing one em-
bodiment of portions of VOX circuit 430. In this embodi-
ment, VOX circuit 430 includes an ambient sound gating
module 421 that blanks or attenuates the sound detected
by external microphone 420, an occluded sound gating
module 441 that blanks or attenuates the sound detected
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by ear canal microphone 440, a remote sound gating
module 451 that blanks or attenuates the sound detected
by wireless transceiver 450, and controller 431 to coor-
dinate the states of the gating modules. Because ear
canal microphone 440 is capable of detecting the sound
delivered to the ear canal from ear canal speaker 470,
there is a need to avoid echo and/or ringing. For example,
a remote sound from remote device 190 delivered to the
ear canal may be detected as an occluded sound and
transmitted back to remote device 190, causing echo.
The gating modules function in a coordinated manner to
eliminate or reduce such echo and/or ringing caused by
breaking, or applying resistance into, the audio loop
formed by ear canal speaker 470 and ear canal micro-
phone 440.

[0034] For the purpose of description, each of the gat-
ing modules is "on" when sound is "gated on" and "off
when the sound is'"gated off' A sound is "gated
on" when it is allowed to pass and be processed, and
is "gated off’ when it is blanked or substantially attenu-
ated. Blanking refers to a substantially complete block-
age of a sound, or in other words, that a detected sound
is practically ignored by processor 460 such that it does
not cause any echo or ringing that is audible by an ear.
Substantial attenuation refers to an attenuation after
which the attenuated sound does not cause any echo or
tinging having an intolerable intensity.

[0035] Ambient sound gating module 421 includes a
voice-driven switch or attenuator driven by the output of
a comparator that compares the amplitude of a detected
ambient sound with a predetermined threshold for the
ambient sound. When the amplitude of the detected am-
bient sound exceeds the threshold for the ambient sound,
and when controller 431 permits, ambient sound gating
module 421 is turned on. When the amplitude of the de-
tected ambient sound drops below the threshold for the
ambient sound, ambient sound gating module 421 is
turned off. In one embodiment, after the amplitude of the
detected ambient sound drops below the threshold for
the ambient sound, ambient sound gating module 421 is
turned off after a predetermined delay.

[0036] Occluded sound gating module 441 includes a
voice-driven switch or attenuator driven by the output of
a comparator that compares the amplitude of a detected
occluded sound with a predetermined threshold for the
occluded sound. When the amplitude of the detected oc-
cluded sound exceeds the threshold for the occluded
sound, and when controller 431 permits, occluded sound
gating module 441 is turned on. When the amplitude of
the detected occluded sound drops below the threshold
for the occluded sound, occluded sound gating module
441 is turned off. In one embodiment, after the amplitude
of the detected occluded sound drops below the thresh-
old for the occluded sound, occluded sound gating mod-
ule 441 is turned off after a predetermined delay.
[0037] Inone embodiment, remote sound gating mod-
ule 451 includes a voice-driven switch or attenuator driv-
en by the output of a comparator that compares the am-
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plitude of a remote sound with a predetermined threshold
forthe remote sound. When the amplitude of the detected
remote sound exceeds the threshold for the remote
sound, and when controller 431 permits, remote sound
gating module 451 is turned on. When the amplitude of
the detected remote sound drops below the threshold for
the remote sound, remote sound gating module 451 is
turned off. In one embodiment, after the amplitude of the
detected remote sound drops below the threshold for the
remote sound, remote sound gating module 451 is turned
off after a predetermined delay.

[0038] In another embodiment, remote sound gating
module 451 includes a switch or attenuator driven by the
detection of the incoming wireless signal representing
the remote sound. Remote sound gating module 451 is
turned on upon detection of the incoming wireless signal
when controller 431 permits, and turned off when the
incoming wireless signal is no longer detected. In one
embodiment, remote sound gating module 451 is turned
off after the incoming wireless signal is absent for a pre-
determined period.

[0039] Controller 431 coordinates the on/off states of
all the gating modules so the sounds are processed in
an orderly fashion. Even if a sound is detected, the gating
module corresponding to that sound is turned on only
when controller 431 permits. In one embodiment, assum-
ing that sounds A and B are gated by gating modules A
and B, respectively, if both sounds A and B are detected,
whichever sound is detected earlier is gated on. That is,
if sound A exceeds its threshold first, gating module A is
turned on and remain on until sound A drops below
threshold A. Then, gating module B is turned only if sound
B exceeds its threshold after gating module A has been
turn off.

[0040] In one embodiment, controller 431 coordinates
the on/off states of all the gating modules according to
predetermined or programmed gating coordination rules.
According to one exemplary rule, ambient sound gating
module 421 is off, occluded sound gating module 441 is
off, and remote sound gating module 451 is on. This rule
allows only the transmission of the remote sound to ear
canal 303, and prevents the remote sound from being
detected by ear canal microphone 440 and echoed back
to remote device 190. According to another exemplary
rule, ambient sound gating module 421 is on, occluded
sound gating module 441 is off, and remote sound gating
module 451 is on. This rule allows the transmission of
both the remote sound and the ambient sound to ear
canal 303, and prevents the remote sound from being
detected by ear canal microphone 440 and echoed back
to remote device 190. This also prevents the ambient
sound from being transmitted to remote device 190. Ac-
cording to yet another exemplary rule, ambient sound
gating module 421 is off, occluded sound gating module
441 is on, and remote sound gating module 451 is off.
When the person wearing ear-level device 110 speaks,
both external microphone 420 and ear canal microphone
440 detect the voice. The voice as detected by ear-level
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device 110 is first transmitted to remote device 190. With-
out the gating modules (or when ambient sound gating
module 421 and occluded sound gating module 441 are
both on), the same voice as detected by external micro-
phone 420 is transmitted to ear canal 303, and therefore
again detected by ear canal microphone 440, and again
be transmitted to remote device 190. This rule allows
only the transmission of the occluded sound to remote
device 190, and prevents the same sound from being
transmitted to remote device 190 twice. Other rules are
applied as a person skilled in the art should see fit based
on an understanding after reading this entire document.
[0041] FIG. 5is a block diagram showing another em-
bodiment of the circuit of ear-level device shown in FIGS.
3A, 3B, or 3C used as each of ear-level devices 210A
and 210B. The circuit of each of ear-level devices 210A
and 210B is housed in an earmold configured for use as
of one of the device types illustrated as ear-level devices
310A, 310B, or 310C.

[0042] Ear-level device 210A is an audio transmitter
that includes an ear canal microphone 540, a processor
560A, a wireless transmitter 550A, an antenna 555A, a
transmitter VOX circuit 530A, and a battery 580A. Ear
canal microphone 540 detects sound from the ear canal.
The sound includes primarily speech of the person wear-
ing ear-level device 210A. Processor 560A converts the
sound picked up from the ear canal to an electrical signal
to be transmitted to remote device 290. In one embodi-
ment, processor 560A includes one or more of amplifi-
cation circuitry, filtering circuitry, acoustic feedback re-
duction circuitry, noise reduction circuitry, and tone con-
trol circuitry, among other circuits performing signal
processing functions as known in the art. In one embod-
iment, processor 560A includes a speech recognition
module used to enhance the sound transmitted from ear-
level device 210A. Wireless transmitter 550A and anten-
na 555A form a telemetry interface supporting signal
transmission from ear-level device 210A to remote de-
vice 290. Wireless transmitter 550A receives the electri-
cal signal representing the sound picked up from the ear
canal from processor 560A and transmits an outgoing
wireless signal representing the same sound to remote
device 290. VOX circuit 530A activates a major portion
of ear-level device 210A only when sound is detected by
ear canal microphone 540. In one embodiment, VOX cir-
cuit 530A includes a voice-controlled switch connecting
between battery 580A and the portions of ear-level de-
vice 210A that are voice activated. The switch is driven
by the sound detected by ear canal microphone 540. It
is turned on when sound detected by ear canal micro-
phone 540 exceeds a predetermined threshold. In one
embodiment, VOX circuit 530A activates processor 560A
when the sound is detected. In one further embodiment,
VOX circuit 530A also activates wireless transmitter
550A when the sound is detected. Battery 580A supplies
the power needed for the operation of ear-level device
210A. In one embodiment, battery 580A is a rechargea-
ble battery that can be recharged without being taken out
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from ear-level device 210A.

[0043] Ear-level device 210B is an audio receiver that
includes an external microphone 520, an ear canal
speaker 570, a processor 560B, a wireless receiver
550B, an antenna 555B, a receiver VOX circuit 530B,
and a battery 580B. External microphone 520 picks up
ambient sound such that the person wearing ear-level
devices 210A and 210B is not "isolated" when commu-
nicating to remote device 290. It allows that person to
talk to a nearby person directly, without the need to take
off ear-level devices 210A and/or 210B. Bar canal speak-
er 570 transmits sound received from remote device 290
and/or external microphone 520 to the same ear canal.
Processor 560B converts the signals received from re-
mote device 290 and/or external microphone 520 to a
sound audible to the person wearing ear-level device
210B. In one embodiment, processor 560B includes one
or more of amplification circuitry, filtering circuitry, acous-
tic feedback reduction circuitry, noise reduction circuitry,
and tone control circuitry, among other circuits perform-
ing signal processing functions as known in the art. In
one embodiment, processor 560B includes a speechrec-
ognition module used to enhance the audio signals re-
ceived by ear-level device 210B. Wireless receiver 550B
and antenna 555B form a telemetry interface supporting
signal transmission from remote device 290 to ear-level
device 210B. Wireless receiver 550B receives an incom-
ing wireless signal representing a remote sound from re-
mote device 290 and transmits an electrical signal rep-
resenting the remote sound to processor 560B. VOX cir-
cuit 530B activates a major portion of ear-level device
110 only when sound is detected by at least one of ex-
ternal microphone 520 and wireless receiver 550B. In
one embodiment, VOX circuit 530B includes a voice-con-
trolled switch connecting between battery 580B and the
portions of ear-level device 210B that are voice activated.
The switch is driven by the sound detected by at least
one of external microphone 520 and wireless receiver
550B. It is turned on when sound detected by external
microphone 520 exceeds a predetermined threshold
and/or when wireless transceiver 550B receives the in-
coming wireless signal representing the remote sound.
In one embodiment, VOX circuit 530B activates proces-
sor 560B when the sound is detected. In one further em-
bodiment, VOX circuit 530B also activates ear-level
speaker 570 when the sound is detected. Battery 580B
supplies the power needed for the operation of ear-level
device 210B. In one embodiment, battery 580B is a re-
chargeable battery that can be recharged without being
taken out from ear-level device 210B.

[0044] System 200 accommodates a larger overall cir-
cuit size without necessarily increasing the size of each
ITE device. While two separate ear-level devices are re-
quired, because system 200 includes separate audio
transmitter (ear-level device 210A) and receiver (ear-lev-
el device 210B) disposed in the ear canals of opposite
ears, ear canal speaker 570 and ear canal microphone
540 do not form a loop causing echo and ringing.
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[0045] FIG. 6is an illustration of an exemplary exterior
configuration of an ear-level device including a behind-
the-ear (BTE) device 610 used as ear-level device 110
or one of ear-level devices 210A and 210B. BTE device
610 is attached to ear 101 with pinna 302 and ear canal
303. In one embodiment, BTE device 610 is used when
none of ITE device 310A, PTC device 310B, and CIC
device 310C provides sufficient space accommodating
the required circuit and battery sizes. For the purpose of
this document, only a device attached to a right ear is
shown for each exterior structure. It is to be understood
that each of ear-level devices 110, 210A, and 210B can
be eithera BTE device configured for right ear attachment
or a BTE device configured for left ear attachment. Gen-
erally, a BTE device configured for right ear attachment
has a substantially symmetrical appearance to a device
of the same type configured for left ear attachment In
system 100, ear-level device 110 is a device configured
either for right ear attachment or for left ear attachment.
In system 200, either one of ear-level device 210A and
210B is a device structured forright ear attachment, while
the other is a device structured for left ear attachment.
[0046] BTE device 610includes a behind-the-earmod-
ule (BTE module) 611 and an in-the-ear module (ITE
module) 612. ITE module 612 includes a custom or mod-
ular earmold. In one embodiment, the earmold is fully
occluded to maximize audio efficiency. In another em-
bodiment, the earmold is vented to remove undesirable
low frequency sound.

[0047] FIG. 7 is a block diagram showing one embod-
iment of the circuit of ear-level device shown in FIG. 6
used as ear-level device 110. The exterior configuration
of ear-level device 110 is of the type illustrated as BTE
device 610.

[0048] Ear-level device 110 configured as BTE device
610 differs from ear-level device 110 configured as
ITE/ITC/CIC devices 310A/310B/310C primarily in the
physical arrangement of device components. By way of
example, but not by way of limitation, FIG. 7 illustrates
one embodiment in which BTE module 611 includes ex-
ternal microphone 420, processor 460, wireless trans-
ceiver 450, antenna 455, VOX circuit 430, and battery
480, and ITE module 612 includes ear canal microphone
440 and ear canal speaker 470. Other possible embod-
iments depend on size and other considerations that are
known to those skilled in the art. In one embodiment,
behind-ear portion 611 includes only battery 480 to max-
imize the duration of use of ear-level device 110 between
battery replacements or recharges.

[0049] FIG. 8 is a block diagram showing another em-
bodiment of the circuit of ear-level device shown in FIG.
6 used as each of ear-level devices 210A and 210B. The
exterior configuration of each of ear-level devices 210A
and 210B is of the type illustrated as BTE device 610.
[0050] Ear-level devices 210A/210B configured as
BTE device 610 differ from ear-level devices 210A/210B
configured as ITE/ITC/CIC devices 310A/310B/310C pri-
marily in the physical arrangement of device compo-
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nents. By way of example, but not by way of limitation,
FIG. 8 illustrates one embodiment of ear-level device
210A including a BTE module 611A and an ITE module
612A, and ear-level device 210B including a BTE module
611B and an ITE module 612B. BTE module 611A in-
cludes processor 560A, wireless transmitter 550A, an-
tenna 555A, transmitter VOX circuit 530A, and battery
580A. ITE module 612A includes ear canal microphone
540. Behind-the-ear portion 611B includes external mi-
crophone 520, processor 560B, wireless receiver 550B,
antenna 555B, receiver VOX circuit 530B, and battery
580B. ITE module 612B includes ear canal speaker 570.
Other possible embodiments depend on size and other
considerations that are known to those skilled in the art.
In one embodiment, BTE modules 611A and 611B in-
clude only batteries 580A and 580B, respectively, to max-
imize the duration of use of ear-level devices 210A and
210B, respectively, between battery replacements or re-
charges.

[0051] FIG. 9is aflow chartillustrating an embodiment
of a method for audio communication using system 100
or system 200. The method provides for private, simul-
taneous two-way communication between a person and
a remote device such as a computer, a personal digital
assistant (PDA), a cellular phone, a walkie talkie, or a
language translator. In this embodiment. VOX is used for
power management. A VOX circuit includes a power
switch connecting a battery to the portions of the circuit
of system 100 or system 200 that are voice activated.
The VOXis "on" when the voice-activated portions of the
circuit are activated, i.e., when the power switch remains
on. It is "started" by turning on the power switch, and
"stopped" by turning off the power switch.

[0052] Steps 910-918 illustrate the process of detect-
ing a sound from an ear canal and transmitting it to a
remote device. A microphone disposed in an ear canal
detects an occluded sound within the ear canal at 910.
If the occluded sound is detected at 911, the VOX of the
system is started at 912 if it is not already on. The oc-
cluded sound is enhanced at 914 with a voice recognition
system that improves the signal-to-noise ratio, where the
signalis the voice of a speech, and the noise is any sound
other than the voice of the speech. The occluded sound
is then converted to an outgoing radio signal at 916. The
outgoing radio signal representing the occluded sound
is transmitted to the remote device at 918.

[0053] Steps 920-928 illustrate the process of detect-
ing a sound sent from the remote device and transmitting
it to the ear canal. A radio receiver detects an incoming
radio signalrepresenting a remote sound from the remote
device at 920. If the incoming radio signal is detected at
921, the VOX of the system is started at 922 if it is not
already on. The incoming radio signal is converted to a
first incoming audio signal (the remote sound) at 924.
The first incoming audio signal is enhanced at 926 with
a voice recognition system that improves the signal-to-
noise ratio, where the signal is the voice from the remote
device, and the noise is any sound other than the voice.
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A speaker disposed in the ear canal transmits the first
incoming audio signal representing the sound from the
remote device to the ear canal at 928.

[0054] Steps 930-938 illustrate the process of detect-
ing a sound from the environment and transmit it to the
ear canal. A microphone outside the ear canal detects
anambientsound at 930. If the ambient sound is detected
at 931, the VOX of the system is started at 932 if it is not
already on. The ambient sound is converted to a second
incoming audio signal at 934. The second incoming audio
signalis enhanced at 936 with a voice recognition system
that improves the signal-to-noise ratio, where the signal
is any voice included in the ambient sound, and the noise
is any sound other than the voice. A speaker disposed
in the ear canal transmits the second incoming audio
signal representing to the ear canal at 928.

[0055] If no signal (sound or radio signal) is detected
at911, 921, and 931, the VOX is stopped at 940. In other
words, if no sound is to be processed, the communication
system is inactivated except for the portions that must
be active for sound detection at all times. In one embod-
iment, the VOX is stopped after a predetermined period
of time to avoid frequent activation/deactivation during a
conversation.

[0056] Systems 100 and 200 are each a full duplex
system capable of performing steps 910-918, 920-928,
and 930-938 are performed in parallel and simultaneous-
ly. In an embodiment in which system 100 performs the
method, ear-level device 110 performs steps 910-918,
924-928, and 930-938. If a signal is detected at 911, 921,
or 931, VOX 430 activates at least portions of device 110
performing steps 914-918, 924-928, or 934-938, respec-
tively. If no signal is detected at 911, 921, or 931, VOX
430 deactivates at least the portions of device 110 per-
forming steps 914-918, 924-928, or 934-938, respective-
ly.

[0057] In an embodiment in which system 200 per-
forms the method, ear-level device 210A performs steps
910-918, and ear-level device 210B performs steps
920-928 and 930-930. If a signal is detected at 911, trans-
mitter VOX 530A activates at least portions of device
210A performing steps 914-918. If a signal is detected
at 921 or 931, receiver VOX 530B activates at least por-
tions of device 210B performing steps 924-928 or
934-938, respectively. If no signal is detected at 911,
transmitter VOX 530A deactivates at least the portions
of device 210A performing steps 914-918. If no signal is
detected at 921 or 931, receiver VOX 530B deactivates
at least the portions of device 210B performing steps
924-928 or 934-938, respectively.

[0058] FIG. 10 is a flow chart illustrating another em-
bodiment of the method for audio communication using
system 100. In this embodiment, in addition to power
management, the VOXis also used for gating, i.e., blank-
ing or attenuating, sounds. The VOX circuit includes a
power switch connecting a battery to the portions of the
circuit of system 100 that are voice activated and gating
modules capable of blanking or attenuating the occluded
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sound, the remote sound, and the ambient sound. Ex-
amples of such gating modules include occluded sound
gating module 441, remote sound gating module 451,
and ambient sound gating module 421, designated for
the occluded sound, the remote sound, and the ambient
sound, respectively.

[0059] Steps 1010-1019 illustrate the process of de-
tecting the occluded sound from the ear canal and trans-
mitting it to the remote device. The microphone disposed
in the ear canal detects the occluded sound within the
ear canal at 1010. If the occluded sound is detected at
1011, the VOX of the system is started to power the voice-
activated portions of the circuit of system 100 at 1012 if
they are not already powered. The VOX determines
whether to start gating the occluded sound on at 1013.
In one embodiment, the occluded sound is gated on when
its amplitude exceeds a predetermined threshold and
when the effective gating coordination rule permits. Ex-
amples of gating coordination rules are described above
with respect to FIG. 4B. If the occluded sound is gated
onat1013, itis processed at 1014 by following steps that
are identical or similar to steps 914-916-918. The occlud-
ed sound is gated off at 1019 if it has been gated on but
is no longer detected. In one embodiment, the occluded
sound is gated off after it is not detected for a predeter-
mined period.

[0060] Steps 1020-1028 illustrate the process of de-
tecting the remote sound sent from the remote device
and transmitting it to the ear canal. A radio receiver de-
tects the incoming radio signal representing the remote
sound from the remote device at 1020. If the remote
sound is detected at 1021, the VOX of the system is start-
ed to power the voice-activated portions of the circuit of
system 100 at 1022 if they are not already powered. The
VOX determines whether to start gating the remote
sound on at 1023. In one embodiment, the remote sound
is gated on when its amplitude exceeds a predetermined
threshold and when the effective gating coordination rule
permits. In another embodiment, the remote sound is gat-
ed on when the incoming radio signal is detected and
when the effective gating coordination rules permits. If
the remote sound is gated on at 1023, it is processed at
1024 by following steps that are identical or similar to
steps 924-926-928. The remote sound is gated off at
1029 if it has been gated on but is no longer detected. In
one embodiment, the remote sound is gated off after it
is not detected for a predetermined period.

[0061] Steps 1030-1038 illustrate the process of de-
tecting the ambient sound and transmit it to the ear canal.
A microphone outside the ear canal detects the ambient
sound at 1030. If the ambient sound is detected at 1031,
the VOX of the system is started to power the voice-
activated portions of the circuit of system 100 at 1032 if
they are not already powered. The VOX determines
whether to start gating the ambient sound on at 1033. In
one embodiment, the ambient sound is gated on when
its amplitude exceeds a predetermined threshold and
when the effective gating coordination rule permits. If the
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ambient sound is gated on at 1033, it is processed at
1034 by following steps that are identical or similar to
steps 934-936-938. The ambient sound is gated off at
1039 if it has been gated on but is no longer detected. In
one embodiment, the ambient sound is gated off after it
is not detected for a predetermined period.

[0062] If no signal (sound or radio signal) is detected
at 1011,1021, and 1031, the VOX is stopped at 1040. In
other words, if no sound is to be processed, the commu-
nication system is inactivated except for the portions that
must be active for sound detection at all times, In one
embodiment, the VOX is stopped after a predetermined
period of time to avoid Sequent activation/deactivation
during a conversation.

[0063] It is to be understood that the above detailed
description is intended to be illustrative, and not restric-
tive. Other embodiments will be apparent to those of skill
in the art upon reading and understanding the above de-
scription. For example, two ear-level devices 110, or a
pair of devices each being similar to ear-level device 110,
can be used to deliver a stereo sound. The scope of the
invention should, therefore, be determined with refer-
ence to the appended claims.

Claims

1. A system adapted for use in at least one of afirst ear
(101A) having a first ear canal (303) and a second
ear (101B) having a second ear canal (303) com-
prising:

a first ear-level device (110, 210A) configured
to be one of an in-the-ear (ITE) device and a
behind-the-ear (BTE) device, the first ear-level
device including:

a first microphone (440) adapted for use in
one of the first ear canal and the second ear
canal, and adapted to receive an occluded
sound (305) within the one of the first ear
canal (303) and the second ear canal (303);
and

a wireless receiver, connected to a first
processor (460), to receive a first wireless
signal representing a remote sound;

wherein the first processor (460) is connected to the
first microphone (440) and is adapted to process the
occluded sound (305) and the remote sound; the first
ear level device further including:

a speaker adapted for use in the one of the first
ear canal (303) and the second ear canal (303)
and adapted to transmit the processed remote
sound to the one of the first ear canal (303) and
the second ear canal (303);

a wireless transmitter, connected to the first
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processor (460) and adapted to receive the
processed occluded sound from the first proc-
essor (460) and transmit a second wireless sig-
nal representing the occluded sound;

a first earmold housing at least the first micro-
phone (440) and the speaker (470), at least a
portion of the first earmold configured for place-
ment in the one of the first ear canal (303) and
the second ear canal (303); and

a first voice operated exchange (VOX) circuit
(430) connected to the first processor (460);
the first VOX circuit (430) including:

an occluded sound gating module (441)
adapted to gate the occluded sound on, and
to gate the remote sound off, when the oc-
cluded sound is detected while the remote
sound is not detected; and

aremote sound gating module (451) adapt-
ed to gate the remote sound on, and to gate
the occluded sound off, when the incoming
remote sound is detected while the occlud-
ed sound is not detected.

2. A system according to claim 1, wherein the first ear-

mold houses the first microphone (440), the first
processor (460) and the wireless transmitter, and
wherein the first earmold is configured for use as the
ITE device (310A).

3. A system according to claim 1, wherein the first ear
level device (110,210A) comprises an ITE module
including the first microphone (440) and a BTE mod-
ule attached to the ITE module, the BTE module in-
cluding the first processor and the wireless transmit-
ter.

4. A system according to claim 1, wherein the first mi-
crophone (440) and the speaker (470) are imple-
mented as one common device receiving the occlud-
ed sound and transmitting the processed remote
sound.

5. A system according to claim 4, further comprising a
second microphone (420) connected to the first proc-
essor (460), the second microphone (420) adapted
to receive an ambient sound from outside the one of
the first ear canal (303) and the second ear canal
(303), and wherein:

the first processor (460) further processes the
ambient sound; and

the speaker (470) is configured to transmit the
processed remote and ambient sounds to the
one of the first ear canal (303) and the second
ear canal (303).

6. Asystem accordingto claim 5, wherein the first VOX
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circuit (430) comprises an ambient sound gating
module (421), coupled to the first microphone (420),
to blank or substantially attenuate the ambient
sound.

A system according to any of the preceding claims,
wherein the first processor (460) comprisesa speech
recognition module.

A system according to any of claims 4 - 7, wherein
the first earmold houses the first microphone (440),
the first processor (460), the wireless transmitter, the
wireless receiver, and the speaker (470), and where-
in the first earmold is configured for use as the ITE
device.

A system according to claim 8, wherein the first ear-
mold is configured for use as an in-the-canal (ITC)
device (310B).

A system according to claim 9, wherein the first ear-
mold is configured for use as a completely-in-the-
canal (CIC) device (310C).

A system according to any of claims 4 - 7, wherein
the first ear level device (110,210A) comprises an
ITE module including the first microphone (440) and
the speaker (470) and a BTE module attached to the
ITE module and including the second microphone
(420), the first processor (460), the wireless trans-
mitter and the wireless receiver.

A system according to claim 11, wherein the BTE
module comprises the first voice operated exchange
(VOX) circuit (430).

A system according to claim 11, wherein the BTE
module comprises a rechargeable battery (480).

A system according to any of claims 7 - 13, further
comprising a remote device (190, 290) communica-
tively coupled to the wireless transmitter and the
wireless receiver via a telemetry link (195, 295) pro-
viding for simultaneous bidirectional communication
between the first ear-level device (110, 210A) and
the remote device (190, 290).

A system according to claim 14, wherein the remote
device (190, 290) comprises at least one of a com-
puter, a personal digital assistant (PDA), a cellular
phone, a walkie talkie, or a language translator.

A system according to claim 1, wherein the first mi-
crophone (440) is adapted for use in the first ear
canal (303) and receives the occluded sound within
the first ear canal (303), wherein the at least the por-
tion of the first earmold is configured for placement
in the first ear canal (303), and further comprising a
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20
second ear-level device (210B) including:

awireless receiver to receive a first wireless sig-
nal representing a remote sound;

a second processor (260), connected to the
wireless receiver, to convert the first wireless
signal to the remote sound;

a speaker (470) connected to the second proc-
essor, the speaker adapted foruse inthe second
ear canal (303) to transmit the remote sound to
the second ear canal (303); and

a second earmold housing at least the speaker,
at least a portion of the second earmold config-
ured for placement in the second ear canal
(303).

A system according to claim 16, wherein the second
ear-level device (210B) further comprises a second
microphone (420) connected to the second proces-
sor (460), the second microphone (420) adapted to
receive an ambient sound from outside the second
ear canal (303), and wherein:

the second processor (460) further processes
the ambient sound; and

the speaker (470) is configured to transmit the
remote sound and the processed ambient sound
to the second ear canal (303).

A system according to any of claims 16 and 17,
wherein the first ear-level device (110,210A) com-
prises the first voice operated exchange (VOX) cir-
cuit (430) connected to the first processor (460), and
the second ear-level device (210B) further compris-
es a second VOX circuit (430) connected to the sec-
ond processor.

A system according to any of claims 16 - 18, wherein
the first processor and the second processor each
comprise a speech recognition module.

A system according to any of claims 16 - 19, wherein
the first and second ear-level devices are each the
BTE device.

A system according to any of claims 16 - 19, wherein
the first and second ear-level devices are each the
ITE device.

A system according to claim 21, wherein the firstand
second ear-level devices are each an in-the-canal
(ITC) device (310B).

A system according to claim 22, wherein the firstand
second ear-level devices are each a completely-in-

the-canal (CIC) device (310C).

A system according to any of claims 16 - 23, further
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26.

27.

28.

29.

30.
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comprising a remote device (190,290) communica-
tively coupled to the first and second ear-level de-
vices.

A system according to claim 24, wherein the remote
device (190, 290) comprises at least one of a com-
puter, a personal digital assistant (PDA), a cellular
phone, a walkie talkie, or a language translator.

A method, comprising:

detecting an occluded sound using a first micro-
phone adapted for use in an ear canal (303);
detecting an incoming radio signal representing
aremote sound from aremote device (190, 290);
starting a voice operated exchange (VOX)
housed within an ear-level communication de-
vice when at least one of the occluded sound
and the incoming radio signal is detected if the
VOX is not already on, the ear level communi-
cation device being one of an in-the-ear (ITE)
device and a behind-the-ear (BTE) device;
gating the occluded sound on, and gating the
remote sound off, when the occluded sound is
detected while the incoming radio signal is not
detected; and

gating the remote sound on, and gating the oc-
cluded sound off, when the incomingradio signal
is detected while the occluded sound is not de-
tected.

A method according to claim 26, wherein detecting
the occluded sound comprises comparing an ampli-
tude of the occluded sound to an occluded sound
threshold, wherein the occluded sound is detected
when the amplitude of the occluded sound exceeds
the occluded sound threshold.

A method according to any of claims 26 and 27,
wherein detecting the incoming radio signal compris-
es comparing an amplitude of the remote sound to
a remote sound threshold, wherein the incoming ra-
dio signal is detected when the amplitude of the re-
mote sound exceeds the remote sound threshold.

A method according to any of claims 26 - 28, further
comprising detecting an ambient sound using a sec-
ond microphone, and wherein starting the VOX com-
prises starting the VOX when at least one of the oc-
cluded sound, the incoming radio signal, and the am-
bient sound is detected if the VOXis not already on.

A method according to claim 29, further comprising
gating the occluded sound off, gating the remote
sound on, and gating the ambient sound off, when
the incoming radio signal is detected while the oc-
cluded sound is not detected.
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31. A method according to claim 29, further comprising

gating the occluded sound off, gating the remote
sound on, and gating the ambient sound on, when
the incoming radio signal is detected while the oc-
cluded sound is not detected.

32. A method according to claim 29, further comprising

gating the occluded sound on, gating the remote
sound off, and gating the ambient sound off, when
the occluded sound is detected while the incoming
radio signal is not detected.

Patentanspriiche

1.

System, das zur Verwendung in einem ersten Ohr
(101A) mit einem ersten Gehdrgang (303) und/oder
einem zweiten Ohr (101B) mit einem zweiten Ge-
hérgang (303) eingerichtet ist, mit:

einer ersten ohrebenen- bzw. ohrseitigen Vor-
richtung (110, 210A), die dafur eingerichtet ist,
eine In-Ohr-Vorrichtung (ITE) oder eine Hinter-
Ohr-Vorrichtung (BTE) zu sein, wobei die erste
ohrseitige Vorrichtung beinhaltet:

ein erstes Mikrofon (440), das zur Verwen-
dung in dem ersten Gehdrgang oder dem
zweiten Gehdrgang eingerichtet ist, und
das dafir eingerichtet ist, einen verdeckten
Ton (305) in jeweils dem ersten Gehdrgang
(303) oder dem zweiten Gehdrgang (303)
zu empfangen; und

einen Drahtlosempfanger, der miteinem er-
sten Prozessor (460) verbunden ist, um ein
erstes Drahtlossignal zu empfangen, wel-
ches einen Fernton darstellt;

wobei der erste Prozessor (460) mit dem ersten Mi-
krofon (440) verbunden und dafiir eingerichtet ist,
den verdeckten Ton (305) und den Fernton zu ver-
arbeiten;
wobei die erste ohrseitige Vorrichtung ferner be-
inhaltet:

einen Lautsprecher, derzur Verwendung in dem
jeweiligen ersten Gehdrgang (303) oder dem
zweiten Gehdrgang (303) eingerichtet ist, und
der dafiir eingerichtet ist, den verarbeiteten
Fernton an den jeweiligen ersten Gehdrgang
(303) oder den zweiten Gehdrgang (303) zu
Ubertragen;

einen Drahtlossender, der mit dem ersten Pro-
zessor (460) verbunden und dafir eingerichtet
ist, den verarbeiteten verdeckten Ton von dem
ersten Prozessor (460) zu empfangen und ein
zweites Drahtlossignal, das den verdeckten Ton
darstellt, zu senden;
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ein erstes Ohrformgehause wenigstens beidem
ersten Mikrofon (440) und dem Lautsprecher
(470), wobei wenigstens ein Teil der ersten Ohr-
form dafir eingerichtet ist, in dem ersten Gehdr-
gang (303) oder dem zweiten Gehdrgang (303)
platziert zu werden; und

eine erste stimmbetriebene Austauschschal-
tung (VOX) (430), die mit dem ersten Prozessor
(460) verbunden ist;

wobei die erste VOX-Schaltung (430) beinhaltet:

ein Ausblendmodul (441) fir einen verdeckten
Ton, das dafir eingerichtet ist, den verdeckten
Ton einzublenden und den Fernton auszublen-
den, wenn der verdeckte Ton bestimmt wird,
wahrend der Fernton nicht bestimmt wird; und
ein Ausblendmodul (441) fir einen Fernton, das
dafiir eingerichtet ist, den Fernton einzublenden
und den verdeckten Ton auszublenden, wenn
der eingehende Fernton bestimmt wird, wah-
rend der verdeckte Ton nicht bestimmt wird.

System nach Anspruch 1, bei dem eine erste Ohr-
form das erste Mikrofon (440), den ersten Prozessor
(460) und den Drahtlossender einschlief3t, und bei
dem die erste Ohrform zur Verwendung als ITE-Vor-
richtung (310) eingerichtet ist.

System nach Anspruch 1, bei dem die erste ohrsei-
tige Vorrichtung (110, 210A) ein ITE-Modul, das das
erste Mikrofon (440) beinhaltet, und ein zweites
BTE-Modul, das an das ITE-Modul angebracht ist,
beinhaltet, wobei das ITE-Modul den ersten Prozes-
sor und den Drahtlossender beinhaltet.

System nach Anspruch 1, bei dem das erste Mikro-
fon (440) und der Lautsprecher (470) als eine ge-
meinsame Vorrichtung implementiert sind, die den
verdeckten Ton empfangt und den verarbeiteten
Fernton sendet.

System nach Anspruch 4, ferner mit einem zweiten
Mikrofon (420), das mit dem ersten Prozessor (460)
verbunden ist, wobei das zweite Mikrofon (420) dafir
eingerichtet ist, einen imgebungston von auerhalb
das jeweiligen ersten Gehdrgangs (303) oder des
zweiten Gehodrgangs (303) zu empfangen, und wo-
bei:

der erste Prozessor (460) den Umgebungston
ferner bzw. weiterverarbeitet; und

der Lautsprecher (470) dafiir eingerichtet ist,
den verarbeiteten Fern- und Umgebungston an
den jeweiligen ersten Gehdrgang (303) und
zweiten Gehdrgang (303) zu senden.

6. System nach Anspruch 5, bei dem die erste VOX-
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14.

15.
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Schaltung (430) ein Umgebungstonausblendmodul
(421) aufweist, das mit dem ersten Mikrofon (420)
verbunden ist, um den Umgebungston auf Null zu
setzen oder ihn wesentlich zu dampfen.

System nach einem der vorstehenden Anspriiche,
bei dem der erste Prozessor (460) ein Spracherken-
nungsmodul aufweist.

System nach einem der Anspriiche 4 bis 7, bei dem
die erste Ohrform, das erste Mikrofon (440), den er-
sten Prozessor (460), den Drahtlossender, den
Drahtlosempfénger und den Lautsprecher (470) ein-
schlief3t, und bei dem die erste Ohrform dafir ein-
gerichtet ist, als die ITE-Vorrichtung verwendet zu
werden.

System nach Anspruch 8, bei dem die erste Ohrform
zur Verwendung als In-Kanal-Vorrichtung (ITC)
(310B) verwendet zu werden.

System nach Anspruch 9, bei dem die erste Ohrform
zur Verwendung als vollstandig-In-Kanal-Vorrich-
tung (CIC) (310C) verwendet zu werden.

System nach einem der Anspriiche 4 bis 7, bei dem
die erste ohrseitige Vorrichtung (110, 210A) ein ITE-
Modul aufweist, das das erste Mikrofon (440) und
den Lautsprecher (470) und ein BTE-Modul, das an
das ITE-Modul angebracht ist, und das das zweite
Mikrofon (420), den ersten Prozessor (460), den
drahtlos Sender und den drahtlos Empfanger be-
inhaltet, beinhaltet.

System nach Anspruch 11, bei dem das BTE-Modul
die erste sprachbetriebene Austauschschaltung
(VOX) (340) aufweist.

System nach Anspruch 11, bei dem das BTE-Modul
eine wideraufladbare Batterie (480) aufweist.

System nach einem der Anspriiche 7 bis 13, das
ferner eine entfernte Vorrichtung (190, 290) auf-
weist, die mit dem Drahtlossender und dem Draht-
losempfanger Giber eine Telemetrieverbindung (195,
295) in Kommunikationsverbindung steht, um eine
gleichzeitige bi-direktionale Kommunikation zwi-
schen der ersten ohrseitigen Vorrichtung (110,
210A) und der entfernten Vorrichtung (190, 290) be-
reitzustellen.

System nach Anspruch 14, bei dem die entfernte
Vorrichtung (190, 290) wenigstens einen Computer,
einen Personal Digital Assistant (PDA), ein Mobilte-
lefon, ein Walkie Talkie und/oder einen Sprachtiber-
setzer aufweist.

System nach Anspruch 1, bei dem das erste Mikro-



17.

18.

19.

20.

25

fon (440) dafiir eingerichtet ist, in dem ersten Ge-
hérgang (303) verwendet zu werden, und dieses den
verdeckten Ton in dem ersten Gehdrgang (303)
empféngt, wobei der wenigstens eine Abschnitt der
ersten Ohrform zur Anordnung in dem ersten Ge-
hérgang (303) eingerichtet ist, und ferner mit einer
zweiten ohrseitigen Vorrichtung (210B), die beinhal-
tet:

einen Drahtlosempfanger, um ein erstes Draht-
lossignal zu empfangen, das einen Fernton dar-
stellt;

einen zweiten Prozessor (260), der mit dem
Drahtlosempfanger verbunden ist, um das erste
Drahtlossignal in den Fernton umzuwandein;
einen Lautsprecher (470), der mit dem zweiten
Prozessor verbunden ist, wobei der Lautspre-
cher zur Verwendung in dem zweiten Gehor-
gang (303) eingerichtet ist, um den Fernton an
den zweiten Gehdrgang (303) zu Ubertragen;
und

einer zweiten Ohrform, die wenigstens den
Lautsprecher einschlie3t, wobei wenigstens ein
Teil der zweiten Ohrform zur Anordnung in dem
zweiten Gehdrgang (303) eingerichtet ist.

System nach Anspruch 16, bei dem die zweite ohr-
seitige Vorrichtung (210B) ferner ein zweites Mikro-
fon (420) aufweist, das mit dem zweiten Prozessor
(460) verbunden ist, wobeidas zweite Mikrofon (420)
dafur eingerichtet ist, einen Umgebungston von au-
Rerhalb des zweiten Gehdrgangs (303) zu empfan-
gen, und bei dem:

der zweite Prozessor (460) den Umgebungston
weiterverarbeitet; und

der Lautsprecher (470) dafiir eingerichtet ist,
den Fernton und den verarbeiteten Umge-
bungston an den zweiten Gehérgang (303) zu
senden.

System nach einem der Anspriiche 16 oder 17, bei
dem die erste ohrseitige Vorrichtung (110, 210A) die
erste sprachbetriebene Austauschschaltung (VOX)
(430) mit dem ersten Prozessor (460) verbunden
aufweist, und wobei die zweite ohrseitige Vorrich-
tung (210B) ferner eine zweite VOX-Schaltung (430)
aufweist, die mit dem zweiten Prozessor verbunden
ist.

System nach einem der Anspriiche 16 bis 18, bei
dem der erste Prozessor und der zweite Prozessor
jeweils ein Spracherkennungsmodul aufweisen.

System nach einem der Anspruch 16 bis 19, beidem
die ersten und zweiten ohrseitigen Vorrichtungen je-
weils die BTE-vorrichtungen darstellen.
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22,

23.

24.

25,

26.

27.

26

System nach einem der Anspriiche 16 bis 19, bei
dem die ersten und zweiten ohrseitigen Vorrichtun-
gen jeweils die ITE-Vorrichtungen darstellen.

System nach Anspruch 21, bei dem die ersten und
zweiten ohrseitigen Vorrichtungen jeweils eine In-
Gehdrgangs-Vorrichtung (ITC) (310B) darstellen.

System nach Anspruch 22, bei dem die ersten und
zweiten ohrseitigen Vorrichtungen jeweils Vollstén-
dig-In-Gehdrgangs-Vorrichtungen (CIC) (310C) dar-
stellen.

System nach einem der Anspriiche 16 bis 23, das
ferner eine entfernte Vorrichtung (190, 290) auf-
weist, die kommunikativ mit den ersten und zweiten
ohrseitigen Vorrichtungen verbunden ist.

System nach Anspruch 24, bei dem die entfernte
Vorrichtung (190, 290) wenigstens einen Computer,
einen Personal Digital Assistant (PDA), ein Mobilte-
lefon, ein Walkie Talkie und/oder einen Sprachtiber-
setzer aufweist.

Verfahren, das beinhaltet:

Bestimmen eines verdeckten Tons unter Ver-
wendung eines ersten Mikrofons, das zur Ver-
wendung in einem Gehérgang (303) eingerich-
tet ist;

Bestimmen eines eingehenden Funksignals,
das einen Fernton von einer entfernten Vorrich-
tung (190, 290) darstellt;

Starten einer sprachbetriebenen Austauschein-
richtung (VOX), die in einer ohrseitigen Kommu-
nikationsvorrichtung eingeschlossen ist, wenn
der verdeckte Ton und/oder das eingehende
Funksignal bestimmt wird, wenn die VOX nicht
bereits an ist, wobei die ohrseitige Kommunika-
tionsvorrichtung eine In-Ohr-Vorrichtung (ITE)
oder eine Hinter-Ohr-Vorrichtung (BTE) dar-
stellt;

Einblenden des verdeckten Tons und Ausblen-
den des Ferntons, wenn der verdeckte Ton be-
stimmt wird, wahrend das eingehende Funksi-
gnal nicht bestimmt wird; und

Einblenden des Ferntons und Ausblenden des
verdeckten Tons, wenn das eingehende Funk-
signal bestimmt wird, wéhrend der verdeckte
Ton nicht bestimmt wird.

Verfahren nach Anspruch 26, bei dem das Bestim-
men des verdeckten Tons, das Vergleichen einer
Amplitude des verdeckten Tons mit einem Schwell-
wert flr einen verdeckten Ton beinhaltet, wobei der
verdeckte Ton bestimmt wird, wenn die Amplitude
des verdeckten Tones den Schwellwert fiir den ver-
deckten Ton Gberschreitet.
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28. Verfahren nach einem der Anspriiche 26 oder 27,
bei dem das Bestimmen des eingehenden Funksi-
gnals das Vergleichen einer Amplitude des Ferntons
mit einem Ferntonschwellwert beinhaltet, wobei das
eingehende Funksignal bestimmt wird, wenn die
Amplitude des Ferntons den Ferntonschwellwert
uberschreitet.

29. Verfahren nach einem der Anspriiche 26 bis 28, das
ferner das Bestimmen eines Umgebungstons unter
Verwendung eines zweiten Mikrofons beinhaltet,
und wobeidas Starten der VOX das Starten der VOX
beinhaltet, wenn wenigstens der verdeckte Ton, das
eingehende Funksignal und/oder der Umgebungs-
ton bestimmt wird, wahrend die VOX noch nicht be-
reits an ist.

30. Verfahren nach Anspruch 29, das ferner das Aus-
blenden des verdeckten Tons, das Einblenden des
Ferntons und das Ausblenden des Umgebungstons
beinhaltet, wenn das eingehende Funksignal be-
stimmt wird, wéahrend der verdeckte Ton nicht be-
stimmt wird.

31. Verfahren nach Anspruch 29, das ferner das Aus-
blenden des verdeckten Tons, das Einblenden des
Ferntons und das Einblenden des Umgebungstons
beinhaltet, wenn das eingehende Funksignal be-
stimmt wird, wédhrend der verdeckte Ton nicht be-
stimmt wird.

32. Verfahren nach Anspruch 29, das ferner das Ein-
blenden des verdeckten Tones, das Ausblenden des
Ferntons und das Ausblenden des Umgebungstons
beinhaltet, wenn der verdeckte Ton bestimmt wird,
wahrend das eingehende Funksignal nicht bestimmt
wird.

Revendications

1. Un systéme adapté en vue d’une utilisation dans au
moins une parmi une premiére oreille (101A) ayant
un premier conduit auditif (303) et une seconde
oreille (101B) ayant un second conduit auditif (303),
comprenant:

un premier dispositif d’oreille (110, 210A) confi-
guré pour étre un parmi un dispositif placé a 'in-
térieur de l'oreille (ITE) et un dispositif contour
d’oreille (BTE), le premier dispositif d’oreille
comprenant :

un premier microphone (440) adapté en vue
d’une utilisation dans un parmi le premier
conduit auditif et le second conduit auditif,
et adapté pour recevoir un son occlus (305)
alintérieur de celui parmile premier conduit
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auditif (303) et le second conduit auditif
(303) ; et

un récepteur sans fil, connecté a un premier
processeur (460), pour recevoir un premier
signal sans fil représentant un son distant ;

dans lequel le premier processeur (460) est connec-
té au premier microphone (440) et est adapté pour
traiter le son occlus (305) et le son distant; le premier
dispositif d’oreille comprenant en outre :

un haut-parleur adapté en vue d'une utilisation
dans celui parmi le premier conduit auditif (303)
et le second conduit auditif (303) et adapté pour
transmettre le son distant traité a celui parmi le
premier conduitauditif (303) et le second conduit
auditif (303) ; un émetteur sans fil, connecté au
premier processeur (460) et adapté pour rece-
voir le son occlus traité du premier processeur
(460) et émettre un second signal sans fil repré-
sentant le son occlus ;

un premier embout auriculaire logeant au moins
le premier microphone (440) et le haut-parleur
(470), au moins une portion du premier embout
auriculaire étant configurée en vue d’étre placée
dans celui parmi le premier conduit auditif (303)
et le second conduit auditif (303) ; et

un premier circuit d’échange a commande vo-
cale (VOX) (430) connecté au premier proces-
seur (460) ;

le premier circuit VOX (430) comprenant :

un module de contréle de son occlus (441)
adapté pour laisser passer le son occlus et
pour bloguer le son distant lorsque le son
occlus est détecté alors que le son distant
n’est pas détecté ; et

un module de contrdle de son distant (451)
adapté pour laisser passer le son distant et
pour bloquer le son occlus lorsque le son
distant entrant est détecté alors que le son
occlus n’est pas détecté.

Systéme selon larevendication 1, dans lequel le pre-
mier embout auriculaire loge le premier microphone
(440), le premier processeur et I'émetteur sans fil,
etdans lequel le premier embout auriculaire est con-
figuré pour étre utilisé comme dispositif ITE (310 A).

Systéme selon la revendications 1, dans lequel le
premier dispositif d’oreille (110, 210A) comprend un
module ITE comprenant le premier microphone
(440) et un module BTE fixé au module ITE, le mo-
dule BTE comprenant le premier processeur et
I'émetteur sans fil.

Systéme selon larevendication 1, dans lequel le pre-
mier microphone (440) et le haut-parleur (470) sont
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11.

12.
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mis en oeuvre sous la forme d’un dispositif commun
recevant le son occlus et émettant le son distant trai-
té.

Systéme selon la revendication 4, comprenant en
outre un second microphone (420) connecté au pre-
mier processeur (460), le second microphone (420)
étant adapté pour recevoir un son ambiant de I'ex-
térieur de celui parmi le premier conduit auditif (303)
et le second conduit auditif (303), et dans lequel :

le premier processeur (460) traite en outre le
son ambiant ; et

le haut-parleur (470) est configuré pour trans-
mettre les sons distant et ambiant traités a celui
parmi le premier conduit auditif (303) et le se-
cond conduit auditif (303).

Systéme selon larevendication 5, dans lequel le pre-
mier circuit VOX (430) comprend un module de con-
tréle de son ambiant (421), couplé au premier mi-
crophone (420), pour occulter ou atténuer sensible-
ment le son ambiant.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel le premier processeur
(460) comprend un module de reconnaissance vo-
cale.

Systéme selon I'une quelconque des revendications
4 a7, dans lequel le premier embout auriculaire loge
le premier microphone (440), le premier processeur
(460), I'émetteur sans fil, le récepteur sans fil, et le
haut-parleur (470), etdans lequel le premier embout
auriculaire est configuré pour étre utilisé comme dis-
positif ITE.

Systéme selon larevendication 8, danslequel le pre-
mier embout auriculaire est configuré pour étre uti-
lisé comme dispositif intra-conduit (ITC) (310B).

Systéme selon larevendication 9, dans lequel le pre-
mier embout auriculaire est configuré pour étre uti-
lis€ comme dispositif complétement intra-conduit
(CIC) (3100C).

Systéme selon I'une quelconque des revendications
4 a7, dans lequel le premier dispositif d’oreille (110,
210A) comprend un module ITE comprenant le pre-
mier microphone (440) et le haut-parleur (470) et un
module BTE fixé au module ITE et comprenant le
second microphone (420), le premier processeur
(460), I'émetteur sans fil et le récepteur sans fil.

Systéme selon la revendication 11, dans lequel le
module BTE comprend le premier circuit d’échange
a commande vocale (VOX) (430).
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13.

14.

15.

16.

17.

18.

30

Systéme selon la revendication 11, dans lequel le
module BTE comprend une batterie rechargeable
(480).

Systéme selon 'une quelconque des revendications
7 a 13, comprenant en outre un dispositif distant
(190, 290) couplé en communication a I'émetteur
sans fil et au récepteur sans fil via une liaison de
télémesure (195, 295) assurant une communication
bidirectionnelle simultanée entre le premier dispositif
d’oreille (110, 210A) et le dispositif distant (190, 290).

Systéme selon la revendication 14, dans lequel le
dispositif distant (190, 290) comprend au moins un
parmiun ordinateur, un assistant numeérique person-
nel (PDA), un téléphone cellulaire, un talkie-walkie,
ou un traducteur de langue.

Systéme selon larevendication 1, dans lequel le pre-
mier microphone (440) est adapté en vue d’une uti-
lisation dans le premier conduit auditif (303) et recoit
le son occlus a l'intérieur du premier conduit auditif
(303), ans lequel au moins la portion du premier em-
bout auriculaire est configurée en vue d’étre placée
dans le premier conduit auditif (303), et comprenant
en outre un second dispositif d'oreille (210B)
comprenant :

un récepteur sans fil pour recevoir un premier
signal sans fil représentant un son distant ;

un second processeur (260), connecté au ré-
cepteur sans fil, pour convertir le premier signal
sans fil dans le son distant ;

un haut-parleur (470) connecté au second pro-
cesseur, le haut-parleur étant adapté en vue
d’une utilisation dans le second conduit auditif
(303) pour transmettre le son distant au second
conduit auditif (303) ; et

un second embout auriculaire logeant au moins
le haut-parleur, au moins une portion du second
embout auriculaire étant configurée en vue
d’étre placée dans le second conduit auditif
(303).

Systéme selon la revendication 16, dans lequel le
second dispositif d’oreille (210B) comprend en outre
un second microphone (420) connecté au second
processeur (460), le second microphone (420) étant
adapté pour recevoir un son ambiant de I'extérieur
du second conduit auditif (303), et dans lequel :

le second processeur (460) traite en outre le son
ambiant ; et le haut-parleur (470) est configuré
pour transmettre le son distant et le son ambiant
traité au second conduit auditif (303).

Systéme selon 'une quelconque des revendications
16 et 17, dans lequel le premier dispositif d’oreille
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(110, 210) comprend le premier circuit d’échange a
commande vocale (VOX) (430) connecté au premier
processeur (460), et le second dispositif d’oreille
(210B) comprend en outre un second circuit VOX
(430) connecté au second processeur.

Systéme selon I'une quelconque des revendications
16 a 18, dans lequel le premier processeur et le se-
cond processeur comprennent chacun un module
de reconnaissance vocale.

Systéme selon I'une quelconque des revendications
16 a 19, dans lequel les premier et second dispositifs
d’oreille sont respectivement le dispositif BTE.

Systéme selon I'une quelconque des revendications
16 a 19, dans lequel les premier et second dispositifs
d’oreille sont respectivement le dispositif ITE.

Systéme selon la revendication dans lequel les pre-
mier et second dispositifs d’oreille sont respective-
ment un dispositif intra-conduit (ITC) (310B).

Systéme selon la revendication 22, dans lequel les
premier et second dispositifs d’oreille sont respecti-
vement un dispositif complétement intra-conduit
(CIC) (3100C).

Systéme selon I'une quelconque des revendications
16 a 23, comprenant en outre un dispositif distant
(190, 290) couplé en communication aux premier et
second dispositifs d’oreille.

Systéme selon la revendication 24, dans lequel le
dispositif distant (190, 290) comprend au moins un
parmiun ordinateur, un assistant numérique person-
nel (PDA), un téléphone cellulaire, un talkie walkie,
ou un traducteur de langue.

Un procédé comprenant les étapes consistant a :

détecter un son occlus au moyen d’un premier
microphone adapté en vue d’'une utilisation dans
un conduit auditif (303) ;

détecter un signal radio entrant représentant un
son distant provenant d’'un dispositif distant
(190, 290) ;

lancer un échange a commande vocale (VOX)
logé a lintérieur d’un dispositif de communica-
tion d’oreille lorsqu’au moins un parmi le son
occlus et le signal radio entrant est détecté sile
VOX n’est pas déja en marche, le dispositif de
communication d’oreille étant un parmi un dis-
positif placé a l'intérieur de I'oreille (ITE) et un
dispositif contour d’oreille (BTE) ;

laisser passer le son occlus, et bloquer le son
distant lorsque le son distant occlus est détecté
alors que le signal radio entrant n’est pas

Exhibit 1004
Page 0722 of 1251

10

15

20

25

30

35

40

45

50

55

17

27.

28.

29.

30.

31.

32.

32

détecté ; et

laisser passer le son distant, et bloquer le son
occlus lorsque le signal radio entrant est détecté
alors que le son occlus n’est pas détecté.

Procédé selon la revendication 26, dans lequel la
détection du son occlus comprend la comparaison
d’une amplitude du son occlus avec un seuil de son
occlus, dans lequel le son occlus est détecté lorsque
'amplitude du son occlus dépasse le seuil du son
occlus.

Procédé selon I'une quelconque des revendications
26 et 27, dans lequel la détection du signal radio
entrant comprend la comparaison d’'une amplitude
du son distant avec un seuil de son distant, dans
lequel le signal radio entrant est détecté lorsque
'amplitude du son distant dépasse le seuil du son
distant.

Procédé selon 'une quelconque des revendications
26 a 28, comprenant en outre la détection d’'un son
ambiant au moyen d’un second microphone, etdans
lequel le lancement du VOX comprend le lancement
du VOX lorsqu’au moins un parmi le son occlus, le
signal radio entrant et le son ambiant est détecté si
le VOX n’est pas déja en marche.

Procédé selon la revendications 29, comprenant en
outre I'étape consistant a bloquer le son occlus, lais-
ser passer le son distant et bloquer le son ambiant
lorsque le signal radio entrant est détecté alors que
le son occlus n’est pas détecté.

Procédé selon la revendication 29, comprenant en
outre I'étape consistant a bloquer le son occlus, lais-
ser passer le son distant et laisser passer le son
ambiant lorsque le signal radio entrant est détecté
alors que le son occlus n'est pas détecté.

Procédé selon la revendication 29, comprenant en
outre I'étape consistant a laisser passer le son oc-
clus, bloquer le son distant, et bloquer le son ambiant
lorsque le son occlus est détecté alors que le signal
radio entrant n’est pas détecté.
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Description

[0001] The present invention relates to a system and
a method for separation of a user’s voice from ambient
sound by using at least one device to be worn at the
user's ear or at least partly in the user’s ear canal.
[0002] For communication purposes, in particular for
wireless electronic communication between or from per-
sons exposed to a noisy environment, such as workers
in industrial plants, policemen, soldiers, firemen, etc., it
is desirable to have a sound pick-up system which is
capable at least to some extent to separate the user’s
voice from ambient noise, or generally ambient sound,
in order to improve the intelligibility of the person’s speech
to the listener, who may be one of the other persons
exposed to the noisy environment or who may be a re-
mote person.

[0003] A common approach to achieve such separa-
tion of a person’s voice is the use of a boom microphone,
i.e. a microphone which is placed close to the mouth,
carried by a headset, helmet or any other device worn
by the person. Such microphone selectively emphasizes
the near field around the mouth.

[0004] Otherapproaches are vibration pick-up devices
which are in direct contact with the throat, picking up the
vibrations of the vocal chord, or which are in direct contact
with the meatus wall or the outer ear canal, picking up
the vibrations of the head tissue (i.e. "bone conduction"
microphones) or which are in direct contact with the
cheek-bone.

[0005] Devices of these types are either fairly sensitive
to acoustic noise masking the speech or certain speech
sounds are poorly transmitted, especially the high fre-
quency consonant sounds necessary for good intelligi-
bility. Furthermore, for industrial applications boom mi-
crophones have the drawbacks that they limit the free-
dom of movement of the user and that, when combined
with a hearing protection device, they will affect the sta-
bility and hence the attenuation of the hearing protection
device. Bone-conduction microphones have the draw-
backs that they have a very limited audio bandwidth
which limits the intelligibility of the speech and that they
often have to be pressed fairly hard which causes dis-
comfort to the user.

[0006] US 6,661,901 B1 relates to an active hearing
protection system comprising an earplug with an outer
microphone for picking up ambient sound and an inner
microphone which is sealed with respect to ambient
sound but is open towards the inner part of the user’s ear
canal. In an operation mode in which separation of the
user’s voice from ambient noise is desired only the inner
microphone is activated while the outer microphone is
not, with the signal from the inner microphone being proc-
essed by an electronics unit integrated within the earplug
in order to make the user’s voice highly natural and in-
telligible, either for the user himself or his external com-
munication partners.

[0007] Anotherapproachisbasedonaso-called "blind

Exhibit 1004
Page 0734 of 1251

15

20

25

30

35

40

45

50

55

source separation” (BSS) algorithm in order to separate
a person’s voice from background noise by correspond-
ing audio signal processing. In this respect, US
2003/0055535 A1 relates to the use of a BSS algorithm
for separating the voice of an operator of a vehicle wheel
alignment system with a voice audio interface from back-
ground noise by using a microphone array in order to
avoid the necessity to use a headset. US 2005/0060142
A1 relates in a more general manner to the use of two
spaced-apart microphones operated with a BSS algo-
rithm for voice separation from background noise in audio
applications.

[0008] It is an object of the invention to provide for a
system and a method for separation of a person’s voice
from ambient sound wherein good intelligibility of speech
is achieved while nevertheless discomfort to the person
is to be avoided as far as possible.

[0009] According to the invention this object is
achieved by a system as defined in claims 1 and 25, and
by corresponding methods as defined in claims 28 and
29, respectively.

[0010] The invention is beneficial in that, by using a
first microphone and a second microphone, wherein ac-
cording to the solution of claims 1 and 28 the first micro-
phoneis oriented outwardly towards the environmentand
the second microphone oriented inwardly towards the
user’s ear canal and according to the solution of claims
25 and 29 the first microphone is located at the right ear
and the second microphone is located at the left ear, and
by processing the audio signals from the first and second
microphone by a blind source separation algorithm, good
separation of the user’s voice from ambient sound with
resulting high intelligibility of the user's speech is
achieved without the need for additional restrictions re-
garding the location of the microphones, so that in par-
ticular the need for a boom microphone or a bone-con-
duction microphone can be avoided. In particular, by ori-
enting the first microphone towards the environment and
orienting the second microphone towards the user’s ear
canal or by locating the first microphone at the right ear
and the second microphone at the left ear these two mi-
crophones pick up sufficiently differently mixed signals
of the ambient sound and the user’s voice so that a BSS
algorithm will work efficiently.

[0011] Generally, blind source separation (also re-
ferred to as "independent component analysis" (ICA)) is
a technique for separating mixed source signals (com-
ponents) which are presumably statistically independent
from each other. In its simplified form, blind source sep-
aration applies an "un-mixing" matrix of weights to the
mixed signals, for example, multiplying the matrix with
the mixed signals, to produce separated signals. The
weights are assigned initial values, and then adjusted to
maximize joint entropy of the signals in order to minimize
information redundancy. This weight-adjusting and en-
tropy-increasing process is repeated until the information
redundancy of the signals is reduced to a minimum. Be-
cause this technique does not require information on the
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source of each signal, it is referred to as "blind source
separation”. An introduction to blind source separation
is found, for example, in US 2005/0060142 A1.

[0012] In the most simple cage, BSS is applied to two
different mixtures of two (acoustic) sources, wherein the
two different mixtures are obtained by using two spaced
apart microphones. Mixing of the two sources can be
represented by a matrix A, with the BSS algorithm cor-
responding mathematically to finding the inverse matrix
of A withoutknowing anything about the matrix nor about
the sources, except that they are statistically independ-
ent. In the case of a person’s voice mixed with back-
ground noise the latter assumption usually is valid. The
mixtures of the two sources could be different with re-
spect to amplitude and/or phase of the two sources. In
other words, by picking up sound signals with two differ-
ently oriented microphones the signal of each of these
microphones will correspond to a mixture which is differ-
ent with regard to the difference in amplitude and/or
phase of the two acoustic sources (i.e. user’s voice on
the one hand and ambient noise on the other hand). By
orienting one of the microphones outwardly towards the
environment and the other microphone inwardly to the
ear canal, a particularly large difference between the two
mixtures can be obtained in a simple and particularly
comfortable manner, i.e. no boom microphones or
bone-cunduction microphones which would cause dis-
comfort to the user need to be used.

[0013] According to one embodiment, the two micro-
phones are part of a hearing protection device. With such
a configuration, the microphones can be arranged such
that the ambient sound reaching the inwardly oriented
microphone is attenuated by the hearing protection de-
vice relative to ambient sound reaching the outwardly
oriented microphone. Although such hearing protection
device could be an earmuff, according to a preferred em-
bodiment the hearing protection device is an earplug
comprising a shell which is to be inserted at least partially
into the user’s ear canal. According to one embodiment,
the shell is a customized hard shell having an elasticity
from shore D85 to D65 and having an outer shape ac-
cording to the measured inner shape of the user’s outer
ear and ear canal. According to an alternative embodi-
ment, the shell is a generic soft shell capable of adapting
to the shape of the user’s outer ear and ear canal.
[0014] Preferably, the inwardly oriented microphone is
located at or is open to the inner part of the shell which
is to be inserted into the ear canal, with the inwardly ori-
ented microphone preferably being located at the inner
end of the shell or within a channel of the shell open to
the inner end of the shell.

[0015] Preferably, the outwardly oriented microphone
is located at or is open to the outer part of the shell which
is not to be inserted into the ear canal, with the outwardly
oriented microphone preferably being located at the outer
end of the shell or within a channel of the shell open to
the outer end of the shell.

[0016] If the hearing protection device is an earmuff,
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the first microphone is located at or is open to the outer
side of the earmuff and the second microphone is located
at or is open to the inner side of the earmuff.

[0017] In all embodiments, the device preferably com-
prises a speaker adapted to provide an external audio
signal to the user’s ear. Thereby bidirectional communi-
cation with the user is achieved. Preferably the speaker
is located at or is open to a portion of the device which
is to be worn within the user’s ear canal, whereby the
speaker is brought acoustically close to the user’s ear
drum so that good intelligibility of the sound provided by
the speaker is achieved even in noisy environments.
[0018] Usually the device will be binaural, i.e. it will
comprise one unit for the right ear and another unit for
the left ear. The speaker and the microphones may be
integrated in the same unit, i.e. in atleast one of the units,
or the speaker may be part of the unit for one ear and
the microphones may be part of the unit for the other ear.
[0019] According to one embodiment, the device may
be adapted to be worn completely within the user’s ear
canal, whereby the device can be more or less completely
hidden from the views of other persons. According to
other embodiments, the device may be any other kind of
a wired or wireless headset.

[0020] Preferably the audio signal processing unit is
integrated within the device. In an alternative embodi-
ment, the audio signal processing unit may be adapted
to be worn behind the user’s ear or somewhere at the
user’s body. In this case, although the device becomes
more handy, more space, and hence also more power,
is available for the audio signal processing unit, which
may reduce the costs an/or may improve the perform-
ance of the blind source separation. In such case, the
audio signhal processing unit may be connected to the
microphone either by wires, which is the most simple
solution, or via a wireless link, for example, a radio fre-
quency link such as Bluetooth link, an inductive link or
an infrared link, which solution would result in enhanced
wearing comfort for the user.

[0021] As a further alternative, the audio signal
processing unit could be designed to be located remote
from the user and is connected to the microphones via
aradio frequency link such as Bluetooth link. In this case,
there would be even less restrictions regarding the size
and power consumption of the audio signal processing
unit, which might resultin reduced costs and/or increased
performance of the blind source separation.

[0022] In allembodiments, the system preferably com-
prises a radio frequency transmitter for transmitting the
processed audio signal output of the audio signal
processing unit to a remote radio frequency receiver in
order to provide the user’s voice to another person. Ac-
cording to one embodiment, the radio frequency trans-
mitter is integrated within the audio signal processing
unit, i.e. the radio frequency transmitter may be either
integrated within the device or it may be adapted to be
worn behind the use’s ear or at the user’s body or it could
be even located remote from the user. However, in an



5 EP 1 640 972 A1 6

alternative embodiment, the radio frequency transmitter
could be remote from the audio signal processing unit,
in which case the processed audio signal output of the
audio signal processing unit would be provided to a radio
frequency transmitter by wires or via a radio frequency
link, an inductive link or an infrared link. In this case the
location of the audio signal processing unit and the radio
frequency transmitter can be optimized independently
form each other.

[0023] Inallembodiments, the blind source separation
algorithm preferably works in the frequency domain, i.e.
the algorithm is simultaneously carried out in different
frequency bands/bins and the outcomes of these bands/
bins are combined in an appropriate way.

[0024] Inallembodiments, the blind source separation
algorithm preferably works with the assumption that the
sources are statistically independent, i.e. that the user’s
voice is independent of the ambient sound.

[0025] In the following, examples of the invention will
be explained in detail by reference to the attached draw-
ings.

shows a schematic view of a first em-
bodiment of a hearing protection ear-
plug system according to the invention
inserted into a person’s ear canal with
a block diagram of the most relevant
electronic components;

Fig. 1

shows a schematic view of a modified
embodiment of a hearing protection
earplug according to the invention;

Fig. 2

Figs. 3and 4  show further modified embodiments of

a system according to the invention;
Fig. 5 shows a modification of the embodi-
ment of Fig. 1; and
Fig. 6 shows a modification of the embodi-
ment of Fig. 5.

[0026] The system of Fig. 1 comprises a hearing pro-
tection earplug 10 which may have a hard shell with an
elasticity from shore D85 to shore D65, which is custom-
ized, i.e. it has an outer shape according to the individual
measured inner shape of the user’s outer ear and ear
canal. The hard shell may be manufactured by lay-
er-by-layer laser sintering of a powder material, for ex-
ample, polyamide powder, or by laser stereo-lithography
or photo-polymerization. An overview regarding such ad-
ditive layer-by-layer build-up processes for manufactur-
ing customized shells of hearing devices can be found,
for example, in US 2003/0133583 A1 or US 6,533,062
B1. The inner shape of the person’s ear canal and outer
ear can be measured, for example, by taking an impres-
sion which then undergoes laser scanning or by direct
laser scanning of the ear.
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[0027] Preferably the hard shell is designed such that
it provides for an acoustic attenuation, averaged over the
audible frequency range, of at least 10 dB when inserted
into the user’s ear canal.

[0028] Rather than having a customized hard shell,
earplug 10 may have a generic soft shell which adapts
to the shape of the users outer ear and ear canal due to
its elasticity.

[0029] In Fig. 1 the earplug 10 is shown to be inserted
with its inner end portion into a user’s ear canal 12. The
earplug 10 comprises an outer microphone M1, which is
located at the outer part of the earplug 10 and which is
open to the outer end 14 of the earplug 10 via a sound
channel 16, and an inner microphone M2, which is locat-
ed at the inner part of the earplug 10 and which is open
to the inner end 18 of the earplug 10 via a sound channel
20. The earplug 10 further comprises a speaker S which
is likewise located at the inner part of the earplug 10 and
is open to the inner end 18 via a sound channel 22. The
earplug 10 also includes a digital audio signal processing
unit 24 comprising a digital signal processor as well as
aradio frequency transmitter unit T1 and a radio frequen-
cy receiver unit R1. The audio signal processing unit 24
functionally includes a unit 26 for applying a blind source
separation algorithm to the audio signals provided by the
microphones M1 and M2. Itis evidentto the skilled person
that the earplug 10 includes additional electrical compo-
nents, such as amplifiers and analogue-to-digital con-
verters for the audio signals provided by the microphones
M1 and M2, a digital-to-analogue converter and an am-
plifier for the audio signal to be transformed into sound
by the speaker S, program and data memory compo-
nents for the audio signal processing unit 24, a battery
for power supply, a demodulator, a modulator, an anten-
na, etc., which are not shown in Fig. 1 for the sake of
simplicity.

[0030] The transmitter T1 of the earplug 10 is adapted
to transmit audio signals from the earplug 10 to a remote
receiver R2 via a radio link, while the receiver R1 of the
earplug 10 is adapted to receive audio signals from a
remote transmitter T2. The audio signals received by the
receiver R1 are demodulated and then undergo signal
processing in the audio sighal processing unit 24 as input
to the speaker Sin order to provide remote audio signals
to the user. Such remote audio signals could be the
speech of another person picked up by a microphone
whose outputis sentto the remote transmitter T2 by wires
or via, for example, a mobile telephone or mobile radio
device.

[0031] The audio signals provided by the microphones
M1 and M2 are passed as input to the blind source sep-
aration unit 26, in which a processed audio signal output
for the transmitter T1 is produced, with the processed
audio signal output consisting completely or at least es-
sentially of the user’s voice which has been separated
from the ambient sound by action of the blind source
separation algorithm carried out in the BSS unit 26. Such
BSS signal processing utilizes the fact that the sound
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mixtures picked up by the microphone M1 which is ori-
ented towards the environment and M2 which is oriented
towards the ear canal 12, respectively, consist - due to
the different orientation of the microphones M1 and M2
- of essentially different mixtures of the ambient sound
and the user’s voice, which are different regarding am-
plitude ratio of these two signal contributions or sources
(i.e. ambient sound on the one hand and user’s voice on
the other hand) and regarding phase difference of these
two signal contributions of the mixture.

[0032] The output signal of the BSS unit 26 is trans-
mitted via the transmitter T1 to the remote receiver R2
which usually will be connected to a remote speaker for
presenting the user’s voice to another person. The re-
mote speaker and the remote microphone connected to
the remote transmitter T2 could be part of an earpiece
or an earplug worn by another person, which may be
similar or identical to the earplug 10. Thereby in-the-ear
hearing protection devices with integrated communica-
tion function can be achieved. Such a system could be
usedby any persons who need to communicate in a noisy
environment, such as workers, soldiers, firemen, etc.
However, the remote receiver R2 also might serve for
communication via a mobile telephone or a mobile radio
device.

[0033] In general, the remote receiver R2 / transmitter
T2 could be a part of an interface of a standard wireless
communication device, such as a mobile telephone de-
vice or a mobile radio device Preferably, the wireless link
between the transmitter T1 / receiver R1 and the remote
receiver R2 / remote transmitter T2 is a Bluetooth link.
The remote receiver R2 / transmitter T2 then could be a
partof the Bluetooth interface of a standard wireless com-
munication device, such as a mobile telephone device
or a mobile radio device.

[0034] According to Fig. 1, the audio signal produced
by the microphones M1 and M2, which is used as input
to the BSS unit 26, in addition could undergo other audio
signal processing within the audio signal processing unit
24, for example, in order to provide the ambient sound
picked up by the microphone M1 to the speaker S for
enabling perception of desired ambient sounds during
times when the noise level is low so that the hearing
protection function provided by the earplug 10 is not
needed, or to provide for an in-situ measurement of the
actual acoustic attenuation provided by the earplug 10
when inserted into the user’s ear canal 12 by comparing
the sound levels measured by the microphones M1 and
M2.

[0035] In Fig. 2 a modified embodiment is shown,
whereinthe transmitter T1 andthe receiver R1 have been
removed from the earplug 10 and now are located in an
external unit 28 which is connected by wires 30 to the
earplug 10 and which is to be worn at an appropriate
location at the user’s body, for example behind the user’s
ear or somewhere within or below the user’s clothing, for
example, within a helmet. The external unit 28 may in-
clude further electrical components removed from the
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earplug 10, for example, the power supply battery.
[0036] In Fig. 3 a further modified embodiment is
shown, wherein not only the transmitter T1 and the re-
ceiver R1 (and the power supply battery) but in addition
also the audio signal processing unit 24 including the
BSS unit 26 has been removed from the earplug 10 and
is connected via corresponding wires to the microphones
M1 and M2 and the speaker S, respectively.

[0037] In Fig. 4 a still further modified embodiment is
shown, wherein the wire connection 30 between the ear-
plug 10 and the external unit 28 has been replaced by a
bidirectional wireless link 32, which is established by a
transmitter T3 and a receiver R3 located in the earplug
10 and a corresponding receiver R4 and transmitter T4
located in the external unit 28. The wireless link 32 could
be a radio frequency link, an inductive link or an infrared
link. If it is an inductive link, the external unit 28 would
have to be located relatively close to the earplug 10, for
example at a distance of not more than 20 cm. With an
RF link, the distance could be larger; in this case it would
be even be possible to locate the external unit 28 at a
position remote from the user’s body, for example, within
a distance of a few meters. Preferably the wireless link
32 of the embodiment of Fig. 4 is a Bluetooth link.
[0038] Although in the embodiments shown is Figs. 1
to 4 the speaker S is shown as being integrated in the
same earplug 10 as the microphones M1 and M2, in other
embodiments the speaker S may be provided at an ear-
plug other than the earplug at which the microphones M1
and M2 are provided.

[0039] Fig. 5 shows a modified version of the embod-
iment of Fig. 1, wherein the inwardly oriented second
microphone M2 is not part of the earplug 10 — as shown
in Fig. 1 — but rather is provided at the earplug 11 for
the other ear. The second microphone M2 is located at
the inner part of the earplug 11 and is open to the inner
end 18 of the earplug 11 via a sound channel 20. In ad-
dition, the earplug 11 further comprises a speaker S
which is likewise located at the inner part of the earplug
11 and is open to the inner end 18 via a sound channel
22. The microphone M2 and the speaker S of the earplug
11 are connected to the audio signal processing unit 24
located in the earplug 10 via a wire connection 40 which
be integrated in a mechanical connection (not shown)
between the earplugs 10 and 11 which may be provided
for preventing loss of the earplugs 10, 11.

[0040] According to a modification of the embodiment
of Fig. 5, the outwardly oriented first microphone M1 may
be provided at the earplug 11, while the inwardly oriented
second microphone M2 may be provided at the earplug
10 as in Fig. 1.

[0041] An alternative modification of the embodiment
of Fig. 5 is shown in Fig. 6, wherein both the first micro-
phone M1 of the earplug 10 and the second microphone
M2 of the earplug 11 are outwardly oriented. In this case
the differences in the sound mixtures picked up by the
microphone M1 of the earplug 10 and the microphone
M2 of the earplug 11 are due to the different location of



9 EP 1 640 972 A1 10

the microphone M1 at one ear and the microphone M2
at the other ear (for example, a disturbing noise source
usually will be located closer to one of the two ears and
hence will contribute more strongly and with different
phase to the signal picked up by the microphone located
at that ear than to that located at the other ear).

[0042] According to a modification of the embodiment
of Fig. 6 both microphones M1 and M2 could be inwardly
oriented rather than outwardly oriented.

[0043] While Figs. 5 and 6 and the above-discussed
variants thereof are modifications of the embodiment of
Fig. 1, according to which both the audio signal process-
ing unit 24 and the transmitter T1 / receiver R1 are part
of the earplug 10, it is to be understood that the embod-
iments of Figs. 2 to 4 may be analogously modified, i.e.
by providing the second microphone M2 at the earplug
11 rather than at the earplug 10.

[0044] While the examples discussed so far relate to
an application of the communication system to hearing
protection earplugs, the invention also may be applied
to earmuffs serving as a hearing protection device orgen-
erally to any kind of headset, i.e. also to hearing devices
which do not provide for a hearing protection function.
For example, the headset may consist of a device with
a customized or a generic shell which is designed such
that it can be worn completely in the ear canal 12 (i.e. as
a "CIC device") and which serves exclusively communi-
cation purposes, for example, for security persons, po-
licemen, firemen, etc., i.e. for persons who are exposed
to a noisy environment, with the noise level, however,
being below a threshold value which would require the
use of hearing protection devices. Such CIC device gen-
erally could have the construction of the earplug of Fig.
1, however, without considerable acoustic attenuation
provided due to the material and the design of the shell,
and would be reduced in size so that it can be worn com-
pletely within the ear canal 12.

[0045] In general, the device need not be designed as
an earplug but it may rather be any kind of headset.

Claims

1. A system for separation of a user’s voice from am-
bient sound, comprising a device (10) to be worn at
the user’s ear or at least partly in the user’s ear canal
(12) comprising a first microphone (M1) oriented out-
wardly towards the environment and a second mi-
crophone (M2) oriented inwardly towards the user’s
ear canal, and an audio signal processing unit (24,
26) for processing audio signals from the first and
second microphone by a blind source separation al-
gorithm adapted to separate the user’s voice from
ambient sound.

2. The system of claim 1, wherein the device (10) is
designed as a hearing protection device.
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3.

10.

11.

12,

13.

14.

The system of claim 2, wherein the hearing protec-
tion device (10) is designed to provide for an acoustic
attenuation, averaged over the audible frequency
range, of at least 10 dB.

The system of claim 3, wherein the microphones
(M1, M2) are arranged such that ambient sound
reaching the second microphone (M2) is attenuated
by the hearing protection device (10) relative to am-
bient sound reaching the first microphone (M1).

The system of one of claims 2 to 4, wherein the hear-
ing protection device is an earplug (10) comprising
a shell which is to be inserted at least partially into
the user’s ear canal (12).

The system of claim 5, wherein the shell is a hard
shell having an elasticity from Shore D 85 to Shore
D 65 and having an outer shape according to the
measured inner shape of the user’s outer ear and
ear canal (12).

The system of one of claims 5 and 6, wherein the
second microphone (M2) is located at or is open to
the inner part of the shell which is to be inserted into
the ear canal (12).

The system of claim 7, wherein the second micro-
phone (M2} is located at the inner end of the shell or
within a channel (20) of the shell open to the inner
end of the shell.

The system of one of claims 5 to 8, wherein the first
microphone (M1) is located at or is open to the outer
part of the shell which is not to be inserted into the
ear canal (12).

The system of claim 9, wherein the second micro-
phone (M2) is located at the outer end of the shell
or within a channel (16) of the shell open to the outer
end of the shell.

The system of one of claims 1 to 4, wherein the hear-
ing protection device is an earmuff and wherein the
first microphone is located at or is open to the outer
side of the earmuff and the second microphone is
located at or is open to the inner side of the earmuff.

The system of one of the preceding claims, wherein
the device comprises a speaker (S) adapted to pro-
vide an external audio signal to the user’s ear.

The system of claim 12, wherein the speaker (S) is
located at or within a channel open to that end of the
device which is to be worn within the user’s ear canal.

The system of one of the preceding claims, wherein
the device is adapted to be worn completely within
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the user’s ear canal.

The system of one of the preceding claims, wherein
the audio signal processing unit (24, 26) is integrated
within the device (10).

The system of one of claims 1 to 14, wherein the
audio signal processing unit (24, 26) is adapted to
be worn behind the user’ s ear or at the user’s body.

The system of claim 16, wherein the audio signal
processing unit (24, 26) is connected to the micro-
phones (M1, M2) by wires (30) or via a radio frequen-
cy link (32) such as a Bluetooth link, an inductive link
or an infrared link.

The system of one of claims 1 to 14, wherein the
audio signal processing unit (24, 26) is designed to
be located remote from the user and is connected
to the microphones (M1, M2) via a radio frequency
link (32) such as a Bluetooth link.

The system of one of the preceding claims, wherein
the system comprises a radio frequency transmitter
(T1) for transmitting the processed audio signal out-
put of the audio signal processing unit (24, 26) to a
remote radio frequency receiver (R2) in order to pro-
vide the user’s voice to another person.

The system of claim 19, wherein the remote radio
frequency receiver (R2) is part of a Bluetooth inter-
face of a mobile telephone or a mobile radio system.

The system of claim 19 or 20, wherein the radio fre-
quency transmitter (T1) is integrated with the audio
signal processing unit (24, 26).

The system of claim 19 or 20, wherein the radio fre-
quency transmitter (T1) is remote from the audio sig-
nal processing unit (24, 26) and wherein the proc-
essed audio signal output of the audio signal
processing unit is provided to the radio frequency
transmitter by wires (30) or via an inductive link.

The system of claim 12, wherein the system com-
prises a radio frequency receiver (R1) for receiving
the external audio signal from a remote radio fre-
quency transmitter (T2).

The system of claim 23, wherein the remote radio
frequency transmitter (T2) is part of a Bluetooth in-
terface of a mobile telephone or a mobile radio sys-
tem.

A system for separation of a user’s voice from am-
bient sound, comprising: afirstdevice (10) to be worn
at the user’s right ear or at least partly in the user’s
right ear canal (12), a second device (11) to be worn
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26.

27.

28.

29.

12

at the user’s left ear or at least partly in the user’s
left ear canal (12), the first device comprising a first
microphone (M1) and the second device comprising
a second microphone (M2), and an audio signal
processing unit (24, 26) for processing audio signals
from the first and second microphone by a blind
source separation algorithm adapted to separate the
user’s voice from ambient sound.

The system of claim 25, wherein one of the first mi-
crophone (M1) and second microphone (M2) is ori-
ented outwardly towards the environment and the
other one of the first microphone and second micro-
phone is oriented inwardly towards the user’s ear
canal (12).

The system of one of claims 25 and 26, wherein the
audio signal processing unit (24, 26) is located in
one of the first device (10) and the second device
(11) or is adapted to be worn behind the user’s ear
or at the user’s body or is designed to be located
remote from the user and is connected to the micro-
phonesvia aradio frequency link (32) such as aBlue-
tooth link.

A method for separation of a user’s voice from am-
bient sound, comprising:

providing the user with a device (10) to be worn
at a user’s ear or at least partly in the user’s ear
canal (12) and comprising a first microphone
(M1) oriented towards the environment and a
second microphone (M2) oriented towards the
user’s ear canal (12},

picking up sound by the first microphone to cre-
ate a first audio signal and by the second micro-
phone to create a second audio signal, and
processing the first and second audio signals by
a blind source separation algorithm in order to
produce a processed audio signal wherein the
user’s voice is separated from ambient sound.

A method for separation of a user’s voice from am-
bient sound, comprising:

providing the user with a first device (10) to be
worn at the user’s right ear or at least partly in
the user’s right ear canal (12) and a second de-
vice (11) to be worn at the user’s left ear or at
least partly in the user’s left ear canal (12), the
first device comprising a first microphone (M1)
and the second device comprising a second mi-
crophone (M2),

picking up sound by the first microphone to cre-
ate a first audio signal and by the second micro-
phone to create a second audio signal, and
processing the first and second audio signals by
a blind source separation algorithm in order to
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produce a processed audio signal wherein the
user’s voice is separated from ambient sound.

30. The method of one of claims 28 and 29, wherein the
blind source separation algorithm works in the fre-
quency domain.

31. The method of one of claims 28 to 30, wherein the
processed audio signal is provided to another person
via a wireless link such as a Bluetooth link.
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PURPOBE. To record information before and after an important svant ooours
succassively in real time and securely stors the information for a long period.
CONSTITUTION: This devics is equippsd with a video camera 2a which picks up an
image of an objsct 10 be monitored, a microphone 2b which picks up the sound of the
objact to be monitored, a compressing circuit 3 which compresses the video signal from
the video camera 2a and the sound signal from the microphone 2b, 2 1st slorage
device 7 wherein the oulput of the compressing circuit 3 is recorded endlessly for a
specific time, 3 2nd storage device § wherein the reproduced signal from the 1st
storage device 7 is stored for a long period, an abnommalily recognizing circuit & which
analyzes the contents of the video signal from the video camera 2a and the sound
signal from the microphons 2b and delecls the occurrence of an abnormal event, and a
recording contro! circuit 8 which places the 1t slorage device 7 in g reproduction state
for @ cerlain time when the abnormality recognizing circult & detects the abnormsl eventd
and places the 2nd storage device 8 in g recording siste during the reproduction period
of the st storage device 7.
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[0001] BACKGROUND OF THE INVENTION 1. Field of the Invention The present invention relates to a
monitoring device used in stores, banks and the like.

[0002] 2. Description of the Related Art In a store, a bank or the like, a monitoring device such as a security
camera is provided for security or for recording when a crime has occurred.

[0003] In a conventional monitoring apparatus, a video signal and an audio signal from a security camera are
recorded in an intermittent operation type magnetic recording apparatus called a time-rasp recorder. The time-
rasp recorder records a signal from a security camera one frame at a time at intervals of several seconds to
several tens of seconds, and is capable of continuous recording for several tens of hours.

[0004] However, since the time-rasp recorder only records signals intermittently, important information such as
the moment of a crime or the clothing of a suspect is not known. It may not be recorded. In addition, since the
record was intermittent, it was not possible to know details of the behavior of the suspect.

[0005] It is also conceivable to continnously record signals from a security camera on a magnetic recording
device. In this case, however, the continuous recording time is several hours at most due to the limitation of the
length of a magnetic tape used. This is not practical because the tape must be changed at regular intervals.

[0006] It is also conceivable that a recording operation is started by a human being. However, there is a danger
in operating the apparatus in a state where recording is necessary, in view of the characteristics of the security
camera. This is not practical because the operation is complicated and the operation is easy to forget.

[0007] It is therefore an object of the present invention to be able to continuously record information before and
after an important event has occurred in real time, and to reliably store the information for a long period of time.

[0008] In order to achieve the above object, a monitoring device according to the present invention has a video
information detecting device for detecting video information to be monitored and an audio information for
detecting acoustic information to be monitored. A detection device, a compression circuit that compresses a
video signal from the video information detection device and an audio signal from the audio information
detection device, and a first storage device that stores an output of the compression circuit endlessly for a
predetermined time, A second storage device capable of recording a reproduction signal from the first storage
device and storing the reproduced signal for a long period of time; and a content of at least one of a video signal
from the video information detection device and an audio signal from the audio information detection device.
An abnormality recognition circuit that detects the occurrence of an abnormal event by analyzing the first
storage device when the occurrence of the abnormal event is detected by the abnormality recognition circuit for
a certain period of time, It said second storage device in the serial reproduction period of the first storage device,
characterized by comprising a recording control circuit for a recording state.

[0009] In the monitoring apparatus according to the present invention, the first storage device performs a
recording operation at all times, and in a steady state, video information and audio information near the
monitoring target are recorded endlessly for a fixed time. When the occurrence of an abnormal event is detected
by the abnormality recognizing circuit, the reproducing operation in the first storage device is started, and the
recording operation in the second storage device is started, and returns to the original state after a predetermined
time. Therefore, in the second storage device, video information and audio information near the monitoring
target before and after the occurrence of the abnormal event are held.

[0010] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS Hereinafter, the features of the
present invention will be specifically described based on embodiments with reference to the drawings.

[0011] FIG. 1 is a block diagram showing an embodiment of a monitoring apparatus according to the present
invention.
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[0012] Referring to FIG. 1, reference numeral 1 denotes a plurality of monitoring units arranged at different
places in a building to be monitored. Each monitoring unit 1 includes a monitoring camera device 2 including a
video camera 2a such as a CCD camera and a microphone 2b, a compression circuit 3 for compressing a video
signal from the video camera 2a and an audio signal from the microphone 2b, and the presence or movement of
a human body. The human body sensor 4 to be detected, the video signal from the video camera 2a, the audio
signal from the microphone 2b, and the output from the human body sensor 4 are supplied, and the contents of
these signals are analyzed to detect whether an abnormal situation has occurred. An abnormality recognizing
circuit 5, a recording control circuit 6 for controlling a recording / reproducing operation of a storage device to
be described later based on an output of the abnormality recognizing circuit 5, and a first storage device for
storing a compression signal from the compression circuit 3 endlessly for a fixed time. 7, a second storage
device 8 capable of recording information reproduced from the first storage device 7 and storing the information
for a long period of time; The information reproduced from the device 8 is transmitted to a centralized
management system 11 installed in a security company via a communication line 10 such as a telephone line,
and various instructions from the centralized management system 11 are received. The communication circuit 9
is provided.

[0013] As the human body sensor 4, for example, an infrared sensor, a Doppler radar, or the like is used. As the
first storage device 7, for example, a hard disk device or a solid state file made of a semiconductor memory is
used. As the second storage device 8, for example, a magnetic tape device such as a video tape recorder is used.
A recording / reproducing device is used.

[0014] The centralized management system 11 includes a communication circuit 12 for communicating with
each monitoring unit 1 via the communication line 10, a control circuit 13 for controlling the entire centralized
management system 11, a compressed video signal and audio signal. An expansion circuit 14 for expanding the
signal to restore the original signal, an image display device 15 for displaying an image captured by the video
camera 2a based on the restored image signal, and a microphone 2b based on the restored audio signal. A sound
output device 16 for outputting the picked-up sound, and a control panel 17 including a keyboard for giving
various instructions to each monitoring unit 1, a lamp for displaying occurrence of abnormality, and a CRT
display are provided. . The control circuit 13 receives information from each monitoring unit 1, supplies the
information to the video output device 15 and the audio output device 16 via the expansion circuit 14, and
receives various instructions input from the operation panel 17. The process of sending out to the monitoring
unit 1 is performed.

[0015] Next, the operation of the above-described monitoring device will be described. Here, a case where the
inside of the store after the store is closed is monitored by a plurality of monitoring units 1 arranged at various
places in the store will be described as an example. The video signal from the video camera 2a and the audio
signal from the microphone 2b are recorded in the compression circuit 3, and the data amount is compressed by
encoding or the like. Various methods can be adopted as the compression method. For example, it is possible to
adopt a standardized coding method that uses both intra-frame coding and inter-frame coding called MPEG
(moving picture coding experts group). it can.

[0016] The compressed data from the compression circuit 3 is always supplied to the first storage device 7. The
first storage device 7 can switch between a recording mode and a reproduction mode by a mode switching signal
from the recording control circuit 6. In the normal state, the first storage device 7 is in the recording mode, and
the first storage device 7 records the compressed data from the compression circuit 3 for a certain period of time
endlessly. Further, the second storage device 8 is in a stopped state in a normal state, and is in a recording state
when the first storage device 7 is reproduced.

[0017] For example, when the first storage device 7 is a solid state file composed of a semiconductor memory,
compressed data is written in order from the head address of the memory, and when the memory area is full, the
compressed data is written first. Writing is repeated starting from the address. Solid state files can be used semi-
permanently because there are no mechanical moving parts. Similarly, in the case of a hard disk device, the data
is sequentially and continuously recorded on each sector and track on the rotating hard disk. In a hard disk drive,
the hard disk is constantly rotating, and the write / read head is floating above the surface of the hard disk due to
the airflow generated by the rotation of the hard disk, so that the surface of the hard disk does not wear.
Therefore, it can be used for a very long time over several months to several years.

[0018] As a result, the information from the current time to the time that has been traced back by a certain time
corresponding to the storage capacity of the first storage device 7 is recorded in the first storage device 7. In the
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normal state, as described above, the recorded contents of the first storage device 7 are constantly updated with
the latest information of a certain period. That is, the first storage device 7 functions as an endless storage
device.

[0019] Next, when a suspicious person enters the store and passes near the human body sensor 4, the output of
the human body sensor 4 is supplied to the abnormality recognition circuit 5. When there is an output from the
human body sensor 4, the abnormality recognition circuit 5 determines that an abnormality has occurred.

[0020] When the window glass is broken or the door is opened, the sound generated at that time is picked up by
the microphone 2b and supplied to the abnormality recognition circuit 5. In the abnormality recognition circuit
5, the pattern of the frequency component and the amplitude component of the input signal in the audible
frequency range is changed to a pattern of a sound generated when a window glass registered in advance is
broken or a door is opened. It is determined whether or not the pattern matches the sound pattern generated in
the case. If the pattern matches, it is determined that an abnormality has occurred.

[0021] The video signal from the video camera 2a is supplied to the abnormality recognizing circuit 5, and it is
determined whether or not the video has changed within the imaging range, that is, whether or not a moving
object exists within the imaging range. This moving object discrimination can be detected, for example, by
examining the presence or absence of a difference in the content of the video signal at two points separated by a
certain time. That is, when there is a difference between the contents of the two video signals, it is determined
that an abnormality has occurred. It is also possible to determine that an abnormality has occurred when a
pattern other than the predetermined pattern registered in advance appears in the content of the video.

[0022] As described above, by supplying the outputs of the video camera 2a, the microphone 2b, and the human
body sensor 4 to the abnormality recognition circuit 5, it becomes possible to cope with various situations.

[0023] When the abnormality recognition circuit 5 determines that an abnormality has occurred, an abnormality
detection signal is supplied from the abnormality recognition circuit 5 to the recording control circuit 6, and the
first storage device 7 is switched from the recording mode to the reproduction mode, and Then, the recording
operation of the second storage device 8 is started, and the information of the latest certain period recorded in
the first storage device 7 is recorded in the second storage device 8. When the information recorded in the first
storage device 7 is recorded in the second storage device 8, the first storage device 7 is again set to the recording
mode, and the recording operation of the second storage device 8 is stopped.

[0024] By the above-described operation, every time an abnormal event occurs, the reproduction operation of
the first storage device 7 for a certain time and the recording operation of the second storage device 8 fora
certain time synchronized with this reproduction operation are repeated. Therefore, every time an abnormal
event occurs, certain video information and audio information immediately before the occurrence of the
abnormal event are sequentially recorded in the second storage device 8.

[0025] When it is determined by the abnormality recognition circuit 5 that an abnormality has occurred, the
communication circuit 9 provides the abnormality occurrence data indicating that the abnormality has occurred
together with the identification data indicating which monitor unit the data originated from. And transmitted to
the centralized management system 11 installed in the security company via the communication line 10. The
abnormality occurrence data is supplied to the control circuit 13 via the communication circuit 12, and the
operation panel 17 displays where and what kind of abnormality has occurred. At the same time as the
information recorded in the first storage device 7 is reproduced and recorded in the second storage device 8, the
reproduced signal from the first storage device 7 is transmitted to the central management system 11 via the
communication line 10. The video signal and the audio signal are restored to the original video signal and the
audio signal by the decompression circuit 14 and supplied to the video output device 15 and the audio output
device 16 to reproduce the video and the sound immediately before the occurrence of the abnormal event. After
the information recorded in the first storage device 7 is reproduced, real-time information from the video camera
2a and the microphone 2b is transmitted automatically or based on an instruction from the operation panel 17.
You may.

[0026] As a result, the security company can know the details of the abnormality, and can take appropriate
measures such as dispatching a security guard or reporting to a police station in charge.

[0027] Also, by giving an activation instruction from the operation panel 17 to the recording control circuit 6 of
the monitoring unit 1 other than the monitoring unit that has detected the abnormality, the other monitoring units
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in the vicinity of the monitoring unit that has detected the abnormality can receive a start instruction. Also, the
recording in the second storage device 8 is started, real-time information is transmitted via the communication
line 10, and the centralized management system 11 can easily grasp the intruding route and the escape route of
the intruder. it can.

[0028] Further, by giving an instruction to reproduce the second storage device 8 from the operation panel 17 to
the recording control circuit 6 of the monitoring unit 1, the data is recorded in the second storage device 8 on the
centralized management system 11 side. The status of abnormal events in the past can also be known. Note that
a television monitor can be directly connected to the second storage device 8 of the monitoring unit 1 to
reproduce the recorded contents of the second storage device 8.

[0029] In the above-described embodiment, the security device has been described as an example. However, the
present invention is not limited to this. For example, the invention can be applied to monitoring of abnormal
events in a chemical plant or a manufacturing plant. can do.

[0030] As described above, according to the present invention, the status of a monitoring target is always
endlessly recorded in the first storage device, and when an abnormal event occurs, the reproduction operation is
performed in the first storage device. Then, the reproduced signal is recorded in the second storage device
capable of storing the data for a long time. Thus, the situation at the time of occurrence of the abnormal event
can be reliably maintained without being limited by the recordable time of the first storage device that performs
the endless recording.

[0031] BRIEF DESCRIPTION OF THE FIGURES

[0032] FIG. 1 is a block diagram showing an embodiment of a monitoring device according to the present
invention.

[0033] Explanation of reference numerals

[0034] DESCRIPTION OF SYMBOLS 1 ... Surveillance unit, 2 ... Surveillance camera device, 2a ... Video
camera, 2b ... Microphone, 3 ... Compression circuit, 4 ... Human body sensor, 5 ... Abnormality recognition
circuit, 6 ... Recording control circuit, 7 ... First storage device, 8 .. 2nd storage device, 9 communication circuit,
10 communication line, 11 centralized management system, 12 communication circuit, 13 control circuit, 14
expansion circuit, 15 video display device, 16 audio display device, 17 ...Operation board
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1. A video information detection device that detects video information to be monitored, an audio information
detection device that detects audio information to be monitored, and a video signal from the video information
detection device and an audio signal from the audio information detection device are compressed. A first storage
device for recording an output of the compression circuit endlessly for a predetermined time, a second storage
device for recording a reproduction signal from the first storage device and capable of storing the signal for a
long period of time, An abnormality recognition circuit that analyzes the content of at least one of the video
signal from the information detection device and the audio signal from the audio information detection device to
detect the occurrence of an abnormal event; A recording control circuit that, when detected, sets the first storage
device to a reproduction state for a certain period of time and sets the second storage device to a recording state
during a reproduction period of the first storage device. Monitoring apparatus according to claim and.
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Abstract of JPHI0IE2283 (A}

PROBLEM TO BE SOLVED: To instantansously report the cocurrence of car accident
o 8 police and a firshouse and to prevent the occurrence of secondary disaster by
simultanecusly issuing an alarm to a following vehicle by providing a reflector for
reflecting sonic waves and a controller for receiving the reflected sonic waves,
recording these sonic waves and reporting them o s traffic control center or the like.
SOLUTION: Frequencies 1 and £2 diffgrent a little are generaled by a controller 2
insialied above a road, and sent inlo air sfter performing eleciric/ acoustic fransduction
through a parametric transmiierfreceiver 1. On the assumption that g vehicle 4b
collides with a vehicle 42 while this differentis! requency P12 s reflecied by a reflscior
3 and reciprocated through a propagation path 5, 2 non-linear acoustic wave 8 caused
by an abnormal sound {3 genersted at such a time is propagated in ain, the sonic wave
with differential frequency 112 propagated through the propagstion path S is
interfarred and modulated, and this sonic wave s wmed to 2 reflecled sonic wave and
received by the parametric fransmitierfreceiver 1. Then, the generation of abnormality
is detected by 2 conirolier 2, recorded and speedily and automatically reporiad io
smergency coniact facilities 7a and 7b at the sams time.
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JPH10162283A ROAD CONDITION MONITORING DEVICE
Data originating from sources other than the EPO may not be accurate, complete, or up to date.

The wording below is an initial machine translation of the original publication. To generate a version using the
latest translation technology, go to the original language text and use Patent Translate.

[0001] The present invention relates to is, detects an abnormality such as an accident caused by a vehicle in the
road traveling, rapid manner, and automatically Problem to the traffic control center or the like, also two
performs a display of information to a subsequent vehicle order those related to road condition monitoring
apparatus for preventing accidents.

[0002] Conventionally, when the accident or the like during the running of the vehicle has occurred, accident
parties or witnesses, for example, public phone and fixed phone of emergency phones, and the like, in-vehicle
phone and mobile, such as a portable phone it is general to report to the police station and fire station and the
like on the phone. However, if the report at a fixed phone, it takes some time before moving to the location
where the accident parties or witnesses are installed, that it may not be installed near, accident parties without
witnesses not always possible to report the accident and at the same time, such as when the report difficult.
Similarly, in the mobile phone it can be said. Because of this slows down the discovery and reporting of the
accident, there is a risk of secondary disaster caused by other vehicles do not know delay of injured relief, the
accident occurred.

[0003] To solve this, composed of a switch or the like collision sensor collision in the vehicle for detecting
whether or not occurs, the vehicle position sensor for detecting the current position of the vehicle, the driver of
the vehicle to enter their wounded a vehicle accident notification apparatus comprising an input device and a
communication device is a traffic control center, the system including emergency facilities, including police and
fire departments have been studied.

[0004] In addition, to carry a vehicle accident automatic reporting device in the vehicle, it has been devised
system to report the accident. Examples of this include Hei 8-30885 JP.

[0005] Acceleration detection means According to this method, mounted to the vehicle can be carried out easily
because it constitutes a discrimination means and transmitting means in one unit. Also, Kashidase at the inlet of
the highway can be mounted to all vehicles, emergency report to the police or the like even when an accident
occurs, reporting to a subsequent vehicle is substantially simultaneously possible with the accident.

[0006] The present invention is, however, if you are installing a sensor in the vehicle as described above, it is
necessary to mounting at the manufacturing stage, and increase the burden on the vehicle manufacturer, in the
attachment to an existing vehicle users burden on the cost side of the increases. Also even if the driver of the
vehicle to enter their wounded, depending on the degree, there is a problem that often is not possible input and
device by accident which may cause malfunctioning.

[0007] Case of mobile-vehicle accident automatic reporting device is that it may device by accident can not
report a failure, the burden on the user is increased, when lending is that she can limit the quantity, re-establish
and operational aspects such as how to use is there are many problems to be solved.

[0008] The present invention, such to solve the various problems, police the occurrence of a vehicle accident on
the road weather, time, regardless of the field of view of the quality, also instantly without waiting for the report
of the accident parties and witnesses and at the same time report to the fire station or the like, and aims to
prevent the occurrence of secondary disasters by issuing a warning to following vehicles.

[0009] The above-mentioned problems, according to means to solve the problem] is solved by the device
configuration, such as the following.

[0010] (1) was placed in a position that does not interfere with vehicle traffic in the road upper or the like, a
sonic transducer for transmitting or reception waves in the air, sonic wave transceiver at a position that does not
interfere with the passage of vehicles on the road upward like vessels facing to be installed, a reflector for
reflecting the sound waves emitted from the ultrasonic transducer transmits a transmit signal into sound waves
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transducer and recorded by the reception processing the reflected sound wave from the reflecting device, It is
solved by configuring by the controller to notify the traffic control center or the like.

[0011] (2) it was placed in a position that does not interfere with vehicle traffic in the road upper or the like, a
sonic transducer for transmitting or reception waves in the air, sonic wave transceiver at a position that does not
interfere with the passage of vehicles on the road upward like vessels facing to be installed, a reflector for
reflecting the sound waves emitted from the ultrasonic transducer transmits a transmit signal into sound waves
transducer and recorded by the reception processing the reflected sound wave from the reflecting device, a
control device for Problem rapid manner and automatically to a traffic control center or the like, are solved by
constructing in an information display device to inform the road condition to the vehicle.

[0012] (3) was placed in a position that does not interfere with vehicle traffic in the road upper, a sonic wave
transmitter for transmitting a sound wave into the air, and a transmission control unit for transmitting a transmit
signal to the sonic wave transmitter, ultrasonic wave transmission vessels facing to be installed, and ultrasonic
wave receiver for reception of sound waves emitted from the ultrasonic wave transmitter, and recorded by
processing the received signals of the sonic receivers, rapid manner and the traffic control center or the like a
reception control device that automatically notify, is solved by configuring in an information display device for
displaying the road conditions detected by the control device.

[0013] (4) (1) and ultrasonic transducer (2), for example using an electro-acoustic transducer of a piezoelectric
ceramic or the like, a slightly different two kinds of waves of frequency transmission and reception waves, the
source lower than the frequency and it is solved by a sound wave transducer using a parametric array to generate
a narrow sound wave of the beam width.

[0014] (5) sonic wave transmitter and ultrasonic wave receiver (3) it is solved by using a parametric array in at
least one.

[0015] (6) (1), (2) and the control apparatus and the reception control unit (3) is, (4) and (5) vehicle collision
noise acoustic signal by performing frequency analysis with reception by parametric array of explosion
detecting an abnormality such as an accident by by detecting the sound and the wheels of the creaking sound
such as a vehicle accident such as road traffic on the unusual waves characteristic frequency spectrum pattern
of, rapid manner and automatically to the recording and the traffic control center or the like report, be resolved
by causing the attention displayed in the following vehicle in the information display device.

[0016] (7) After the controller is limited to the frequency band of the road traffic on abnormal waves generated
in a vehicle accident or the like by one or more band-pass filters the reception acoustic signal (6), previously
registered abnormal detecting an abnormality such as an accident by comparing the signal waveform of sound, it
is resolved by the recording and transportation quick manner or Tsujido to Problem to the control center or the
like, be the attention displayed in the subsequent vehicle on the information display device .

[0017] (8) (7) the controller will record and store the frequency pattern of the received wave an acoustic signal
in, by utilizing the data, it is solved by allowing a more accurate abnormality detection.

[0018] It is described below with reference to FIG the embodiment of the embodiment of the present invention.

[0019] FIG. 1 is an embodiment of the present invention. 1 parametric transducer, 2 control unit for the
processing of generation and received signal of the transmit signal, 3 reflector for reflecting the sound waves
transmitted from a parametric transducer 1, 4a and 4b the road traveling vehicle, the transmitting sound wave
propagation path of parametric transducer 1 5, 6 is the sound generated when the vehicle 4a and 4b has collided.
7a and 7b, the traffic control center, an emergency contact facilities such as police stations.

[0020] Here, a brief description of the principle for parametric wave transmitter-receivers. In general, when the
radiation at the same time in the same direction the finite amplitude waves with different frequencies of the two,
not only the harmonic components of each, born difference tone, chord, etc. a lot of frequency components by
non-linear interaction, for example, of two If the frequency is f1, £2, f1,2f1, ---, £2,2f2, -+, component is of
course that, f1-f2, f1 + £2,2f1-f2, ---, many of the components of the resulting it, acoustic characteristics of the
difference tone of f1-f2 of these components are known to be extremely excellent. A transducer to take
advantage of this difference tone say parametric array. The feature of this sound source is, (1) or sharp
directivity And Vice pole does not exist, even if very small, even, (2) small size and light weight of the wave
transmitter since the directivity is not related to the size of the wave transmitter possible reduction, (3) the
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difference tone will have a wide-band frequency characteristics. (4) directivity is approximately constant over a
wide frequency band, (5) from the difference tone is very low than the source frequency, the difference tone
even with a small sound pressure in the vicinity of the wave transmitter is propagated to distant , and the like.
The principle diagram shown in FIG. 2 (a). 8 power amplifier, 9 wave transmitter, is 10, which is a transmit
beam pattern.

[0021] Referring to the parametric wave receiver, as shown in FIG. 2 (b), the sound waves radiated from the
wave transmitter fp, and extraneous signals from the surrounding fs. 11 wave transmitter, 12 receivers, 13
filters, 14 is a receiving beam pattern. When in the area of large finite amplitude of the amplitude of the sound
waves of fp, difference tone and the frequency fp-fs, chord of fp + fs appears. Difference tone and chords from
it, including the information of the signal wave, excellent difference tone even without receiving a signal wave
was set to face the wave transmitter, for the signal wave if Hodokose an appropriate process received a chord of
directivity the wave receiver can be.

[0022] Are generally acoustic wave (vibration), if the physical dimensions of the sonic wave transmitter is the
same, the directivity higher frequency is shorter propagation distance narrows, the propagation distance
frequency is low is but wider directivity long and will. To narrow the directivity in the low frequency becomes
physical dimension is a big thing.

[0023] In the case of the present system, in view of the device installation to the road above or near, the physical
dimensions are not should be small, to lengthen the sound wave propagation distance in order to widen as much
as possible the distance of the reflecting device and ultrasonic transducer so that the inconsistency to say there
must be caused. As in parametric transducer in order to solve this problem, physical dimensions of the
transducer be small, can generate a lower frequency by the difference tone, it is necessary to transducer capable
of narrow directivity.

[0024] Now, the operation of FIG 1, to produce a slightly different frequencies fl and f2 by a control device 2
installed in a position that does not interfere with vehicle traffic on the road above, likewise the parametric
transducer 1 installed in a road upward electro-acoustic transducer and to transmit in the air. Transmitting sound
waves will follow the propagation path 5, also similarly reach the propagation path 5 is reflected by the
parametric transducer 1 and the opposing reflecting device 3 was placed on the road upward traced back to the
parametric transducer 1 to. Almost ignored because waves of frequencies fl and 2 that has been transmitting
from parametric transducer 1, but to form a sum frequency f1 + f2 and the difference frequency f1-f2, sum
frequency f1 + f2 is subjected to greater absorption frequencies f1 and f2 it can. During this difference
frequency f1-f2 is a round trip propagation paths 5, the vehicle 4b has collided with the vehicle 4a. At this time,
non-linear wave 6 is propagated in the air due to the abnormal sound f3 generation, interfere with the sound
waves propagation difference frequency that route is 5 propagates through the f1-f2 is allowed to modulation,
parametric transducer 1 this becomes a reflected sound wave It is reception at. Modulated difference frequency
sound waves, (f1-f2) -f3 waves, (f1-f2) + 3 is reception in parametric transducer 1 as a sound wave, receiving
the processed frequency spectral pattern analysis in the control unit 2, abnormal sound data detecting a
comparison is abnormal occurrence and, is notified rapid manner and automatically to the emergency contact
facilities such as traffic control center or police station and fire station at the same time when it is recorded on
the recording device in the control device 2. The information is notified, because it contains the absolute
position information of the accident point was calculated from the difference frequency wave, it is possible to
accurately provide information to the police and fire the like.

[0025] As a method for detecting an abnormality on the road, a method may be considered to be side-by-side
microphone on the road side, in this case, there is a problem in that a very large number of the microphone must
be installed expensive. In apparatus of this point the present invention, there is no need to arrange a large
number of microphones, and because it can be installed into road upward, the influence of the weather, for
example, buried by snow, without being affected etc., also utilize sonic It has a very good point that it is
possible to quickly specific and automatic report regardless of the quality and time of sight since.

[0026] 3, in the road with bad visibility, such as curves, an example in which using the information display
device 15. 4¢ is a subsequent vehicle.

[0027] As indicated above Embodiment FIG 1, to produce a slightly different frequencies f1 and {2 by a control
device 2 installed in a position that does not interfere with vehicle traffic on the road above, also electricity
through parametric transducer 1 installed in a road upward to transmit in the air and acoustic conversion.
Transmitting sound waves will follow the propagation path 5, also similarly reach the propagation path 5 is
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reflected by the parametric transducer 1 and the opposing reflecting device 3 was placed on the road upward
traced back to the parametric transducer 1 to. Almost ignored because waves of frequencies fl and 2 that has
been transmitting from parametric transducer 1, but to form a sum frequency f1 + f2 and the difference
frequency f1-f2, sum frequency f1 + f2 is subjected to greater absorption frequencies f1 and f2 it can. During
this difference frequency f1-f2 is a round trip propagation paths 5, the vehicle 4b has collided with the vehicle
4a. At this time, non-linear wave 6 is propagated in the air due to the abnormal sound f3 generation, interfere
with the sound waves propagation difference frequency that route is 5 propagates through the f1-f2 is allowed to
modulation, parametric transducer 1 this becomes a reflected sound wave It is reception at. Modulated
difference frequency sound waves, (f1-f2) -f3 waves, (f1-f2) + f3 is reception in parametric transducer 1 as a
sound wave, receiving the processed frequency spectral pattern analysis in the control unit 2, abnormal sound
data detecting a comparison is abnormal occurrence and, is notified rapid manner and automatically to the
emergency contact facilities such as traffic control center or police station and fire station at the same time when
it is recorded on the recording device in the control device 2. The information is notified, because it contains the
absolute position information of the accident point was calculated from the difference frequency wave, it is
possible to accurately provide information to the police and fire the like. In the case of this example, to display
that the information display device 15 is abnormal such as an accident at the front, with respect to the
subsequent vehicle 4c thereafter, 4a attention, to prevent secondary disasters such as rear-end to 4b it is possible.
The information display device, to may be an existing display device and Heiyoko death hand, may be a red
warning light is illuminated. Cost savings of the new production and installation of this case information display
device are possible.

[0028] Figure 4 is an example of dividing the parametric transducer 1 to the wave transmitter and wave receiver.
16 transmission control device, 17 parametric wave transmitter, 18 parametric receivers, 19 receiving control
device, 20 is a propagation path.

[0029] As examples of FIG 3, to produce a slightly different frequencies f1 and f2 in the transmission control
apparatus 16 which is installed at a position that does not interfere with vehicle traffic on the road above,
likewise the parametric wave transmitter 17 installed in the road upward electro-acoustic transducer and to
transmit in the air. Transmitting sound waves follows a propagation path 20, and is received at the parametric
wave receiver 18 also installed to face the parametric wave transmitter 17 on the road above. Difference
frequency that is received at the parametric receivers 18 are receiving process by the reception control unit 19.
Almost ignored because waves of frequencies f1 and £2, which is transmitting from the parametric wave
transmitter 17 is to form the sum frequency f1 + £2 and the difference frequency f1-f2, sum frequency f1 + f2 is
subjected to greater absorption frequencies f1 and f2 it can. During this difference frequency f1-f2 is
propagating in the propagation path 20, the vehicle 4b has collided with the vehicle 4a. At this time, non-linear
wave 6 is propagated in the air due to the abnormal sound 3 generation, interfere with the sound waves
propagation difference frequency of the route 20 propagating f1-f2 is allowed to modulation, parametric
receivers this becomes a modulation difference frequency 18 is reception at. Modulated difference frequency
sound waves, (f1-f2) -f3 waves, (f1-f2) + f3 waves are received wave in parametric wave receiver 18 as,
receiving the processed frequency spectral pattern analysis in the receiving control unit 19, abnormal sound
detecting a comparison is abnormal occurrence and data, it is notified rapid manner and automatically to the
emergency contact facilities such as traffic control center or police station and fire station at the same time when
it is recorded in a recording device of the receiving control device 19. The information is notified, because it
contains the absolute position information of the accident point was calculated from the difference frequency
wave, it is possible to accurately provide information to the police and fire the like. Also in the same manner as
in the case Figure 3 of the present example, to display that the information display device 15 is abnormal such as
an accident at the front, with respect to the subsequent vehicle 4c¢ thereafter, 4a attention, such as the rear-end
collision to 4b two it is possible to prevent the following accident. In the present embodiment, it becomes
possible to reduce the size and weight than the further above embodiment separates the transmitting system and
the reception system. Display instruction and control information to the information display device 15, may be
any from the traffic control center or the like, can also be adapted to the instructions and control of the reception
control unit 19.

[0030] Each control device in the apparatus of the present invention, since none of the wave transmitter-
receivers can be very compact and lightweight, even if a sufficient installation space on the road side can not be
secured, the road above, the sky of the vehicle while driving there is no what problems such as so can be
installed in.

[0031] In either embodiment described above, by making it possible to arbitrarily change the transmit frequency
can be the optimum setting corresponding to the changing conditions in the environment, and changing the
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frequency bandwidth free since it is, it is possible to provide a degree of freedom in such detection condition
setting detects that and wide range to limit the abnormal sound to be detected at a time.

[0032] As shown in FIG. 5, when the waves generated on the road to frequency analysis, usually running sound,
squeak the collision sound and the wheel has a respective different characteristic frequency spectrum pattern.
This to detect abnormal sounds from various sound wave on the road by focusing, through a sound wave
received at the parametric wave receiver to the bandpass filter, the frequency spectrum pattern such as collision
sound that has been previously registered constitute the reception control device to detect compared to the.

[0033] Further, the characteristic frequency spectrum pattern obtained from the reception wave, the detection
accuracy at the time of next compare detected by to perform the recording data storage in a recording device, to
the diversification of the abnormality judgment reference corresponding can allow device configurations.

[0034] As described above, according to the present invention, according to the present invention, the
occurrence of the vehicle accident on the road weather, time, irrespective of the field of view of quality, and
without waiting for the notification of an accident parties and witnesses instant and at the same time to report to
the police and fire department, etc., there is an effect to prevent the occurrence of secondary disasters by issuing
a warning to the following vehicle.

[0035] Brief description of the drawings

[0036] One embodiment in FIG present invention.

[0037] Figure 2 parametric wave transmitter. Explanatory view of the principle of receivers.

[0038] One embodiment shown in FIG. 3 the present invention.

[0039] One embodiment shown in FIG. 4 the present invention.

[0040] The example of FIG. 5 frequency spectrum pattern.

[0041] Description of the code

[0042] 1 ... parametric transducer 2 ... control device 3 ... reflecting device 4a, 4b, 4¢c -+ vehicle 5 ... transmit
sound waves round-trip propagation path 6 ... vehicle collision at the time of the generated sound 7a, 7b -
emergency contact facility 8 ... power amplifier 9 ... wave transmitter 10 ... transmission beam pattern 11 ...
wave transmitter 12 ... wave-receiver 13 ... filter 14, ... reception beam pattern 15 ... information display device
16 ... transmission control device 17 ... parametric wave transmitter 18 ... parametric receivers 19 ... reception
control device 20 ... transmitting sound waves frequency spectrum pattern of the propagation path 21 ... usually

frequency spectrum pattern of the frequency spectrum pattern 22 ... collision sound of running sound 23 ... the
wheels squeak
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JPH10162283A ROAD CONDITION MONITORING DEVICE
Data originating from sources other than the EPO may not be accurate, complete, or up to date.

The wording below is an initial machine translation of the original publication. To generate a version using the
latest translation technology, go to the original language text and use Patent Translate.

1. Detects an abnormal sound due to vehicles traveling on a road, in an apparatus for monitoring abnormality on
the road, such as a vehicle accident, was placed in a position that does not interfere with vehicle traffic in the
road upward like, transmitting or sound waves in air a sonic transducer which received wave, at a position that
does not interfere with the passage of vehicles on the road upward like disposed opposite to the said ultrasonic
transducer, a reflector for reflecting the sound waves emitted from the ultrasonic transducer, It sends a transmit
signal to the ultrasonic transducer, and recorded receives and processes the reflected sound wave from the
reflecting device, consists of a control unit to report to the traffic control center or the like, was transmitted from
the ultrasonic transducer traffic control center when whether interfering with the abnormal sound waves
generated by the vehicle accidents are receiving the modulated reception processing in the control unit, detects
an abnormality while the sound wave comes back after being reflected in the reflecting device road conditions
monitoring device is characterized in that report to equal.

2. Detects an abnormal sound due to vehicles traveling on a road, in an apparatus for monitoring abnormality on
the road, such as a vehicle accident, was placed in a position that does not interfere with vehicle traffic in the
road upward like, transmitting or sound waves in air a sonic transducer which received wave, at a position that
does not interfere with the passage of vehicles on the road upward like disposed opposite to the said ultrasonic
transducer, a reflector for reflecting the sound waves emitted from the ultrasonic transducer, It sends a transmit
signal to the ultrasonic transducer, from recorded receives and processes the reflected sound wave from the
reflecting device, and a control device to report to the traffic control center or the like, and the information
display device to inform the road conditions in the vehicle becomes, the reception processing whether sound
waves transmitted from the ultrasonic transducer is undergoing modulation interferes with abnormal waves
generated by the vehicle accident while coming back after being reflected in the reflecting device in the control
device and, when detecting abnormality when Problem to traffic control center or the like at the same time, the
information display device to the road condition monitoring apparatus characterized thereby alert display on
subsequent vehicles.

3. Waves road to detect the abnormal sound by the vehicle while driving, in an apparatus for monitoring the
abnormality on the road, such as a vehicle accident, which was placed in a position that does not interfere with
the vehicle of the traffic on the road above, to transmit sound waves in the air a wave transmitter, a transmission
control unit for transmitting a transmit signal to the sonic wave transmitter, and disposed to face the said
ultrasonic wave transmitter, sound waves received for reception of sound waves emitted from the ultrasonic
wave transmitter a duplexer, and recorded by processing the reception signal of the ultrasonic wave receiver,
consists of a receiving control device to notify the traffic control center or the like, an information display
device for displaying the road conditions detected by the control device, the sound waves transmitted from the
ultrasonic wave transmitter during the reception in the ultrasonic wave receiver, whether interfering with the
abnormal sound waves generated by the vehicle accidents are receiving the modulated reception processing in
the control unit, At the same time when detecting an abnormality is reported to the traffic control center or the
like, road condition monitoring apparatus characterized thereby alert display subsequent vehicle to the
information display device.

4. The acoustic wave transducer according to claim 1 or claim 2, for example using an electro-acoustic
transducer of a piezoelectric ceramic or the like, a slightly different two kinds of waves of frequency
transmission and reception waves, the source lower than the frequency and beam road condition monitoring
apparatus characterized by using a parametric array for generating a narrow wave width.

5. Device according to claim 3, wherein the ultrasonic wave transmitter and ultrasonic wave receiver is traffic
condition monitoring apparatus at least one is characterized by using a parametric array according to claim 4.

6. Claim 1, Claim 2, in any one of claims 3, wherein the control device and the reception control device, the
vehicle collision by the frequency analyzing acoustic signals received wave by claim 4 and claim 5 parametric
array according sound, detecting an abnormality such as an accident by by detecting the characteristic frequency
spectrum pattern to road traffic on the abnormal waves such as a vehicle accident of creaking sound, etc. of
explosion sound and the wheels, report to the recording and the traffic control center or the like, road conditions
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monitoring device is characterized in that the information display device to the attention displayed in the
subsequent vehicle.

7. Inclaim 6, the control device after limiting the frequency band of the road traffic on abnormal waves
generated in a vehicle accident or the like by one or more band-pass filter a receive acoustic signals, the
abnormal sound is registered in advance detecting an abnormality of an accident such as by comparing the
signal waveform, recording and traffic control Problem to center or the like, the information display device to
the road condition monitoring apparatus characterized in that to the attention displayed on subsequent vehicles.

8. Method according to claim 7, the control unit will record and store the frequency pattern of the received
wave an acoustic signal, by utilizing the data, road condition monitoring apparatus which is characterized in that
to enable more accurate abnormality detection.
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A BINAURAL HEARING AID SYSTEM WITH
COORDINATED SOUND PROCESSING

FIELD OF THE INVENTION

The present invention relates to a binaural hearing aid system with a first hearing aid and a
second hearing aid, each of which comprises a microphone, an A/D converter for provision
of a digital input signal in response to sound signals received at the respective microphone
in a sound environment, a processor that is adapted to process the digital input signails in
accordance with a predetermined signal processing algorithm to generate a processed
output signal, and a D/A converter and an output transducer for conversion of the

respective processed sound signal to an acoustic output signal.
BACKGROUND OF THE INVENTION

Today’s conventional hearing aids typically comprise a Digital Signal Processor (DSP) for
processing of sound received by the hearing aid for compensation of the user’s hearing
loss. As is well known in the art, the processing of the DSP is controlled by a signal
processing algorithm having various parameters for adjustiment of the actual signal
processing performed. The gains in each of the frequency channels of a multi-channel
hearing aid are examples of such parameters.

The flexibility of the DSP is often utilized to provide a plurality of different algorithms and/or
a plurality of sets of parameters of a specific algorithm. For example, various algorithms
may be provided for noise suppression, i.e. attenuation of undesired signals and
amplification of desired signals. Desired signals are usually speech or music, and
undesired signals can be background speech, restaurant clatter, music (when speech is

the desired signal), traffic noise, etc.

The different algorithms or parameter sets are typically included to provide comfortable and
intelligible reproduced sound quality in different sound environments, such as speech,
babble speech, restaurant clatter, music, traffic noise, etc. Audio signals obtained from
different sound environments may possess very different characteristics, e.g. average and
maximum sound pressure levels (SPLs) and/or frequency content. Therefore, in a hearing
aid with a DSP, each type of sound environment may be associated with a particular
program wherein a particular setting of algorithm parameters of a signal processing
algorithm provides processed sound of optimum signal quality in a specific sound
environment. A set of such parameters may typically include parameters related to
broadband gain, corner frequencies or slopes of frequency-selective filter algorithms and
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parameters controlling e.g. knee-points and compression ratios of Automatic Gain Control
(AGC) algorithms.

Consequently, today’s DSP based hearing instruments are usually provided with a number
of different programs, each program tailored to a particular sound environment category
and/or particular user preferences. Signal processing characteristics of each of these
programs is typically determined during an initial fitting session in a dispenser’s office and
programmed into the instrument by activating corresponding algorithms and algorithm
parameters in a non-volatile memory area of the hearing aid and/or transmitting

corresponding algorithms and algorithm parameters to the non-volatile memory area.

Some known hearing aids are capable of automatically classifying the user’s sound
environment into one of a number of relevant or typical everyday sound environment

categories, such as speech, babble speech, restaurant clatter, music, traffic noise, etc.

Obtained classification results may be utilised in the hearing aid to automatically select
signal processing characteristics of the hearing aid, e.g. to automatically switch to the most
suitable algorithm for the environment in question. Such a hearing aid will be able to
maintain optimum sound quality and/or speech intelligibility for the individual hearing aid
user in various sound environments.

US 5,687,241 discloses a multi-channel DSP based hearing instrument that utilises
continuous determination or calculation of one or several percentile values of input signal
amplitude distributions to discriminate between speech and noise input signals. Gain
values in each of a number of frequency channels are adjusted in response to detected

levels of speech and noise.

However, it is often desirable to provide a more subtle characterization of a sound
environment than only discriminating between speech and noise. As an example, it may be
desirable to switch between an omni-directional and a directional microphone preset
program in dependence of, not just the level of background noise, but also on further signal
characteristics of this background noise. In situations where the user of the hearing aid
communicates with another individual in the presence of the background noise, it would be
beneficial to be able to identify and classify the type of background noise. Omni-directional
operation could be selected in the event that the noise being traffic noise to allow the user
to clearly hear approaching traffic independent of its direction of arrival. If, on the other
hand, the background noise was classified as being babble-noise, the directional listening
program could be selected to allow the user to hear a target speech signal with improved

signal-to-noise ratio (SNR) during a conversation.
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Applying Hidden Markov Models for analysis and classification of the microphone signal
may obtain a detailed characterisation of e.g. a microphone signal. Hidden Markov Models
are capable of modelling stochastic and non-stationary signals in terms of both short and
long time temporal variations. Hidden Markov Models have been applied in speech
recognition as a tool for modelling statistical properties of speech signals. The article “A
Tutorial on Hidden Markov Models and Selected Applications in Speech Recognition”,
published in Proceedings of the IEEE, VOL 77, No. 2, February 1989 contains a
comprehensive description of the application of Hidden Markov Models to problems in

speech recognition.

WO 01/76321 discloses a hearing aid that provides automatic identification or classification
of a sound environment by applying one or several predetermined Hidden Markov Models
to process acoustic signals obtained from the listening environment. The hearing aid may
utilise determined classification results to control parameter values of a signal processing
algorithm or to control switching between different algorithms so as to optimally adapt the

signal processing of the hearing aid to a given sound environment.

The different available signal processing algorithms may change the signal characteristics
significantly. In binaural hearing aid systems, it is therefore important that the determination
of sound environment does not differ for the two hearing aids. However, since sound
characteristics may differ significantly at the two ears of a user, it will often occur that sound
environment determination at the two ears of a user differs, and this leads to undesired
different signal processing of sounds for each of the ears of the user.

SUMMARY OF THE INVENTION

Thus, there is a need for a binaural hearing aid system wherein sound environment
determination does not differ for the two hearing aids so that signal processing in the two
hearing aids may be coordinated and the user be provided with desired processed sound in

both ears at the same time.

According to the present invention, this and other objects are solved by provision of a
binaural hearing aid system of the above-mentioned type wherein the hearing aids are
connected either by wire or by a wireless link to at least one binaural sound environment
detector for binaural determination of the sound environment surrounding a user of the
binaural hearing aid system based on at least one signal from the first hearing aid and at
least one signal from the second hearing aid whereby the sound environment is determined
and classified based on binaural signals. The one or more binaural sound environment

detectors provide outputs for each of the first and second hearing aids for selection of the
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signal processing algorithm of each of the hearing aid processors so that the hearing aids

of the binaural hearing aid system perform coordinated sound processing.

In this way both hearing aids may process sound in response to a common determination
of sound environment. Sound environment determination may be performed by one
common environment detector, for example situated in one of the hearing aids or in a
remote control, or, by a plurality of environment detectors, such as an environment detector

in each of the first and second hearing aids.

In the event that the user has substantially the same hearing loss in both ears and the
sound environment is omni-directional, i.e. the sound environment does not change with
direction, coordination of sound processing in the hearing aids leads to execution of
identical signal processing algorithms in the respective signal processors of the hearing
aids. In the event that the hearing aid user suffers from a binaural hearing loss, the signal
processing algorithms may desirably differ for compensation of the different binaural

hearing losses.

It is an important advantage of the present invention that binaural sound environment
detection is more accurate than monaural detection since signals from both ears are taken

into account.

It is a further advantage of the present invention that signal processing in the hearing aids
of the binaural hearing aid system is coordinated since the sound environment detection is

the same for both hearing aids.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention reference will now be made, by way of

example, to the accompanying drawings, in which:

Fig. 1 illustrates schematically a prior art monaural hearing aid with sound environment

classification,
Fig. 2 illustrates schematically a first embodiment of the present invention,
Fig. 3 illustrates schematically a second embodiment of the present invention,
Fig. 4 illustrates schematically a third embodiment of the present invention, and

Fig. 5 illustrates schematically a fourth embodiment of the present invention.
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fig. 1 illustrates schematically a prior art monaural hearing aid 10 with sound environment

classification.

The monaural hearing aid 10 comprises a first microphone 12 and a first A/D converter (not
shown) for provision of a digital input signal 14 in response to sound signals received at the
microphone 12 in a sound environment, and a second microphone 16 and a second A/D
converter (not shown) for provision of a digital input signal 18 in response to sound signals
received at the microphone 16, a processor 20 that is adapted to process the digital input
signals 14, 18 in accordance with a predetermined signal processing algorithm to generate
a processed output signal 22, and a D/A converter (not shown) and an output transducer
24 for conversion of the respective processed sound signal 22 to an acoustic output signal.

The hearing aid 10 further comprises a sound environment detector 26 for determination of
the sound environment surrounding a user of the hearing aid 10. The determination is
based on the output signals of the microphones 12, 16. Based on the determination, the
sound environment detector 26 provides outputs 28 to the hearing aid processor 20 for
selection of the signal processing algorithm appropriate in the determined sound
environment. Thus, the hearing aid processor 20 is automatically switched to the most
suitable algorithm for the determined environment whereby optimum sound quality and/or
speech intelligibility is maintained in various sound environments.

The signal processing algorithms of the processor 20 may perform various forms of noise
reduction and dynamic range compression as well as a range of other signal processing

tasks.

The sound environment detector 26 comprises a feature extractor 30 for determination of
characteristic parameters of the received sound signals. The feature extractor 30 maps the
unprocessed sound inputs 14, 18 sound features, i.e. the characteristic parameters. These

features can be signal power, spectral data and other well-known features.

The sound environment detector 26 further comprises an environment classifier 32 for
categorizing the sound environment based on the determined characteristic parameters.
The environment classifier categorizes the sounds into a number of environmental classes,
such as speech, babble speech, restaurant clatter, music, traffic noise, etc. The
classification process may consist of a simple nearest neighbour search, a neural network,
a Hidden Markov Model system or another system capable of pattern recognition. The

output of the environmental classification can be a “hard” classification containing one
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single environmental class or a set of probabilities indicating the probabilities of the sound

belonging to the respective classes. Other outputs may also be applicable.

The sound environment detector 26 further comprises a parameter map 34 for the

provision of outputs 28 for selection of the signal processing algorithms.

The parameter map 34 maps the output of the environment classification 32 to a set of
parameters for the hearing aid sound processor 20. Examples of such parameters are
amount of noise reduction, amount of gain and amount of HF gain. Other parameters may

be included.

Figs. 2-5 illustrate various preferred embodiments of the present invention. The illustrated
binaural hearing aid system 1 comprises a first hearing aid 10 and a second hearing aid
10", each of which comprises a first microphone 12, 12 ‘ and an A/D converter (not shown)
and a second microphone 16, 16’ and A/D converter (not shown) for provision of a digital
input signals 14, 14’, 18, 18’ in response to sound signals received at the respective
microphones 12, 12’, 16, 16’ in a sound environment, a processor 20, 20’ that is adapted to
process the digital input signals 14, 18, 14’, 18’ in accordance with a predetermined signal
processing algorithm to generate a processed output signal 22, 22, and a D/A converter
(not shown) and an output transducer 24, 24’ for conversion of the respective processed

sound signals 22, 22’ to an acoustic output signal

In the embodiments illustrated in Figs. 2-4, each of the hearing aids 10, 10’ of the binaural
hearing aid system 1 further comprises a binaural sound environment detector 26, 26’ for
determination of the sound environment surrounding a user of the binaural hearing aid
system 1. The determination is based on the output signals of the microphones 12, 12', 16,
16'. Based on the determination, the binaural sound environment detector 26, 26’ provides
outputs 28, 28’ to the hearing aid processors 20, 20' for selection of the signal processing
algorithm appropriate in the determined sound environment. Thus, the binaural sound
environment detectors 26, 26’ determines the sound environment based on signals from
both hearing aids, i.e. binaurally, whereby hearing aid processors 20, 20’ is automatically
switched in co-ordination to the most suitable algorithm for the determined environment
whereby optimum sound quality and/or speech intelligibility is maintained in various sound
environments by the binaural hearing aid system 1.

The binaural sound environment detectors 26, 26’ illustrated in Figs. 2-4 are both similar to
the binaural sound environment detector shown in Fig. 1 apart from the fact that the
monaural environment detector only receives inputs from one hearing aid while each of the

binaural sound environment detectors 26, 26’ receives inputs from both hearing aids. Thus,
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according to the present invention, signals are transmitted between the hearing aids 10, 10’
so that the algorithms executed by the signal processors 20, 20’ are selected in co-
ordination, e.g. in case of an omni-directional sound environment, i.e. the sound
environment does not change with direction, the algorithms are selected to be identical

apart from possible differences in hearing loss compensation of the two ears.

In the embodiment of Fig. 2, the unprocessed signals 14, 14’, 18, 18’ from the microphones
12, 12', 16, 16’ of one hearing aid 10, 10’ are transmitted to the other hearing aid and
inputted to the respective feature extractor 30, 30". Thus, feature extraction in each of the
hearing aids is based on the identical four input signals so that identical sound environment

characteristic parameters will be determined binaurally in both hearing aids 10, 10".

The signals may be transmitted in analogue form or in digital form, and the communication

channel may be wired or wireless.

In the embodiment shown in Fig. 3, the output 36, 36’ of the feature extractor 30, 30’ of one
hearing aid 10, 10’ is transmitted to the respective other hearing aid 10°, 10. The
environment classifier 32, 32’ then operates on two sets of features 36, 36’ to determine
the environment. Since both environment classifiers 32, 32’ receive the same data, they will

produce the same output.

In the embodiment shown in Fig. 4, the output 38, 38’ of the environment classifier 32, 32’
of one hearing aid 10, 10’ is transmitted to the respective other hearing aid 10, 10’. The

parameter map 34, 34’ then operates on two inputs 38, 38’ to produce the parameters for
the processor algorithms, but since both parameter mapping units 34, 34’ receive identical

inputs, identical parameter values will be produced.

This embodiment has a number of advantages: Usually classification systems take both
past and present data into account — they have memory. This makes them sensitive to
missing data, since a classification requires a complete data set. Therefore it is required
that the data link is safe, in the sense that data is guaranteed to be transmitted. The
parameter mapping can be implemented without memory so that only present data is taken
into account when generating parameters. This makes the system robust to packet loss
and latency, since the parameter mapping may simply re-use old data in the event that
data is missing. This will of course delay the correct action, but to the user the systems will

appear to be synchronized.

The transmission data rate is low, since only a set of probabilities or logic values for the

environment classes has to be transmitted.
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Rather high latency can be accepted. By applying time constants to the variables that will
change according to the output of the parameter mapping it is possible to smooth out any
differences that is caused by latency. As described earlier it is important that signal
processing in the two hearing instruments is coordinated. However if transition periods of a
5 few seconds are allowed the system can operate with only 3-4 transmissions per second.

Hereby, power consumption is kept low.

A binaural hearing aid system 1 with a remote control 40 is shown in Fig. 5. The
environment detector 26 is positioned in the remote control 40. The required signals are

transmitted to and from both hearing aids.

10

Exhibit 1004
Page 0783 of 1251



10

15

20

25

30

WO 2004/114722 PCT/DK2004/000442

-9O-

CLAIMS
1. A binaural hearing aid system comprising
a first hearing aid and a second hearing aid, each of which comprises

a microphone and an A/D converter for provision of a digital input signal in
response to sound signals received at the respective microphone in a sound

environment,

a processor that is adapted to process the digital input signals in accordance
with a predetermined signal processing algorithm to generate a processed

output signal, and

a D/A converter and an output transducer for conversion of the respective

processed sound signal to an acoustic output signal, and

a binaural sound environment detector for binaural determination of the sound environment
surrounding a user of the binaural hearing aid system based on at least one signal from the
first hearing aid and at least one signal from the second hearing aid for provision of outputs
for each of the first and second hearing aids for selection of the signal processing algorithm
of each of the respective hearing aid processors so that the hearing aids of the binaural
hearing aid system perform coordinated sound processing.

2. A system according to claim 1, wherein the binaural sound environment detector having

inputs for each of the digital input signals is provided in a remote control of the system.

3. A system according to claim 1, wherein the binaural sound environment detector is

provided in one of the hearing aids and provides an output for the other hearing aid.

4. A system according to claim 1, wherein each of the hearing aids comprises a binaural

sound environment detector.

5. A system according to any of the preceding claims, wherein the binaural sound

environment detector comprises

a feature extractor for determination of characteristic parameters of the received sound
signals,
an environment classifier for categorizing the sound environment based on the determined

characteristic parameters, and

a parameter map for the provision of outputs for selection of the signal processing
algorithms.
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6. A system according to claim 4 and 5, wherein each of the feature extractors has inputs
for each of the digital input signals.

7. A system according to claim 4 and 5, wherein each of the environment classifiers has

inputs connected to each of the feature extractors.

5 8. A system according to claim 4 and 5, wherein each of the parameter maps has inputs

for connected to each of the environment classifiers.
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Acoustically Transparent Occlusion Reduction System and Method

Field of Invention

The present invention relates to an improved occlusion reduction system for
applications such as hearing aids, personal sound devices, in ear monitors,
communications headsets and hearing protection devices.

Description of Background Art

An electro-acoustic negative feedback scheme was originally presented by H.F
Olson, in 1961 in U.S Patent No 2,983,790. A more comprehensive implementation was
latgr proposed by Bose et al, in 1982 in U.S Patent No 4,494,074 under the title
“Feedback Control”. Using headphones, Bose proposed the idea of an electro-acoustic
feedback in the proximity of the ear canal. The concept was later used by Langberg et al,
in 1988 in U.S. Patent No 4,985,925, describing a system functioning as a bilateral
transducer drive with a shunt feedback correction network. Later on in 1991, Langberg
et al, in U.S Patent No. 5,267,321 entitled “Active Sound Absorption” describes an
electro-acoustical feedback system, with the receiver acting as both a diaphragm actuator
and motion sensor. In 1996, U".S Patent No. 5,774,565 to Benning et al describes an
electro-acoustic feedback subsystem with oscillation prevention circuit in the forward
path of the loop. In 2002, U.S Patent Application No. 2003/0012391 A1 to Armstrong et
al, entitled “Digital Hearing Aids System” discloses a hearing aid including an occlusion
processing subsystem.

The occlusion effect is commonly described as a hollow or echoing like sound of a
person’s own voice. The occlusion effect results from acoustically sealing or partially
sealing the ear, or to a greater effect sealing or partially sealing the ear canal from the
external acoustic environment. As a result, the occlusion effect creates discomfort and/or

an unnatural sound sensation. This problem is commonly reported to clinicians in the
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hearing aid industry as it affects a large number of hearing aid wearers (those with mild
low-frequency hearing loss). Until now, there were at least two common schemes to
decrease the occlusion effect in hearing aids, either using a 4vent or by increasing the
insertion depth of the earmold into the ear canal. To restore naturalness of a hearing aid
wearer’s voice, vents of up to 3.5 mm in diameter may be employed. These vents need
to be sufficiently large so that the residual sound pressure in the canal due to the
occlusion effect is not significant. On the other hand, a sufficiently large vent limits the
hearing aid amplification due to oscillations created by positive feedback occurring
around the loop defined by an external microphone, amplifier, receiver, and path through
the vent back to the external microphone.

The soft tissue in the ear canal is excited by vibration energy propagated by the
skull and jaw due to the wearer’s voice and this results in an increased sound pressufe
within the occluded of partially occluded ear relative to an open ear. Another solution is
to insert the earmold further into the ear canal to fill the cartilaginous portion of the
canal and hence reduce the occlusion effect at its source. However there are a number of
practical problems relating to the deep insertion of an earmold, for instance physical
discomfort.

While some of the aforementioned patents include methods to alter the response of
the eleciro-acoustic feedback system, none of these patents incorporate methods to
compensate for the effect that response alteration within the feedback system has on
external signals such as from an external microphone or hearing aid processor. In
addition, the aforementioned patents do not provide a mechanism to prevent the receiver
from overloading by sensing the level of signal at the optimum point, being the input to

the receiver.
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Summary of Invention

It is an object of the present invention to provide an improved occlusion reduction
system for applications such as hearing aids, personal sound devices, in ear monitors,
communications headsets and hearing protection devices.

In accordance with a first aspect of the present invention, there is provided an
electro-acoustic system comprising of: an electro-acoustic circuit including a negative-
feedback loop comprising of: a microphone for generating an internal signal from an
acoustical signal located within or closely coupled to an occluded or partially occluded
ear; a second electronic circuit, (B) for modifying the internal signal to produce a
pfocessed internal signal; a combiner for combining the processed internal signal with a
processed external signal to produce a combined signal; a first electronic circuit (A), for
modifying the combined signal to produce an receiver signal; and a receiver for
generating an acoustical signal from the receiver signal at a location within or closely
coupled to the occluded or partially occluded ear; a third electronic circuit (C) for
modifying an external signal such as from an external microphone or hearing aid
processor to produce an external processed signal; a fourth electronic circuit (D), for
estimating the level of the receiver signal optimally from the receiver signal and
producing a control signal; wherein the processing performed by the second electronic
circuit (B) preferably is controlled by the control signal.

The negative-feedback loop preferably can include a filter that alters the open loop
response so that the real component of the response is large and negative at frequencies
where the occlusion effect can be typically the greatest. Consequently reducing all
signals introduced into the closed loop within this frequency range.

The third electronic circuit (C) preferably can include filtering that provides

compensation for the closed loop response of the negative-feedback loop.
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Optionally the filtering provided by the third electronic circuit (C) adapts to
compensate for changes in the closed response of the negative-feedback loop.

Optionally the control signal can control the response of the first electronic circuit
(A) while controlling the response of the third electronic circuit (C).

The microphone for generating the internal signal optionally can be coupled to the
occluded or partially occluded ear by a tube. The receiver optionally can be coupled to
the occluded or partially occluded ear by a tube. The microphone and receiver optionally
can be combined in a single unit or jointly coupled to the occluded or partially occluded
ear by a common tube. At least one of the electronic circuits can be implemented
digitally. At least one of the digital electronic circuits can performed signal processing at
a sampling rate at least four times that of the bandwidth of the signal.

In accordance with a further aspect of the present invention, there is provided an
electro-acoustic system including a negative-feedback loop comprising of: a
microphone for generating an internal signal from an acoustical signal located within or
closely coupled to an occluded or partially occluded ear; a sgcond electronic circuit (B)
for modifying the internal signal to produce a processed internal signal; a combiner for
combining the processed internal signal with a processed external signal to produce a
combined signal; a first electronic circuit (A) for modifying the combined signal to
produce a receiver signal; and a receiver for generating an acoustical signal from the
receiver signal at a location within or closely coupled to the occluded or partially
occluded ear; a third electronic circuit (C) for modifying an external signal such as from
external microphone to produce a processed external signal; a fourth electronic circuit
(D) for estimating the level of the receiver signal and producing a control signal from

this estimate; wherein the control signal controls the processing performed by the second

Page 0797 of 1251



WO 2006/037156 PCT/AU2005/001506

5

electronic circuit (B) and controls the processing performed 'by the third electronic
circuit (C).

In accordance with a further aspect of the present invention, there is provided an

electro-acoustic system including a negative-feedback loop comprising of: a
5 microphone for generating an internal signal from an acoustical signal located within or

closely coupled to an occluded or partially occluded ear; a second electronic circuif B)
for modifying the internal signal to produce a processed internal signal; a combiner for
combining the processed internal signal with a processed external signal to produce a
combined signal; a first electronic circuit (A) for modifying the combined signal to

10 produce a receiver signal; and a receiver for generating an acoustical signal from the
receiver signal at a location within or closely coupled to the occluded or partially
occluded ear; a third electronic circuit (C) for modifying an external signal to produce a
processed external signal; a fourth electronic circuit (D) for estimating the level of the
receiver signal and producing a control signal from this estimate; wherein the control

15 signal controls the processing performed by first electronic circuit (A) and controls the
processing performed by the third electronic circuit (C).

In accordance with a further aspect of the present invention, there is provided a
method of providing a negative feedback loop for an electro-acoustic system, the method
including the steps of: (a) generating an internal signal representing an acoustical signal

20 located within or closely coupled to an occluded or partially occluded ear; (b) modifying
the internal signal to produce a processed internal signal; (c) combining the processed
internal signal with a processed external signal to produce a combined signal; (d)
modifying the combined signal to produce a receiver signal; (€) generating an acoustical
signal from the receiver signal at a location within or closely coupled to the occluded or

25 partially occluded ear; (f) modifying an external signal to produce a processed external
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signal; (g) estimating the level of the receiver signal either directly from the receiver .
signal or from the combined signal and producing a control signal from this estimate;
wherein the degree of modification in step (b) is controlled by the control signal. The
control signal can be utilised to control the amount of modification occurring in step (£).

In any of the aforementioned aspects of the present invention the fourth electronic
circuit (D) optionally produces a control signal using estimates of the signal levels from
the internal signal or the processed internal signal and the receiver signal or the
combined signal.

Brief Description of the Drawings

Preferred embodiments of the present invention will now be described with
reference to the accompanying drawings in which:
Fig. 1 is a block diagram of the occlusion reduction scheme of the preferred
embodiment;

Fig. 2 is a schematic diagram of an analog electronic circuit for the electro-
acoustic negative feedback loop;

Fig. 3 is a schematic diagram of an analog adaptive pre-compensation electronic
circuit;

Fig. 4 is a schematic diagram of an analog level estimator and control signal
generation electronic circuit;

Fig. 5 is a schematic diagram of a digital implementation of the occlusion
reduction scheme;

Fig. 6 is a schematic diagram of an adaptive IR filter;

Fig. 7 is a schematic diagram of a level estimator and control signal generator ;

Fig. 8 is a graph of the simulated closed loop response in a Zwislocki coupler;
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Fig. 9 is a graph of the measured response of the effective gain reduction inside a
real ear;

Fig. 10 is a graph of the measured responses from an external signal to a Zwislocki
coupler microphone; and

Fig. 11 is an illustration of the occlusion reduction scheme implemented as an in-
the-canal hearing aid device.

Detail Description of the Preferred and Other Embodiments

The preferred embodiment operates to reduce the level of signals generated within
an electro-acoustic negative feedback loop, such as signals produced by vibration in the
ear canal walls due to bone conduction of a user’s voice. The reduction occurs in the low
to mid audible frequencies, typically ranging from 80 Hz up to 1 kHz, where the
occlusion effect is more predominant and perceptually apparent.

A negative feedback scheme is provided which combines a processed externally
generated signal such as from an external microphone or a sound system with a
processed internal signal such as from a microphone located within or closely coupled to
the occluded or partially occluded ear. The combined signal after optional further
processing is applied to a receiver located within or closely coupled to the occluded or
partially occluded ear. The level of the signal to be applied to the receiver is optimally
estimated either from the signal applied to the receiver or from the combined processed
external and processed internal signals. Optionally this signal level can be estimated
from signals at other points within the scheme. High signal levels applied to the receiver
may produce a distorted output from the receiver. This distortion is reduced by applying
active gain reduction in the feedback path in response to estimated high signal levels
being present. Optionally low signal levels can be detected so that noise inherent in the

negative feedback components such as the internal microphone can be minimised by
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applying active gain reduction in the feedback path. Thus, the high and the low signal
level thresholds for gain reduction in the loop can depend on the dynamic operational
range of the discrete components ﬁthin the system. In addition, an adaptive eqqalisation
filter is applied to the external signal to compensate for variations of the transfer

5 response of the closed loop.

The preferred embodiment includes of a microphone to sense the sound pressure in
the ear. The preferred embodiment also includes a novel design of estimating the level of
the signal to be applied to the receiver and reducing the gain in the feedback path of the
loop when this level is high. This mechanism effectively improves the robustness of the

10 closed loop system by limiting excessive driving levels being applied to the receiver. A
filter within the feedback path of the loop yields the necessary phase and gain around the
loop to generate a phase cancelling sound in the ear without creating acoustic fqedback.
This negative feedback response also causes a sound pressure reduction for external
signals thus affecting the response from the external processed signal to the receiver

15 signal. As a result, an adaptive pre-compensation filter is provided. The adaptive pre-
compensation filter performs adaptive equalisation to maintain a constant frequency
response between the external signal and the receiver signal in response to changes in
loop respomnse.

In addition, the negative feedback response also causes a reduction in external

20 sounds transmitted through a vent or leakage, thus minimising both effects.

Referring initially to Fig. 1, a schematic diagram 1 illustrates the occlusion
reduction scheme of the preferred embodiment. This electronic circuit can be
encapsulated in an earmold 100 as discussed hereinafter with reference to Fig. 11. The
earmold optionally contains tubing for coupling the receiver to the ear. The earmold

25 optionally contains tubing for coupling the internal microphone to the ear. The
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microphone and receiver optionally can be combined into a single unit or jointly coupled
to the occluded or partially occluded ear by a common tube. Optionally these tubes can
be protected from wax blockage using wax guards. The lengths of these tubes are
preferably as short as possible to minimise delays around the feedback loop, but can be
any length. The earmold can optionally contain an open vent to depressurise the ear thus
reducing the sensation of stuffiness in the ear. Optionally, the vent can be fitted with an
acoustic damper for compensating for the vent resonance that may affect the closed loop
response.

The internal signal from an internal microphone 7 is proportional to the ear canal
sound pressure. This internal signal is filtered in a feedback loop shown as first
electronic circuit (A) 2 and second electronic circuit (B) 3 to produce the receiver signal
4 output to the receiver 5. The aim is to produce cancellation around the loop, limited to
a given low to mid frequency band.

An analog implementation of the occlusion reduction scheme is depicted in Figs.
2-4 and a digital implementation is shown in Figs. 5-7.

In addition, Fig. 1 shows fourth electronic circuit (D) 8 that estimates the level of
the receiver signal to produce a control signal. Optionally the input to the fourth
electronic circuit (D) 8 can be obtained from the output of a combiner 9 with appropriate
compensation for the effects of the first electronic circuit (A) 2. The response of the
negative feedback loop is controlled by the control signal. The estimated level of the
receive signal 4 can be compared to a reference level which is not shown in this figure.
The control signal reduces the gain in the loop as the level of the receive signal increases
above the reference level. The reference level is set to a level to minimise distortion

occurring within the loop.
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The combined signal within the loop results from a combination 9 of processed
internal signal 12 and processed external signal. The processed external signal results
from a filtered external signal 13. The pre-compensation filter 10 depicted as the third
electronic circuit (C) 10 in Fig. 1, equalises the magnitude of the ’gransfer function from
the external signal 13 to the receiver signal 4 so that it is approximately constant across
frequency, assuming a fixed closed loop response. Optionally, the filter in the third
electronic circuit (C) 10 is adaptively conirolled by fourth electronic circuit (D) 8 so that
the magnitude of the transfer function from the external signal 13 to the receiver signal 4
is approximately constant across frequency regardless of changes in the closed loop
response.

Optionally the fourth electronic circuit (D) uses estimates of signal levels from the
receiver signal or combined signal and from the internal signal or processed internal
signal to produce a control signal to control the loop response. This control signal can
control the loop response by directly applying gain reduction to the first electronic
circuit (A) or to the second electronic circuit (B). The control signal produce from this
arrangement can be used in combination with the fixed or adaptive third electronic
circuit (C).

Analog Implementation

Fig. 2, depicts an analog implementation 20 of the negative feedback loop of Fig.

'1. Firstly, the internal signal is applied to a high pass filter 21 and lead-lag filter 22 in

order to reduce effects from jaw movements and very low frequency instability in the
loop. The equations for the transfer function in relation to the corresponding discrete
components are shown below:

jo-RC,

HHP(ja))=l+jaJ-R1xC,
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if R, = Rs,C, = C, then the lead lag transfer function equation is shown below

(R3 +R6)+ja) oC, '(2R3R6 + RR, +R3R4)
Ry + joeC, o(R,R, +R,R,)

HLead—Lag (]a)) =

The next filtering stage reduces the dominant transducer resonance within the loop
and provides greater open loop gain at frequencies at which the occlusion effect is
greatest. This is achieved by using a bi-quadratic filter 24, and placing a complex pair of
zeros at the dominant transducer resonance frequency followed by a pair of real poles to
provide low frequency emphasis in the open loop response.

In the arrangement of Fig. 2, if we allow R, = R,,,C, = C, , R, =R,,C; =C,and
Ry, = R,;,Cy = C, ,then the biquadratic transfer function equation can be computed as

follows

(jw)*C,R,C, +ja)[C4 L EBs —C5j+i
‘ R Ry

Hbi—quad (]CD) =
(jo) C,R,C, + ja{%—Ri +C, ) +L

12 RIZ
To determine the pole zero placement, the biquadratic transfer function equation

can be directly related to a well known second order transfer function equation.

(o) +2¢,0,jo+ o}
*(ja;)z +24 0, jo + a)f,

K(jw) =

Where the @, and @, are the location of the pole and zero frequencies. Similarly &£, and
¢ , are the damping factors for the poles and zeros respectively. Thus, this relationship

can be used to position the poles and zeros at the desired frequencies with the desired
damping.

With appropriate phase compensation, amplification is added to the loop. The gain
amplification is chosen in accordance to a well-known gain and phase margin criteria

(e.g. Linear Control Systems Analysis and Designs, John J.D’Azzo, Constantine H.
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Houpis, 2nd Edition, McGraw-Hill, 1981). A loop gain of less than or equal to —3 dB is
chosen at frequencies likely to produce positive feedback. The filtering arrangement of
Fig. 1 shown in Fig 2, produces a gain greater than unity, for an open loop response
between 80 Hz and 1 kHz and less than unity at other frequencies, where positive
feedback may occur. The frequency band ranging from 80 Hz up to 1 kHz is an
appropriated choice as the occlusion effect is subjectively more r;lpparent at these
frequencies, as described in literature (e.g. Hearing Aids, Harvey Dillon, Boomerang-
Press, 2001).

The bi-quadratic filter 24 is followed up by a voltage controlled variable resistance
25, referred to as VVR. This control produces up to — 20 dB of gain around the loop, by
controlling the voltage at the gate of the JFET. Thus, the gain across the VVR network is
found by observing that the JFET is series with R, forms a voltage divider, with its gain
given by:

R, + Ry

Where R, , is the variable resistance across drain to source junction.

The VVR is followed by a bufferstage 26, that is subsequently followed by a
variable resistor, R,,.27. This latter resistor is used to fined tune the gain around the
loop manually. The variable resistor 27 is followed by an amplifier and a combiner 9,
combining a processed external signal 28 with the processed internal signal 12. Finally,
this buffer functions as a voltage controlled voltage source to the receiver, optionally a
class D amplifier may be used.

Referring now to Fig. 3, there is illustrated the precompensation circuit 10 of
Fig. 1 in more detail. The circuit may be used to pre-compensate an external signal 13 to

produce a processed external signal 28. The external signal is pre-compensated with a
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fixed high pass filter 32, a variable notch filter 33, and an adjustable gain control 34.
Note that the notch and the gain are also controlled with voltage variable resistances,
using JFET transistors.

If C,; = C,, .then the transfer function equation for the notch filter, positioned
between U6 and U7 is shown below

1+ ja)(ZRxC13)+ (RwaClsz ) (J“‘))2
1+ ja)(ng + 2R:c)C13 + (RxR19C132 ) (ja))2

H Notch (] (0) =

Where R, = R,, + Rpy; + Ry, and Ry, + Ry, is the combined resistance across drain

to source junction of the two JFET transistors. Also note that the amplification at U7 is
controlled by the source to drain resistance at Q5, and the low pass filter between U5
and U6 is essentially switched on and off by Q2.'

The voltage variable resistances shown in Fig. 2 and 3 are driven by the circuit 40
shown in Fig. 4. This circuit functions as a signal level estimator and threshold detector
and produces a control voltage 41. In this circuit the receiver signal 4 is compared to a
reference voltage 43, shown as v-Ref in the figure, at the negative input of U8 (44). If
this voltage does not exceed the reference level, the current source, made up by BJ3 and
BJ4 transistor pair pulls down the voltage across the RC tank towards the negative
supply voltage, with a time constant equal to the release time. Note that the voltage
across the RC tank feeds directly into the gate of the JFET control transistor in Fig. 2
from U9 buffer (1), resulting in a VVR signal 25. Similarly from U10 and U11 buffer (2)
and buffer (3), results is an inverted VVR signal 35, that is directly applied to the gates
of all the JFET transistors shown in Fig. 3. As the voltage exceeds the threshold
reference level, the current source, shown as BJ6 and BJ5 transistor pair, charges the RC

tank, towards the base voltage at BJ6, with a time constant set by the attack time. The
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attack and release time constants can be approximated by finding the appropriate ratio

between resistors R,; and R;,.
The voltage across the capacitor C);ranges from a voltage at the based of BJ7 , say

0.7V or fully charged to the voltage at the collector of BJ3, say -2.8V or fully
discharged, then the change in voltage AV ~ 3.5V, from which the current needed to

produce the discharging rate can be evaluated as follows:

Discharging I = C|, X—L =Tud
Release Time
thus effectively 7. ® 11X Lo amging
0.7
Then R, =——=~82k R, =11xR, =91k
77u

Digital Implementation

A digital implementation of the arrangement of Fig. 1 typically requires the signal
within the loop to be oversampled to reduce the delay introduced into the loop by
sampling. The signal processing performed by electronic circuits A, B, C and D and the
combiner 9 may be performed digitally. The digital processing optionally is performed
by a digital signal processor which is instructed to perform the signal processing.
Various techniques are available to those skilled in the art to perform these processes.
Examples of these are performing the ﬁltéring operations using FIR or IIR filters or
modifying the signals in the frequency domain using the short-time Fourier transform
techniques. One implementation of the scheme described for Fig 1 is shown in Figs. 5-7.

In Fig. 5, after A/D conversion 50, the internal signal is filtered with an IIR filter
51 in order to provide the required gain and phase compensation, with the same criteria
applied in the description of Fig. 2.

In this digital implementation the level of the receiver signal 4 is directly estimated

and the control signal »(#7) is produced by the level estimator and control signal generator
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8 which is shown in greater detailed in Fig. 7.. Referring now to Fig. 7,'the receive
signal level is estimated with a digital 1% order switchable time-constant envelope
detector. The envelope signal is compared 71 to a threshold value and the maximum of
either the ratio of its exceedance of this threshold or unity is produced. This maximum is
inverted to produce the control signal. As the level of the envelope signal exceeds the
threshold, the control signal shown as r(#) decreases at a rate determined by the attack

time constant A

e - A8 the envelope signal decreases in level, the control signal

increases at a rate determined by the release time constant A

elease - Alternative signal
level compression strategies employing different envelope detector designs well known
to those skilled in the art may be used.

The internal signal, after being filtered by the IIR filter 51, is scaled by the
control signal 7(7) to produce the processed internal signal. The processed external
signal is added to the processed internal signal by the combiner 9 to produce the
combined signal. The combined signal is scaled 2 to produce the receiver signal 4 which
after D/A conversion is applied to the receiver 5.

As in the analog description, the negative feedback loop requires pre-
compensation so that the gain response measured from the external signal to the receiver
signal is not altered by the closed loop response. In Fig. 5, the pre-compensation filter 10
is realised as a cascaded IIR filter, with a structural realisation shown in Fig. 6 . The first

filter stage shown in Fig. 6 is a high pass filter, comprising of a zero at 0 Hz and a pole

at fyp, the coefficient being a function of the sampling rate, Fs. The second stage of the
filter shown in Fig. 6 is adaptive, the locations of poles f,and zeros f, of the digital

filter are varied in accordance with the output of a mapping function p(n) 61.
Alternatively the damping factors for the poles and zeros can be controlled by two

independent mapping functions derived from the control signal »(1). Fig. 5 shows p(n)
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as a single output from a polynomial mapping function with input r(7). The
polynomial’s c'oefficients are found using an autoregressive analysis of the required
compensating response as a function of the control signal r(n).

Any combination of analog and digital electronic circuits is possible in addition to
the all analogue and the all digital implementations described with the appropriate
conversions between analogue and digital formats. In particular, electronic cirquits B,C
and D may be implemented digitally with the combiner and electronic circuit A
implemented in analog circuitry. Furthermore, the processed internal and processed
external signals may be combined while both in a 1-bit format and applied directly to the
receiver without electronic circuit A performing any function or with it simply providing
the 1-bit drive current for the receiver.

Referring now to Fig. 8 the simulated closed loop response in a Zwislocki coupler
is shown. The scheme yields approximately 16 dB of occlusion reduction at 300 Hz, and
18 dB at 100 Hz. The occlusion reduction response is a measure of the level difference
between the sound level in the coupler with the occlusion reduction system active and
the sound level in the coupler without any occlusion reduction. Referring to Fig. 9
occlusion reduction in a real ear is shown. This was calculated by taking the linear
average of the energy in 1/12 octave bands recorded using an in-the-ear-canal
microphone while a subject talked for 2 minutes. This signal was recorded while the
feedback loop gain is maximum, and then again while the loop was open.

Referring now to Fig. 10, three responses measured in a Zwislocki coupler are
shown. These are the transfer functions from an external signal to the coupler
microphone for the compensated 93 and un-compensated responses 92. Also shown is
the natural receiver response 94 employing a voltage controlled voltage source to the

receiver. Note that the compensated response is not adversely affected by the occlusion
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reduction scheme compared to that of the natural receiver response 94. Also similar
responses are derived for minimally open vented cavities with the appropriate changes to
the mappings, filtering and gain equalisation in electronic circuits A, B, and C.

Referring now to Fig. 11, there is shown one form of actual implementation of the
present invention as an in-the-canal hearing aid device 100 placed in a user’s ear 101
that substantially eliminates the discomfort associated with the occlusion effect.
The device 100 includes a sealed or optionally vented 102 earmold that occludes ox
partially occludes the ear canal. The earmold encapsulates a hearing aid electronic
circuit comprising of: a hearing aid processor 103 directly connected to an external
microphone 104 and powered by small battery 105. The hearing aid processor includes
occlusion reduction electronic circuits A, B, C, D and the combiner. A separate receiver
5 and an internal microphone 7 are also interconnected. These transducer elements are
acoustically coupled to the inside of the ear canal with short tubes 108, 109; and
protected from ear wax with wax-guarding devices 110, 111.

The forgoing describes preferred embodiments of the present invention.
Modifications, obvious to those skilled in the art, can be made thereto without departing

from the scope of the invention.
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CLAIMS
1.  An electro-acoustic system including:

an electro-acoustic circuit including a negative-feedback loop comprising of:

a microphone for generating an internal signal from an acoustical signal located
within or closely coupled to an occluded or partially occluded ear;

a second electronic circuit (B) for modifying the internal signal to produce a
processed internal signal;

a combiner for combining the processed internal signal with a processed external
signal to produce a combined signal;

a first electronic circuit (A) for modifying the combined signal to produce a
receiver signal;
and

a receiver for generating an acoustical signal from the receiver signal at a
location within or closely coupled to the occluded or partially occluded ear;

a third electronic circuit (C) for modifying an external signal to produce a
processed external signal;

a fourth electronic circuit (D) for estimating the level of the receiver signal either
directly from the receiver signal or from the combined signal and producing a control
signal from this estimate;

wherein the processing performed by the second electronic circuit (B) is controlled
by the control signal.

2. A system as claimed in claim 1 wherein the negative-feedback loop includes
filtering that alters the open loop response so that the real component of the response is

large and negative at frequencies where the occlusion effect is most apparent.
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3. A system as claimed in claim 2 wherein the third electronic circuit (C) includes
filtering that provides compensation for the closed response of the negative-feedback
loop.

4. A system as claimed in claim 3 wherein the filtering provided by the third
electronic circuit (C) is adaptive and controlled by the control signal.

5. A system as claimed in any previous claim wherein the fourth electronic circuit
(D) estimates the level of the internal signal or the level of the processed internal signal
and uses this estimate with the estimate of the receiver signal to produce a control signal.
6. A system as claimed in any previous claim wherein the gain of the second
electronic circuit (B) is controlled by the control signal.

7. A system as claimed in any previous claim wherein the ear is occluded or partially
occluded by an earmold.

8. A system as claimed in claim 7 wherein the earmold contains a vent.

9. A system as claimed in claim 8 wherein the vent contains an acoustic damper

10. A system as claimed in any previous claim wherein the microphone for generating
the internal signal is coupled to the occluded or partially occluded ear by a tube.

11. A system as claimed in any previous claim wherein the receiver is coupled to the
occluded or partially occluded ear by a tube.

12. A system as claimed in any previous claim wherein the microphone and the
receiver are jointly coupled to the occluded or partially occluded ear by a common tube.
13. A system as claimed in any previous claim wherein at least one of the electronic
circuits is digital.

14. A system as claimed in any previous claim wherein at least one of the digital
electronic circuits uses a sampling rate at least four times that of the bandwidth of the

signal.
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15. A system as claimed in claims 13 or claim 14 wherein the first electronic circuit
(A) includes a digital to analogue converter.
16. A system as claimed in claim 13, claim 14 or claim 15 wherein the second
electronic circuit (B) includes an analogue to digital converter.
17. A system as claimed in claim 16 wherein the second electronic circuit (B) includes
a digital to analogue converter.
18. A system as claimed in claim 14 wherein at least one of the input signals to the
combiner is a binary signal.
19. An electro-acoustic system including a negative-feedback loop comprising of:

a microphone for generating an internal signal from an acoustical signal located
within or closely coupled to an occluded or partially occluded ear;

a second electronic circuit (B) for modifying the internal signal to produce a
processed internal signal;

a combiner for combining the processed internal signal with a processed external
signal to produce a combined signal;

a first electronic circuit (A) for modifying the combined signal to produce a
receiver signal;
and

a receiver for generating an acoustical signal from the receiver signal at a location
within or closely coupled to the occluded or partially occluded ear;

a third electronic circuit (C) for modifying an external signal such as from external
microphone to produce a processed external signal;

a fourth electronic circuit (D) for estimating the level of the receiver signal and

producing a control signal from this estimate;
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wherein the control signal controls the processing performed by the second
electronic circuit (B) and controls the processing performed by the third electronic

circuit (C).

20. An electro-acoustic system including a negative-feedback loop comprising of:

a microphone for generating an internal signal from an acoustical signal located
within or closely coupled to an occluded or partially occluded ear;

a second electronic circuit (B) for modifying the internal signal to produce a
processed internal signal;

a combiner for combining the processed internal signal with a processed external
signal to produce a combined signal;

a first electronic circuit (A) for modifying the combined signal to produce a
receiver signal;
and

areceiver for generating an acoustical signal from the receiver signal at a location
within or closely coupled to the occluded or partially occluded ear;

a third electronic circuit (C) for modifying an external signal to produce a
processed external signal;

a fourth electronic circuit (D) for estimating the level of the receiver signal and
producing a control signal from this estimate;

wherein the control signal controls the processing performed by first electronic
circuit (A) and controls the processing performed by the third electronic circuit (C).
21. A method of providing a negative feedback loop for an electro-acoustic system,
the method including the steps of:

(a) generating an internal signal representing an acoustical signal located within or

closely coupled to an occluded or partially occluded ear;
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(b) modifying the internal signal to produce a processed internal signal;

(c) combining the processed internal signal with a processed external signal to
produce a combined signal;

(d) modifying the combined signal to produce a receiver signal;

5 (e) generating an acoustical signal from the receiver signal at a location within or

closely coupled to the occluded or partially occluded ear;

(f) modifying an external signal to produce a processed external signal;

(g) estimating the level of the receiver signal either directly from the receiver
signal or from the combined signal and producing a control signal from this estimate;

10 wherein the degree of modification in step (b) is controlled by the control signal.

22. A method as claimed in claim 21 wherein the control signal is utilised to control
the amount of modification occurring in step (f).

23. A method substantially as herein described with reference to any one of the

embodiments of the invention illustrated in the accompanying drawings and/or
15 examples.

24. A system substantially as herein described with reference to any one of the

embodiments of the invention illustrated in the accompanying drawings and/or

examples.

Exhibit 1004
Page 0815 of 1251



PCT/AU2005/001506

WO 2006/037156

1/11

T 314

[EUETS

-, TewEm
. Nﬁm_mmuuﬁm

T wds| ¥

»

_x\trgx =

T\ s

 1anranas \

pamquIoD

./4\ ..h_... .\_ ._..ﬁﬁm.ﬁm :
TETIATHS N

& passaocad 01

[EtIaTEa

Exhibit 1004

Page 0816 of 1251



PCT/AU2005/001506

WO 2006/037156

2/11

(AL |
381 ]
. AL g | i
mgomp G¢igzz 981 W b7
{ RS AT L
) = S, _ o —_ =T
eI TR— - \._ __Bn_l AY) umuun.mmmv
raubyg| 191 I T—ene
..Ha 0s I ABFE
Temrsany E 20 ¥ 8
h o ] | AUO0T
%DS gm Hpig U001 &
o | 61 ()
1z Nma By €

0¢

ALt

TeLIIEY
91d P3EEID0I]

Exhibit 1004

Page 0817 of 1251



PCT/AU2005/001506

WO 2006/037156

3/11

€ 31

s
= | i} THARY STT

&l

Exhibit 1004

Page 0818 of 1251



PCT/AU2005/001506

WO 2006/037156

4/11

b 81q
= = ==
16 h oy S
08¢ A5 tzg ) ‘
.(lnz%%o.mw NAK ,A Ly NA
= PE 6287 2T g0 | | g
o . e T S A
augor. | MAE Yy ._ .@wa b
cnL €4 ,
laao gpr| FHA oy |
3 , 78 b
085] umumum HO o e AS
m A “+ .
A aNd ALy BT
. o (2} 3=33mq ) . ToDEYH]-RER
taagyaur | &4 0104 ok:e & /80 TRsTSON /q
gmuw. - a v
‘ (6 Toggng | 73 _
. W8 Al/.
= €8 8
P _
il )
5
AS

Exhibit 1004

Page 0819 of 1251



PCT/AU2005/001506

WO 2006/037156

511

HJ

S 31

(- &a&ﬁ mH(E -+ ([~ )+

.. (47— ..:Am,l W)xhg 4+ (1 - w)eY + (W)xg = ()4

-

19

-

()% (g + (1) o + (145 =(1)d

ml)/ ToxUod
[ ote19U8 Reuis jonuos urE, v
. pue J0j08jap adojasua /@u | ﬁﬂwﬁ, |
e R
. , ) ﬂo,unou, passazoxd .
T . (g A= (W} < {1

Janianas \\ pamquie
G et

./\'\ \ pati
o EwaEs

¢ passsaord

% | renmoudjod
@qa=r
 [(9epr="e _ mes
(A= a) Mo (g~ )P (1 - )Tt [ewIalxs

(A= i (1= g+ (g = ()«

o’

Exhibit 1004

Page 0820 of 1251



PCT/AU2005/001506

WO 2006/037156

6/11

9 31y

A I
peadig

ﬁ 84 Y
— |soag—

TEusis

R ERIN
558 YBIH

v vummuuo.._.@ Tendts:
0L, Jewas s
() —(Ux

Exhibit 1004

Page 0821 of 1251



PCT/AU2005/001506

WO 2006/037156

7111

LS

dousrbadl  Fufduns = 54

82Uy BSpafaL { AU = I

Sy AT e
=" ¥ PdFYMR
I=.
%u_m,wmk\m\.” ﬁww
IVBAL, ; o ‘ ,m.w.m_.m
v-1=7¢
h__@hu\mx - JW .
w5 1g UuaYy

-9 (92

X
*

e
(W samapas

W4

ﬁW§$§
()

<

Mn

<l

eusts
[onuog

Exhibit 1004

Page 0822 of 1251



WO 2006/037156 PCT/AU2005/001506
8/11

< .
m\, 5
K
{,
L
///
<-—~.
‘k -y
o N
f=3
2
2 AN 5 .
8 \ E oo
3 g ™
§ fxq
S \
=)
E o
2 S
7
Fi
/
7
/}
/)/
av"”‘
Mﬂ
| et .
JENEEEEA
qap ur ures

Exhibit 1004
Page 0823 of 1251



WO 2006/037156 PCT/AU2005/001506
9/11

L
~—
N
1T 7
-
P e
o =
L
g
TN
T, =1
R A
oy [
F ol g
5] g2
’ il =1
L
i :
fadl
JF’M
9)
=~ e
e w
o L ] ' ; "
| e e e = v 29w g

ap y| u;efivuo;snmo-u'w

Exhibit 1004
Page 0824 of 1251



PCT/AU2005/001506

WO 2006/037156

10/11

00001

0001

01 311

2l Aouanbaiq

00

117 i I . .ii
I : I | m
‘ ; i e A ; |
m, &6 awggmﬁ ummmwa&a%&n w | w
) w ~
/ m i i
| { M
YEE ¥ B " mv}u{;*
| | ™
b i L.
AL IR
- w : w Ea ic.a\w i P ot
‘ w -, ! “ v 4B M
VNZSHTR L TR
LN AT m s
in! m ! 7 vm um&&m. Al ;
\ |16 asuodsal w&%mﬁs | T
R Lk fya 1 m. | W i

ap w meg

Exhibit 1004

Page 0825 of 1251



PCT/AU2005/001506

WO 2006/037156

11/11

11810

suogdoIomAy
L

%.mo,ﬁwmm ¢l i
~ Wwoa fews
§01 peuondo

¢ Anayeq

\ vowaajord ze jf, s
Qg

Exhibit 1004

Page 0826 of 1251



INTERNATIONAL SEARCH REPORT International application No.
PCT/AU2005/001506

A. CLASSIFICATION OF SUBJECT MATTER
Imt. CL ” HO04R 29/00; A61B 5/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
WPAT: hearing aid, occlusion, gain, frequency range, sound level, signal strength and similar terms.

USPTO: hearing aid, occlusion, reduce

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to
claim No.
US 6687377 B2 (VOIX et al.) 3 February 2004 :
A Col. 3 line 33-Col. 6 line 22 1-24
WO 2002/085063 A2 (WIDEX A/S et al.) 24 October 2002 .
A Page 4 line 14-Page 10 line 32 1-24
US 6766031 B1 (WESTERMANN) 20 July 2004
A Col. 2 line 18-Col. 5 line 28 1-24
CA 2381516 A1 (GENNUM CORPORATION, CA) 12 October 2002
A Page 1 line 20-Page 18 line 2 ’ 1-24
Further documents are listed in the continuation of Box C See patent family annex
* Special categories of cited documents: ’
A document defining the general state of the art which is T later document published after the international filing date or priority date and notin
not considered to be of particular relevance conflict with the application but cited to understand the principle or theory
underlying the invention
"B” earlier application or patent but published on or after the X" document of particular relevance; the claimed invention cannot be considered novel
international filing date or cannot be considered to involve an inventive step when the document is taken
alone
"L documnent which may throw doubts on priority claim(s) "Y"  document of particular relevance; the claimed invention cannot be considered to
or which is cited to establish the publication date of involve an inventive step when the document is combined with one or more other
another citation or other special reason (as specified) : such documents, such combination being obvious to a person skilled in the art
Kol document referring to an oral disclosure, use, exhibition "ot .
or other mearns & document member of the same patent family
wpn docurment published prior to the intemational filing date
but later than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report 9 NO
3 November 2005 : V 2005

Name and mailing address of the ISA/AU Authorized officer

AUSTRALIAN PATENT OFFICE

PO BOX 200, WODEN ACT 2606, AUSTRALIA
E-mail address: pct@ipaustralia.gov.au . - JUZER KHANBHAT

_Facsimile No. (02) 6285 3929 Telephone No : (02) 6283 2176

Form PCT/ISA/210 (second sheet) (January 2004)

Exhibit 1004

Page 0827 of 1251



INTERNATIONAL SEARCH REPORT

International application No.

PCT/AU2005/001506
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to
. claim No.
US 5195139 A (GAUTHIER) 16 March 1993
A Col. 1 line 39-Col. 3 line 22 1-24

Form PCT/ISA/210 (continuation of second sheet) (January 2004)

Exhibit 1004

Page 0828 of 1251




INTERNATIONAL SEARCH REPORT

International application No.
PCT/AU2005/001506

This Annex lists the known "A" publication level patent family members relating to the patent documents cited in the
above-mentioned international search report. The Australian Patent Office is in no way liable for these particulars

which are merely given for the purpose of information.

Patent Document Cited in Patent Family Member
Search Report

Us 6687377 AU 20394/02 CA 2477010 CN 1483298
EP 1356255 Us 2002076057 WO 0250499
ZA - 200305523

WO  2002/085063 CA 2442538 EP 1250027 Us 2002150269

Us 6766031 AU 69189/98 CA 2286037 DK 42297
EP 0980641 WO 9847318

CA 2381516 N/A

UsS 5195139 AU 20280/92 EP 0584259 WO 9221218

Due to data integration issues this family listing may not include 10 digit Australian applications filed since May 2001.

END OF ANNEX

Exhibit 1004
Page 0829 of 1251




(12) BIFMAEMICE ST LRSS h-ERERE

(19) i RAH TR MRS )
EEE%R 0 0 00 00 0 OO0 00
@3) Bl BEA PCT 10) Eff &S
2006 ££5 A 26 B (26.05.2006) WO 2006/054698 A1l

(51) EFRYFEFH 4 (71) HEA CKEZRBR<<2TOEEEICO2VWT): AX
HO4S 5/02 (2006.01) HO4S 7/00 (2006.01) E 4 4 —#t4 4t (VICTOR COMPANY OF JAPAN,
HO4S 1/00 (2006.01) LIMITED) [JP/P]; T2218528 #Z)I| B4 E Azl

@1) ERHESES: PCT/IP2005/021247 RSFEAT3 TH 12 %4 Kanagawa (D).

. (72) RBAE; LU

(22) EIfftHEER: 2005 €11 A18 H (18.11.2005) (75) FAE/MEA CGREIZDONTOHA): HE #F (MU-
(25) EfftHRBEDEE: BAREE RATA, Hisako). #iK ¥R EE (SUZUKI, Takuma). &
26) ERABEOESE: AAiE B 5E#% (YASURA, Sadahiro). F1F =% (HANEISHI,

(30) BEET—45:
4% 8 2004-335667
2004 ££11 A19 B (19.11.2004)  JP
4% 55 2004-337165

2004 €11 A22 B 22112004y 1 (74

%5 FE 2004-369406

2004 €12 A21 B (21.12.2004)
45B82005-149276 2005 45 A23 A (23.05.2005)
H5EE2005-178919 2005 £E6 A20 B (20.06.2005)

=93

(8D

Miki). &)1l BB (HASEGAWA, Katsumi). 18§ IF
F (AIZAKI, Naoko). 7B E A (FUJINAMI, Yoshi-
hisa). H B 3% (TAKEDA, Masami). &R £ (SUG-
AHARA, Takayuki).

KRIEBA: =475, 4 (MIYOSHI, Hidekazu et al.);
T1050001 HE#ERE/ M1 TE2&85 £/ M
E 4 77— Tokyo (JP).

EEE (RTOGZWEY, 2TOEEOERNREN
AHE): AL, AG, AL, AM, AL, AU, AZ, BA, BB, BG, BR,

[BEH]

TUS AND METHOD

(54) Title: VIDEO/AUDIO RECORDING APPARATUS AND METHOD, AND VIDEO/AUDIO REPRODUCING APPARA-

(54) HFHOLH: REBFLHEBRUAZE, T, REFFBEEERUVAE

11 CAMERA PART

21 INTERNALLY-MOUNTED STEREQ MICROPHONES
41 CONN=CTION DETECTING PART

12 VIDEO ENCODING PART

22 AUDIO ENCCDING PART

42 FLAG INFORMATION GENERATING PART
13  MULTIPLEXING PART

14 RECORDING/REPRODUCING PART

44 RECORDING MEDIUM

15 SEPARATING PART

16 VIDEO DECODING PART

2006/054698 A1 I AT 00 0. 0 OO0 00 0 00 OO

2
36
AN
17
27
47
48
51
52

6 AUDIO DECODING PART

FLAG INFORMATION ACQUIRING PART
TO VARIOUS CIRCUIT COMPONENTS
DISPLAY PART

CRCSSTALK CANCELLER

CONTROL PART

OPERATING PART

AMPLIFIZR

MONITOR

(57) Abstract: A video/audio recording/reproducing apparatus (101) has an internally-mounted stereo microphones (21a,21b) and
an exlernal microphone connection terminal (32). The external microphone connection lerminal (32) is connected (o binaural mi-
crophones (3) to be attached to the cars of a recording user (300). In a casc of collecting ambicnt sounds by usc of the binaural
microphones (3), the user switches the audio signals to be recorded in a recording medium from the audio signals obtained from
the internally-mounted stereo microphones (21a,21b) to the binaural audio signals obtained from the binaural microphones (3). The
recording user (300) attaches the binaural microphones (3(31a,31b)) to his ears to collect sounds around him including sounds gen-

erated from an imaged subject. A camera part (11) images the subject. The binaural audio signals, video signals obtained by imaging
the subject, and binaural flag signals are recorded into the recording medium.

Exhibit 1004
Page 0830 of 1251

¥R



WO 2006/054698 A1 I 0000000 00000 O 00

BW, BY, BZ, CA, CH, CN, CO, CR, CU, CZ, DE, DK, DM, CH, CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE,
DZ. EC, BE, EG, ES, FI, GB, GD, GE, GII, GM, IIR, ITU, 1S, IT, LT, LU, LV, MC, NL, PL, PT, RO, SE, SI, SK, TR),
D, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, L.C, LK, OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW, ML,
TR, 1.8, 1T, LU, 1V, LY, MA, MD, MG, MK, MN, MW, MR, NE, SN, TD, TG).

MX, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
RU, SC, SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR,  #{+ 4\ B &= 5.
TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM, ZW. — EERATRLE=

84) IHEE EROLWRY, 2TOEEOLEERENT
£5): ARIPO (BW, GH, GM, KE, 1.S, MW, M7, NA, SD, 2XFa— FRUMORBEIZHOL\TIX., EHRTIIB
SL, SZ, TZ, UG, ZM, ZW), 21— 5 L 7 (AM, AZ, BY, fPCTHAE Y FOEFBEIEHEIATIND Ta— FEREE
KG, KZ, MD, RU, TJ, TM), 3 — A w /% (AT, BE, BG, DHAF R/ —~] 2B,

57 E#: BEEENEELEEE (101) THEBRTLAYAY (21a, 21b) &5 8~4A 7 ESHKF
(82) #BAd. NE<A O ERMF (32) [CIFHEEE (300) OEICEBETH/NA/—3)LT4Y (3)
PEGRINTWVS, M/ —F)L340 (3) CHEBLEETAHERERERXRICRERT IEFESTERNEBRT
LAEYA4Y (21a, 21b) DoDBEEEENLINA/—FILYAY (3) hoDNL/ —FIEEEE~LY
UEZD, BEH (300) EINA4/—5)L<4% (8 (831a. 31b) ) ZHIZEELTHEAIOREE LA
LEESLEEE (300) OREBEEST 5, WASH (11) IREAREERET D, D&KERIZNI/—5
LWEBEESLBBRLEBBESENSI/—SIISTESLEEHT 5,

Exhibit 1004
Page 0831 of 1251



WO 2006/054698 1 PCT/JP2005/021247

[0001]

[0002]

[0003]

[0004]

Exhibit 1004
Page 0832 of 1251

B M E
WA 75 AEEREE 8 [ OV I W ONT A 7 i AR i R Ok

STk 0

ARFEWNL, R R B T-WURE B L SR LN S 2 G LIRS O
PG RS U PR B L AR T ANUE S R RSB R U i, IO, R
FRIEARIZ R LT BB B e B B B LA AT MBS AR R G IEIC
Y, IR LIz L RSB OB 5T F 2 AT AN CEDMMEE L
FRIERE ROk IEONT, B 77 AR R O RIC BT 5,

B

WHEEERB LB (E 5 LT RO RE DN S 2 5 T A ORI S 25
FLICE FIE T e oW B E i AL E (Wb T H A7) B K
LT3, ZORBOBUGE it i A B IS AT VA GE T 270D ATL
A=AV BN Z TS, U4, B E il AR 1T/ NUE A — B LA TRY,
N E N T RS P R R AR 2 B R LT AT L A~ A7 TSRO b5 5
FEFEUKWEWORIERS S, £ T, JVEHROHHE R kT 52808
CEOMME T R AR E S EEN CND,

EBRARASE96,710884 53 7Ly NI, B & 7= iodk M A LS EAM D ]
(CHAB G B T 28I LD TR ERtR U IR (E 5 LRI iRiE 3 o & TR
DEGE A ) —FNVEF L E L THZ N TEOMMBE F itk A
BRI TND,

LosL7ei3n, LFESCRICBIRSNTND, NA ) —F N <A 75 2R AR AT
7B PR AR R I, BEAROREE, BB AR O~ A7 DBRESA
FHL AR CRITIZEREROB 5 E F ALk DI L0 TEV, ITERLLX
NCOABGS FRRE PR B AR, R RN, TV 2VIE BREE
i B WA EAG LR B AT D Ao T MNYEE I QOB DT, B 7 ik
ASEBARIASL ) —FNVEEE ANLT I A 72 BRL O/ T 2L 0% R
BELNR, £z, BEOBRPABEEIIREERLDOT, EEXRICBREN



WO 2006/054698 2 PCT/JP2005/021247

[0005]

[0006]

[0007]

[0008]

[0009]

Exhibit 1004
Page 0833 of 1251

TWBIORBRERHZLIIRELE 2B,
FEHDRR

ARHITZ DL RICE R 2SN b O THY, FEEAEO KREILIIRIC
BEER72<, R LTI R L TR RO H 5 E FE AT I LN TEHMHEE =i
GEEE R O, NS, S AL E R R REET 2L 2ANE TS

¥, B EREA— LT VU TIRIE T D% B0 S FERDA— LT v/ IERIL
TEBIERRODHE FEMAETHIEN TEOMMEE F L IEB R O HIE, I
TNT, BB R ARE RO EERA S22 BNE 5,

EBIT, HAER BRI TR E LA ) —INEE UL LN R 56
DI, EBOREE BB L TERORBEE SRS 256 T, EMEOF
EAETRVEBIROBHH G F AT AN TR G AR R NS
770 RN g = 13 P RN

ARIE, BRI 0ER DO BN OB A RIS 57280 | e F L IRIG L 7=z
T, B FHRNLRE LN T2 A LA OAME 2R T LB FE L%
FLER T DB E R ELIC BT, BRI D ATEL L. RilC)E T
HEEEETDHYA7LLU T, HifeEE O HIEETE A ) —IN~ A& ERT
BN ) —=FGN~ AT LI D~ AT AT 20V BE D0 ZIRE, BiFel
ATEEO IS5 B & B 28T A ABRE | BiftEAAS 2 E ST T5~
A7 IO SN E TR BRI T 24— T 4 A B L | Bt E iz ko
THIRCEBAEEEE TDvA2 LU TRIGLAA ) — I N~ A7V Z T35/
AR E AT 2 E S T2BOE T E—RE A ) —FNT—RELT, N —FE
—RCHLILERT A/ —=FGNTITIE SEERT D77 G WAL, Jifce
T A SN Ko TALBRES N2 MBS B L RiTFA— T A A BRI Lo CABRE N
T B G LRGN ) —F N T S 75 5 LA il i R Flek T At L 2 2 T
R LT Z LB R DB R B A 1R AT,

AFEINCENIR, FEEABDORES LRI, RIGLTBG LIS
BOBHEFEHETHIENTED, o, FHEX—LT T UTHHRE T 256



WO 2006/054698 3 PCT/JP2005/021247

[0010]

[0011]

[0012]

Exhibit 1004
Page 0834 of 1251

EARDR — BT o A EB L CEDIZR B OH DG FEHETHIENTES,
Bz, HAEE BEHBET DML LA ) —INEE U REE PR DGAD
5 FEBOBIEE M L TEBOBRBEESHET 56 Th, EMEOIEL
A ETRWERGRRDHHH R BT 5L TES

COREFKIZIN T, BRCER G F RSB IS NS TOD R~ (7 &, S~
A7 - BTN~ A 7 Bt T IS U TR 55~ 2 L LT i
A =TGN ATDINA ) —=FN AT LN D AT DR ET DR EH L. filie
SR~ A e T AR~ A 7 BMERES L TOD B A T D ek LR &
V BTREA — 7 A A WP T2 H FIE 5 L LT, BRIk~ A7 Kol hshiz
B RAE G LERRAME A7 KO SN B 75 5L a2 IV R DA v T L\ Atk
EEIZ Lo TR~ A2 BN ) =T N~ A7 ZEREST, Biiessmm iz k
> CHIFLAME ~ A 785 T IZIMB~ A 7 BRSO D eIl STz b &,
BRE—REZHERL S ) — IV — LT Dl E 2 A BirehlEE, &5
—FBFIRL A /=B —RDEE, Bt A v F BSEiresM~ A7 L0 Sz
B EE BRATRA — 7 A4 AT D IO BTREA y F 0 2 HI# L, 7
ST IR R ASHIRL M ) —IN T TG B AR T BRI F 7 G R AE
B AT 2T EAMFELLY,

E, B ATEHEO SN TG T2 TR T2 &2 WA, FFE—F
PRBIRE M /=T — RO L, HIRERSTICHIRE A/ —FVE— R ThHHLE
RN )= TN~ — T RN ST DR SR AR 2 DL AT EL,

EBIZ, BT AFTHIIHTRE SR EIER L TR T2 — 20 F L, Aiiie N
A —=FGN= A7 Lo THRESNZEFE S ZRRAATIIC BT HILRRITIST
THIET 55 75X — DB A 2 D ZEMFELVY,

SHITE 2, BIRE AT EIIRTRCR A IR TR 5 A — 28 RER AL . 1
A S —F N AT PEE T HEFE B OERE (AR IS S T S TR
HREWE T D720 OTHUREREZ BT RARE TR L AT IS LOE O
BE O S CRUB T DB EAT) & ZOBERBEAEATNICRRESh KD
TR B O W T N ERTREA ATENC BT DIERBIEC GRS



WO 2006/054698 4 PCT/JP2005/021247

[0013]

[0014]

Exhibit 1004
Page 0835 of 1251

DEABEASER L BIRE M /=T~ A7 Lo TEF SN FE BT L TRl
B A 38T TGS oM B e B A e B HSA AR LT O 8
PR — DB AR R DT LD ELLY,

AL, ERLRERDO B OMEE RIS D728, $ETRE R L 7B IE
Fll B SN LRE LN EE R DRESORAEEE S L EFE Ty
FLGR T MRS R T IRIC IV T, BT SR E IR G T A IR AT v 7L Rl
EAEEEETHVA7LLC iR E O HICEE T DA ) —F N~ A 7%k
AT 204 ) =N~ AT PND~ A2 %A T 22NV FEZH0EZ TS

. BTRCEE G R IR L7 Mg (5 52 UL+ A T AR T » L | JiRn)E PHE
EEETHCAZ IV SN E R E S E LR T 54 — T A WA T 7L, Ji
LUV R AT o Az TR A B 2B 5~ A2 LU TR/ A /S — IV~ A 71T
WOBFZTHAT, AL E 2R T T RO EFE—RE2 (/) —FVE—REL
T A )= FNT—RTHDIILERT ) —FNTIINE BEERTDT7TT
WARAT v 7 b, BIRE T A UEAT v 7 I RSN 7= MG B L iTRe A — T+
FARIRAT I TAUBEIN T2 B FE B LR A /=T N T FT1E B LA i i
ISR T DREAT v T LB T AL R R T DB RS T R AR5,

AFEINL, ERU20OROBAROMELMRIR T D728 L FAREREBE LT WeRI5
T, M SRR DN E L S ORI E OB L EEFLIEFE LR
FLERS IV FLBIL R A P A D BRAGE FR AR SRIEI IV T AR AT R B

SNTFRE BEHATDHARE, Mt AT THASHICHTEREE 5
MORETEBREIE B LRTRLE 1B T oM 2o BHEEs, ARt A BHERic Lo T
SYBES - HTREMUEE B A AR T2 T A IR L |, BT B LEIC Lo ToRES
MR E FE B AT o4 —F oA BRI L | AiFE R i1, AiTFE D5 %
BHETOAZ LU TRIREIRER D HITEE T A/ —IN< AL L%
RERA )GV T GG ERRGEESNTVDEE Bift A/ —F VT TG HEE
BT 277 ERBASRE. jife 7 77 E MBS A/ —IN 7575 5%
Bz &E, BIieA —TF A4 LB Lo TS L RIE S I B2 A — (T
FoTRELEGEAICRET /AN 2E BEATHH T IO E F1E 520l



WO 2006/054698 5 PCT/JP2005/021247

[0015]

[0016]

Exhibit 1004
Page 0836 of 1251

FTHIRAN—TFR X ETEEM A, BRI BAN =7 XX B IR E F E 2%t
LTTORDIT AN ZEER BIAL T AN ZEF L, Bt 7 4V Z R, E
1B 5 a MBS RICES L O~ A7 CEELEEFE SEHWGEHILE
SEAR RIS S W T ANV B RHE THHZ LB R T A B R A KEEY
T2,

Fo WEERERGLIZMEIE FL. Bt RPN B2 A b ity
D PHE EEE LI E HE 5 L0 RS fr i R & PR B S R AR T
HRIZRWT, Bt iak AR Ic i S N E 52 AT DHEAT YL, filit
BAERT Yy ITTHASN- MR REE T DTG 5Lt & FIE 5 Le s
HET 2B AT Y7 L BIR DB EAT v 7 I TS - HiTE B RIS 52 AU
TAHETANERT v Tl Birt M EAT v 7 IC ko TS - TR S i 5%
IR DA —T A AR T 7L | pilildk iz, s BT 2B E 517
ELUTHIFEREE OBICEE TN A ) —IN <AV L=l emd /31 ) —F
NTFTEFBRESNTNDLE, Fife M/ —INT I EREB T 27771
BWIBAT YT L Qi 7 77 BB AT 7 TR NS S —IN T 7 TG 5%
B L&, BIfeA—T AR T » 7 TS - RIFE S I B2 AL —%
Lo CRELZGAICRAET S/ AN 2E BRI T LOMIRE HE 524
MY HI/aRN—=IF U BNAT T LEF L, Bt/ B AN—% v BNV AT Y 71
BT E FE BICH L CTTFO RO TN G A B IR AL AT v THY | Wit 74
NEREERT, BIEE B A M A EEERICES L — O~ A7 TEE L EFES
RO CEHRIL -SRI ST SV e T ANV SR CTHDZ LB R ST D4
B EATREREET D,

X 1 D il B 72 3 FH
(K111, AFEBHOE 10 E AL BRITAR DR 75 S G P AR 2 8 & 3 34
WK THD,

[X21 21, AFEBH D 1D Fha  RITAR DA & P @ RS E 2 Vs
K2R L TODRBE ST THD,
(314313, AFEI DI 1D F2ha 2 ARIT AR DB 75 Frdk P AL 2R B 0D N BRI Rl A5



WO 2006/054698 6 PCT/JP2005/021247

Exhibit 1004
Page 0837 of 1251

BT Ty MThD,

[41K41%, ARFEP DR FEEIERBIZR DG & il AR E IV TE R E—
RO EZATO R R EEZ T THD,

(X515, AR DF-FEMEH RBITAR DB i A R IT BT 581 ) —
TN ATDEARPERTHTHD,

[(X61B61E, AFEBH DA BT BRI AR DI E 7 Atk B AR B B TSR/ —
TN AT DERH AT THD,

[B7IR 71, AFEH DR EIEH IR DG & iR FF B CTHVWS A/ —
TN~ AT DERH %R T THD,

(R8I, AT DA M RBI AR DR & 7 AL fR T A B CRVD A/ —
TN AT DR T THD,

[(B91[K9VE, AFEB DA FE i HRIZFR DM 75 AL SR AR R BIT DN ) —
INTITME B DR T +—~< v bD—FlZ =3 X Th s,

(X101 101%, AR DK L RRITIRDBAR T F ik A B ICBIT D31/
—INTFIEFDFRT A=<y OMDOHZ R T THS,

(BT 10%. AR OB L RRIIR DR 7 iSRS E SBT3 1/
—INTFINE BDILIRT 4 —vy MDELIMOFIE R T THD,

(X121 120%, AT D 1 OE M RBITAR DML 77 iidk f A B I BT A
SEEER BT 5D D70 —F 3 —FTHB,

(13130130, AR DE 1 OEMIRRITARD W5 Pt sk AR S BB D/
ABEZRIT 2007 —F ¥ —ThHD,

[X14]141E, AFEB D& LR RRITIR DM E 75 Reik i A2 E THWD 722 |k
— XX T OBRPIE R T Ty 7K ThHD,

[X15][X150%, A% D& LA IR DR H = ek Al THWS 72k
— 7% 2T TRVAIEER RS R 2 SR 8 D725 OB R B & 2 8 %
AT THD,

[(B416]161%, M 1561R T ARSI E E B TRV 7 2=y M RO
TSGR L LB DI D I =~ R A 75 R T K TH D,



WO 2006/054698 7 PCT/JP2005/021247

Exhibit 1004
Page 0838 of 1251

(171171, K151 3§ BB B € B CRIEL 7oAV 7NV AR B B
ZaRTEIEN THD,

(181 181, X 15(Z/R 3 TS i AN B 45 i ClE Ul A W Bt 2 s 3
WX THD,

[X19]K191%, #I—~y A 7E R THELIA L7 VRSB W27
B THs,

[X20]K201%., ¥ I—~oR<A 272 AW THIE LB RERHEEZ R TR B THD
(211214, v A7 =y b RO P fER ARG A O CRLE L 7B E
BBUCE S TANF I L 270 AN F v R AR 572 DM TH
Do

[K22]K221%, & I—~vF<A 2% AW CHRIE LB BB -3 7o Z
FHEIC LD aAN—0 %y BV RHEZ R 5720 DX T D,

[X23]K231%, <A 72=y BT 72 P S G A O Tl E L 7= B R
BB E ST AN IR L D70 A N0 F v VRS 35720 DK TH
B,

[K24]241%., # I—~y N 2% VW CHRIE L7 BB EREBIC B3 T
B LD 7 aAN— 3% L2V REATR I 572D DX TH D,

[B25]B0 250, AZH]DE FIEHRRICIR DM E 7 ik fA B THVW D72k
— %% e T OMDBEBIE R Ty X THD,

(2612613, A% DO FMEHRRICER DM 7 ik AR B TRV 7Rk
— X ¥ T OIOLIMMDERSI LR T T oy 7K T D,

[K27I 270, AR W] DF EHERRICLR DB 75 sk AR ZE B 2B D~ R
T4 TCOREMEL R T T —F v — N ThD,
[X128]11281% . AR D20 K Hi fE B ITAR DA 7
B’ d 7 ay s ThHd,

(429111290, AT D FE 20K BRICFR DA S 7=
R — DU OB R 37 vy 7 M Th S,

SR AL A O PRI K

=113

G AELEEICBITOHE

k=



WO 2006/054698 8 PCT/JP2005/021247

Exhibit 1004
Page 0839 of 1251

[B30][X1301%, A B DFE 2D E M ARIZIR DM & P Lk AR BBV TH
R —DVEBETIR S OEEEZRA T 2720070 —F ¥ —ThH D,

(31113 10E, AR DO FE 2O HE MR IR DI 7 Fdk A BT R 5%

TR — LDAVEE O OG22 d 7 vy 7K Th D,

[X132]X32i%. K31 D A —LAUERE O fth DR R T FA NS B 3 B 4R 5K
D5 1= DUz B & 28 2 T X Th D,

[X1331133i%. X320 EEE A BB E L E CRWDY I—~y A 7% 3T #i
T,

[34][344%, 32 DEEFA = BIH iE i CRIEL THLI BRSO
Rt Z R THD,

(3513513, XI32DEHHMA RIS ELEE CRIEL TROI MR ER D
¥t Z T M THD,

[XI36]1XI361%, X 32DIHHRA EEB M E 2L & CHIE L TROIL =S ER B D
¥t Z T X THD,

[(P371R3 71, 32 DTHHMA FEBI A 7 8 CHIE L TR O T2 E BE B $ D
Frte % {THD,

[B03810 381, 32 DEHHA RIS E L E CRIE L CRLIVZEHR RS D
Rt 2R B THD,

[X39][x13913, X 32DEHER=EBIE B 28 TRIE L TIR-L BN a B D
Rtk i3 M TH D,

[B40][K140VL, A% B DF 2D REITLR DM 7 FLdk FFAERE B BV T
BUTRTH TR — LRI D A ORI % FIV TR — DAL EA TG OB
EERAT 27007 —F ¥ —ThHoD,

(4114 11X, AZEB D 3D IHEH RBIZER DB 5 75 Fodak F- AR 257 D NI RK
FlERm¥ 7 a7 K Ths,

[X42]421F, AR DHEIOEN I RBICIRDMARE F ek A LR EICBITOHE

FER— DR DR G 2~ 37 a7 Th D,

[B0431B0431%, AZH]DEE 3D KM RRITFR DM S 7= TR AR IR 5



WO 2006/054698 9 PCT/JP2005/021247

Exhibit 1004
Page 0840 of 1251

A= DALEE DA DR G 2 397 oy M Th D,

[X144]10441% . AFEHOFEAD EHE S RRITFR D WA 77 rifk F AR 2B O PR
Blamd T ay s X THD,

[[X145][X451%, AR DHEAD LG RBITIR DR E FF iR A AEEEEICBIT5F
FA—LRUEE OB %~ T7 oy 7 Th D,

[[X146][X1461%, AR DO FAOEEIREITIR DM E = ik A BRI BT 5~
a2 T VB R A= LUEE R T 5707 —F r—ThD,

[K471B1471%, AT DH LD KM RRITERD WG E 7 TSk P AR 2B O NERE K
Blam T T ay s THD,

[X148]1B148i%, AFE ] DL 5D SN FERR IR D Wefg 3 P i dk AR S LI BT o F
R — DIVEE ORI % 97 oy 7 Th D,

[X149]1049i, AR DOHEEDEIEHREICLRDMAR L Filgk A EE L R T /ME

FHRIXTHD,
[IXI501XI501%, A5 B D556 DS M 7RI AR D WG 7 T Sk A AR 25 O PR AR
BlERT T a7 X Thd,

[X511X511%. AZEBHDOE6DHEiTERBIZIR DML F i A I EICRIT 5=
— R ER O EF % 7R3 P E X Ch D,
[52]521% ., AR D7D R HBITARD M5 75 SRk AR B AR T 418l

A THD,
[XI531X15313, AFE B DEE 7D H N 7RI AR D Wefg 5 PRt Sk A AR 5B D PN ER S RK
Bl 7y 7 KTHD,

[XI541X541%, AFEB DEE 7D TERBIT R D WA H P LSk AR AR S E T I D I8
WA SA )TN~ A 7 LIRR LA H D BRI <37 ay 7 TH D,
[XI55]X1551%, AFEBI D 7DEHEHREITLR DG F Rk A AR B T I\ VT
WSS ) =T N~ A7 H5E(E AT R T 6 OB EZRN 570D TH
Do

[B56][561%, AFEBDH7OEIEHABIZIRDWM & 75 Fodk f A EEICIV TR
WIS ) =T~ A7 D58 AR A T G B IC RN IR R S o B ~—



WO 2006/054698 10 PCT/JP2005/021247

[0017]

[0018]

[0019]

[0020]

Exhibit 1004
Page 0841 of 1251

2 DB R THD,

[XI57]XI571E, AFEBDETDOHMERREIFR DB S S H AR I BT 28
EERHT D007 —F ¥ —ThHoD,

% T3 AT Dk RO RE

LU AR OGS 7R R idE il & U7 ik, WONT, BB 7= A E R OV
EDOFEIEDOFREIZ DWW T E A S LR LT,

LB LOENMHHE S

L, BB 1D EMERRE THOMME 7 ik AL B 101 OAMBUR B2 <54
HETHD,

B LR B85 P RC R A B 1011, VAT, ZRE17, NIRRT LA
~A2721a, 21b, MR~ A7 i T-32% 0 2 THEEN T\ D, SME~ A 785t
T S21T MR MM D E A D A731a K US1b%E A THA VAL DA ) —F
N A7 BB TETEERES NG, 8T, /=GN~ A7 3BINR~ A 7155
Wi T- 321 LI IR BB A AR L TV, <A 2731a, 31bIIRERICIEEIR A2 5.
WA RS AR R 10 LI ISR T 25512, WIRAT LA ~<A721a, 21b%
FWTetRse (BN LSA ) — TN~ A7 3% VWi (B IR) L2 8INM
IATHOTEN TEDIDIAREN TG, 728, R LIT, BT SR ORG24
BT TR OB ARG T AL LW TR EO N F RO OIRE
DG EEETHEONFERET DB A MDD,

21, #FE A 30003 Wt & 7 ik AR 2E B 1015 IV CIRUR LRV AR A 4
FELTOWDIREEEZRLTCND, A/ —F <A77 3% N TEE LR o 5R % i
BT OHAIE. KRI850, HIEH3001IELA D H 3021 EHD~A731a

, 31bZEEHTD, THUTLY, A 300DTHER30L~ A2 31a, 31bEDNT (& %
ICE 52 HID 3 ) —F N B TR B DR DN - E 2 S T IR 30
OD JEHEPEE SIS, HE4 3001, RARIL7IZRASNAH ENRDE=F 1k
BEBHRLRBL, G HRE N ATEH L CHRE T HLHISAAEE A/ —F N~ A
I3 THEET D, BISERTBINC, WATE LI TREBLIZBBE 5L/ —T
A3 TEEFLLEFE TR TIERAL TRV iR A figkah b, 72



WO 2006/054698 11 PCT/JP2005/021247

[0021]

[0022]

[0023]

[0024]

[0025]

Exhibit 1004
Page 0842 of 1251

VBRIZEER TR L0, ARSI S, B BT b Y
# 300L RICHRFE R THIEL TW D I5REREREH 55 R LT ESND,

31, BAGE P R AR 2 1010 BRI 22 N B % = 37 e 7 M Ch
B,

BRERS 7R ERER AR ZEE 101K, WATHLL, B 7 AR 512, 28 LE13.
ROk TR 14, SREEELS. B AE BER16, KRELT, WEBAT LA~ A7
21(211%21a, 21bDFR) . & —T AR 56822, A —T 44 526, /o
M=% 2727, SRR~ A7 T-32, 777 H RIS 36, Wt T3
Ta, S AI0F37b, BEkekr (HER41, 7T 7 A RE42, FEskEiika4., HIHE
AT BAEERA8, A v FSwl, Sw2, SW3EHX TSI TW\5, 2B, fii
BARAALU T, TAAZIRGREARRLT — 7 Iy hd L5725 b FED FedR gt ik
THEWVL, N—RTARIZ DI G iR A KB 101 T EESh T
WAL A TH>Th IV,

B 3 F-37alliET L Val RS O = #5203 S D, HE )
T30l T 7515 L TCAL =153, S54RSS, AL —H53, 5405
BESNI G IS 5V S NS, 7283, K3 TIIfHE k., #3008
BEE 5L FRFICBIRL TVVDHS, B IR A 300IC LD Mg LRI 59X
AN EFOMBIIIMEIATONAZEIEEIETHR,
<Fo&ENfE>

AT R AR S B 10 IR A RRE BRIz DV BT 15,

T, A 3000MRMER48IC LV E FE—FOMMREE G (VA FY) &K
RSEDEEEATOE ., HIEREA7IE—Fl L LTI R T RO W3R Bl 1 70%
FREBLTIIR RS ED, SN~ A 78601321213, M~ A27EL T, K1, X2
THILIZLORAA /=T N < A7 3LBE DI~ A7 LDWT bR 352808
TED, BAEHA8IZLATTE DBAIEIZLY FE4 300133 ) —F N~ A73% A

THEETIHEEICIE. HART IR =N "5 RIR L BE OB~ A%

FAWTEETIERITT S —~ VBRI 5, HIERATIE, S5~ 78 T
21T L T 24~ A 7L T A\ =N~ AT 3D ) =TGN~ AT



WO 2006/054698 12 PCT/JP2005/021247

[0026]

[0027]

[0028]

[0029]

Exhibit 1004
Page 0843 of 1251

PN~ AT ERETHREMRERSTND, M~ AT A EL TSNS ) —F 17
DSBS, B30, BRI LERA 13N~ A 7 Hafitin - 321N~ A 7 DT 57 75
AASNTWDIEEMIN L= 8-E1T, Sl 7IT, B S iidR i A 28 10108
P ) =GN A7 3% AN RIS U Fe @ EE 4T L0 [ B4 4 il 4
Do A/ =IN=A7IEMNTHBAELZES LT EELEEFESEZR&ETS
BERE—RNENA ) —FNE—REHTEHILLT D, NBRAT VA~V A 721 %2138
WO A7 CEABEZEELC AT LS E F2EET 55T —
K&/ —<E—RLT 3,

BB )—=IN~ATIDT T T E B E DI~ A7 LT RIR DA ) —T N~ A
7 3HFADIAREL | M~ A 7R T-32% /34 ) —F )V~ A7 S A DR T-&
FTHIE, AR OE FE—NOFMBREL BT DL TED,

EARINZIE, RIBIZBWT, e LA LTI~ A 7855 T- 3212 /M~ A2
DS CNBZ L BRI T 2L, HUE 5 HIETA7IC 84835, HIEEmA7IT
IR~ AT BSOS )= TN IR ESNIRIE TIME~ A 7 D3RS L QWA e %
ARTRIBEBBANENTZL, A0 F Sw1ENRAT LA <wA 7210 6b0& 5 1E
FEANT DN Tah b, N ) —FN<A73bDHE FIE T2 AT D0 T ~&
XD, UL, A ) —FN A7 3D EFE 5™ —T A1 5t #22
~effEEhg, Ay FSwHIEAEZEE T A7LL T, #&FEH 300D H30
TEEAE T BN ) —IN~ AV BT D03 )= TN~ AT YND~ AT EH
T 50 PMVREZLUFE AT ERoTND,

F7-, BIERRATIY, 7S ERAERERA253 3 /=TT — R THDHIEERTT
FGTNER (A ) —FNTFTIER) BERLTHATBIHET 2, A/ —FN7
F71E B EARL3ICAIEND,

DI /=T N B —FOREPSNI S E . fIEEATIIR R 171231/
—INT—RERSTNBILE R TV — IR R ARSEHZENPLTEL, H5IZv—7
OBIZRT, BI5 (A IR T~—T LTINS ) —F N~ A7 3%48 i3 25430
0FMEKXINRT—7THY, M5 (BITRTv—2172[3 1/ —F L EFRORY
— A EAEEERR T~ — I ThD, ) — TN E—RERTv— 7L TN



WO 2006/054698 13 PCT/JP2005/021247

[0030]

[0031]

[0032]

Exhibit 1004
Page 0844 of 1251

5(A), B)WThOv—2rEANTHIL, ZmIh s o~v—22 nThin, 2
NoD~—27i%, BRROPIRRER T8RP~ A 7kt 7321231 /) —F v~
A7 3BEFRS NI AT HATEL L TR SN T=RRICEHE L THRREILTIC R R
SENITL, 2D I~ — I RRIZIVIRIEAE 300133 /=T NV~ A7 3&AE
THERIZ, FFET—RBNA /=GN E—NIREZIN TOEIDENPEMHRTHIE
DTED, HHERATIE, FFE—RB A ) —FNF—RFDLE RARELTITNA/
—INE—RTHDIIEERT N, ) —FN~—7 (v—I171,172) &R R RSEDHE
AR S 2o TS,

A ) =GN~ AI3DEFRD~YA731a, 31bEERDH3021IZIES LIRS
OOIFBE EMRE D ATEH 11 TR T D, WATE LIS BE S RIe T4
AL (B A LERER) 12K AT Sw3 D T-glc A& s, Mg
Gk P AEZER 101 THRIE GUEk) 1To TCODHAIZIE. AT Swlidili T-gi2 1Y
BRADITWT, AATEL 10 DBRGE 5 8RR 1 71k a S THESR D H
BBREREND, ZHERIFHT, EEE300DIHEE30E~A731a, 31beDAT &R
FRIZED, A 731a, 31bIEERE ET T RETH A/ —FNVEE LT
FIEEIEOND, ZOFEFIEFIEANYF SW1E AL TH—T A5 B (A —F
AA RERES) 221 A S1ENB,

TSR A4A DV Iy hOB/A I OWTHBIT 5L, BT A 5Lik12
IASSNIZMAB(E BEA/ DERTHEIDVEMFRICLOF LU TH 5
LS HEER T D, A —T AR HEH 22 A I SN EFIE5HA/ DE#
THERICIHEMDEFEEDOT —FLBE2 ¥ 7V X0 OB 2 TH 1L
HEHEEREENTD,

ZLHAIRLIIT. ANSNIRF SALBARAE 5L SALE R E B/ —INT7 5
TR L REMTAVINVCRHAR CEDLNAIE BT+ — <y MIiE> TS
HZELTCEEME TR ERT D, ZEME1I3LVH &=L BEE S35 &
FAEMLIACATIEND, k- AR L1AIA T ENZ EBUEFERAERT AV
NVCRHAFETED DN IZFER T +— vy Mo TRodki 4415t 8k 5%, N1/
—INTF TG 5D BRI REF KT R IR T2,



WO 2006/054698 14 PCT/JP2005/021247

[0033]
[0034]

[0035]

[0036]

[0037]

Exhibit 1004
Page 0845 of 1251

ZIT AL =TGN AT SDERFNTOWTEI T3,
<IN )—=FGN~A73DERA| >

6 (A) 1T~-1731a, 31bDFHIDEEH| THL~A2731chnRLTEY, X6(B)
iX~A731a, 31bDFE2OEHBHITHDH~A731dERLTND, X6 (A) IZRT
A731cld, |EA 3000 H302ITHATHvA 7R FFEI3128, v/ 7{RFFH312
O_EFIGERL CRIT DIV TR IREMR S O~ A 722y NI 5~ A 21
M311EZMZCNND, A /=T~ A7 3%~ A7 L&~ A 7 {RFEFI 3128
I BELTAEE D~ A 731l THILICIY, EH 3001TNA /) —F NV~ A2 344
FHLTHIME»DBIR T HEE BRI ZENTES, X6 (B) I8+ ~2731dik
AT REFR 3120 TEISER L T A 731153k b D ThH D, w173
1dTH~A731ckFRDEI R H D,

M 713~ A7 REFE 31 20 BRI RS Z R REKTH D, ZZ T~ A7fkF
3120 EERIC~AZ IR 311 %52 1T721%6 (A) D~A2731clZOVTRL TN
o BT (AITRT A7 PRFFIN3121T. IREFBAMR312alZ, H302DHERIZHA
> TR/ NEL 72D 7T — IR OBEFLIL3a% L 72b D TH S, X7 (B) 124~
FTA7RFRE 31213 PREFEARS 1221 AR OFFL313bE R L 72h D THh
%o K7 (A) DIRFEHEBAM 31 2al3HFE A 3000 H 3021 ANRE S THY, X7 (B
) DEREFR A1 2bITE AR OINE DBIFEDP/NSNEVIRERET T 5,

B[81, X6 (A) D= A7 31cDVAIREFRB 31 205 % AR T2 FlE R LT
%, KBIZBWT, (A)IXKDAMEERTDHVA7HRFAE312, (B) T oiEEE
FTHRATREFR312, (CITNDONGERTH=A7RFFHB312THD, ZDIIIZ
~AZRFFER312L L CTHEO KEXOHOZ AR THUEHEH 3001 A 5 D H 30
2OREZEIZASTBDERINTHILNTED, 128, K8 (A) ~ (C) 1T~ 7 LA
311 (A7 2=y ORECRESIIFTTHY, ~A 72 = bORRE R OISE
JE B BRHEL Rl— T 2,
<A )—=FGNTFIE B-OFsE >

W B00DA ) —F N~ A7 3% R L TEE LI/ — TN EFRENBAT
VA AZ21ICHEELIAT VA B R LB T D70, ") —F NV EFEERFIT



WO 2006/054698 15 PCT/JP2005/021247

[0038]

[0039]

[0040]

[0041]

[0042]

Exhibit 1004
Page 0846 of 1251

WS, ) —FNEFREIRIT S )= TN T TG B RREAR ARG T D, /31
—INTITEFIIT TG RERE42 TERSND,

FP. REEARAABDV Iy FOE DA ) —F N 75 71E 50 BARN 250 ik
FHEIZOWTHHT 3,

HOIXDV Ity MNA =T 447 — 2 & ET OB ADOT —F 7+ —< v Thd,
0~8INA DA —F AT —F&FeE T HIZEEL. 50, IS A MNIFRW=—FE, %
2~4 A NIID GREI =2 —R &, HE~INA NI —T A b7 —# (AUX) &
VEBLO~BLITA—T AT — &%, ZL THE82~8L#N T — K th R OGTIEA
DN BT 4T —BETekT D, 777 ERERIRAII—FIEL T3A ) —F)v
TR THNEAA ) —INTITGHELTLE ML, AL —FNT—R TR}
T (=~ =R ThHIIT) 02 I8 /192, ZEALIIIIKNTRTT —F T+
—< v DEBEAERT D,

WIT, FEERIEARAADFEG A DT 4 R DBE DA ) —FNTF71E D EARE
RECEFTIEIC DWW T 5, st AOT 4 A7L LT, DVD—RAM,DVD—R
W,DVD—RDIIRIFR AL —IE AW TREH AT 5T 427 L, Bluray Disc®
HD—DVDOISRF AL —F xR E AT 5T A A7 B85, ZZ TR
NODORGETDOT A AT ERXITH AT 5L CEHDVDE T AR E VTN 1/
—INTITEFEERETIHRAITOVTIHIT 5,

DVDEFFHMEEFANT AL ) —INT5E 55 BB THEIDOFHEELTIE,
DVDE T A& IZ 811 ADVD-Video zonelZ/ N /—F NV 7T TG BaEETDH
EREZ BN,

101233 X512, DVDHAHEDORY 22— 522 8] (Volume space) iE. Volume and Fil
e structure:DVD-Video zone:DVD others zonek/h>572%, DVD-Video zonel¥V
MG (Video Manager) VTS (Video Title Set) # 1~DVTS #n% ¥, nid2pL I
DFTE DB ThHD, TNENDOVTSIE#HT —# (Control Data) EVOBS (Video

Object Set) &% T, VOBSIZHEE D VOB (Video Object) Z&Tr, VOBSIT %L
DCELL%E 1, CELLIZ#H D VOBU (Video Object Unit) %% ¥p, VOBUILT
v s —ar w7 (NV.PACK), A —F 447327 (A PACK), 5 4 73»2 (V. PAC
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K) % & te, REMEETIL, VOBURNIZ NS ) —FNT TG B EGTeT — &y
7 (D_PACK) %2#%T %,

T 2397 (DPACK) 1L, 73w~ , /ryb~o &, 7T AN —AID, A —F
AF TV =GR, I —TA4F T —FER, A S—INTITIRHEE L, N —
INTFTEAG BT DI —T 1A T — A AT bies,

ZDIHZDVDE T A BN I T2 R TRA /=T N T I TR BEETE RS
T —457%v27 (D PACK) LT 8w 7fbL. MPEGZ EAL T 5, Zhicky, DVDEST
TR EOBHME R BN S, A —T A EHFDEDF —F AT — LI 535N
A )—=FNEFELETHY, EOF—F 471 —NRIYDEE DATVAEFTH
BDIMBEDD, 0T, TORN—TF ¥ VARG L DA —F 1471 — LSy
THEE TRV O E M FUZHBI 22 L8 TES,

DVDEFAHUEE FANTASA ) —FNT7F TG B ERTHHE20FEEL T,
DVDE T A BT BDVD others zonell/ S ) —FNTT7(E BhEET DS
HED3E 2 HID, DVD others zonelXBGLE HDOARIKD T — Z (ZBHET 2481 7
—HETERTHEBETHY, 2 —FF —FEEFEE THH S,

B10& 311 &% T IUZ 203D IONT AREfHE Tl —F — & Fedk ik
C#HBDVD others zone®DF — 4% DVD-Video zoneDF — & ik LHLI L 7= 4%
HEELTWD, M11IZ7T LT, DVD others zonebVMG, VTS, VOBS, VOB,
CELL, VOBUZRLZAE #E T ATV, [M111Z754DVD others zonelZI 1T 5%
NoDEAFREK10DZNERFFT B8, BHIZDEATLIZLFREL TN,

112341912, DVD others zonelFDVMGEDVTS # 1~DVTS #n&&ie,
FNENDODVTSIZDVTSI (Video Title Set Information) ®DVOBS &4 1329, DV
OBSIZHEEPDVOB%E &1, DVOBSIZT#EPODCELLL &1, DCELLITH 5
DODVOBU% & T, DVOBUITHEE DA —T 4 F T — LAY EF T, A —T 1
ATV =B AXIEA =T A E B O BANTA—ZRE DA —T 4F T — 2T
—HERETHERTHY, ZOF—F ATV — B A DO—OFERE N ) —F
N7 FINE F OIEREIRE T B,

ZDISIZDVDE T A B ITHEPLL 72 TDVD others zonelZl/ S/ —F 175
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TE &R T HZLIZEY ., DVD-Video zonelZ & EN5F—F 4 H{E 5 (3 A ) —
INVEFE B ERTEE DRTVAETT) &3, /=N 7T 715 B LN ENIZ B
Hirohs, DVDE T AR LD BE#MEERDRDBO, F—TF 4 E 50E DA —
TAZ TV —LERIBAA ) —INEFEHFTHY, EOF—T 4F T —LE 55
BHDAT VA E R THODPI31D, 10T, JTHAN=IF X BN AUEELE D
A —=F A7V — B TR IE XL O ORI T AN TES,

10, M11D5E ., FIZIEAZ —NRF U ZBEL CHEZ BREL CAR R &
BEEL TR A T I 2MICEETSNIA — T (A E B2 1 E- 138 oA —TF
AF T =B AYEL, ZNENDA =T 4F 7L — AL AL TEFRE—NE
WEAINT B, ZLT, FHEE—RERAICAAL ) —INTIIE LR, 1/
—INAER AT N UTERT D, A —TNTFTETEH A ) —INAER T
vhELTEIT 20123, A —F 44 7L — LB G HE— SRR 5 IS
TAHZENTED, THICEY, eGR4 % A THERIT, A /) —INHFE Tk
WH DOATL A EFE BEMREL TRESNLTWAHE Th->Th, HHET—RIC
JISUTH THR T D7 0AN—IF ¥ B 727DHVEZ Z@ENATOIT LA TES,
EHHEE—REROTEII DR LI A BT D BB GITATHIZE B LB THY,
FTE R FRd T DT &I IV AFEL Y,

F7z, EEHA44L U THIZ R B AR AT E VDA ThoTh, kit Ak
(A ) —=FNTFTE S DREGEREREERL ., RSN EFETOEFE—NE
HBETHILZIY, A /=T TREESNE FIE BEBIIL ., JaXb—r% %y
Y727 DOEE - REMEE BTNV EZ R NBOE FE BEHAESTDITLNTED,

SBIZ, MPEGRE DR AL T RO L BV A ¥ D2 — T — 2RI A ) —F
TI7ME BERiR T oI EZbND, —HILL T, Mgk O R OEE SR
THEEH B AV, REMOEH BN/ —T N~ A3 TEELEEFE
T T LT (B S A B M OB BRI BET OB EMET D, 20X
VR EICH . R EROBH BTN OB R OB EFE A~/ —INTFTE
BRETHIENTED, FHEFICHL O/ —IVTFTEBEMLTRET S
Z8TIY, A= INEFE DGR IR BROOHE FEBATHILBEELRD

I

|
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o ZOYE | B CIEET DB R Oy N — X DT EDE T SA
S=INTITEHEFLBL TNy bTF —ZE L TaET 5, #lZiE, MPEG—4T
BESNDEBEHTREAVSHEICIE, 2L A FYAN — LD —F 7 —Z 5 iR H
W, RINTRLIEIIRANSA ) —FNTFTE TR ETHIENTES, MPEG —4
IRHECTHESNSNT VAR —FAN — 25 FWDIGAITIE, T4 — T — 25K
(private_data_type) \Z/NA /—F N T T TG B FHIR T HIEN TES,

e BT — 2 ROEFT — SRR 7 7 ANV OB T A bES e T —#
ELTBETDIHBIE, EDT 7 AN F DG, /=T NTF7E Faitak
THINZLTHEVY,

MRS 7R AR AR B 10 LIRSt EfEic > W TR 2T/ T 7 —F % —
rMe AW TSBIZERPT 2,

ET. HEERA7IE, A7 S161IT T, M4 THRBILI-AIHERE D, SMEh~ A 7
e - 321 T DM~ A 7% A ) — TN~ A7 TR B S TNENEDEH
BB, ATy 7S151TTHHRE N A ) —F MR EESN TOBEH ES U (
YES) \ A7 7 S152185, A/ —FMCRESN TWALHES 2T HE (NO
) IS ATIIAA Y F Swl ki Fa~b VR AT v 7' S1541ZT, BB E 5L
GEALKE10INBEAT LA A7 210008 F 5 52 BT 5, HEm47IX,
ATy 7 S152\T T, #Hiekk 41238~ A 7 el 7 321N~ A 2 D75 7
BIFASITOBZEERIML QBN EDEEIE T D, AT 7 S152THR~ A7
BHGEI T-3212M ~ A 7 AR S L QOB HIESHAUE (YES) | HIAIT471:, A
vFSWIEBTb~EGE X, ATy 7'S15312TC, Mg & H i Sk A % E 10112
A =IN=AT3PLDEFESERET D, AT v 7 S152TINR~ A 76
32T~ A 7 RSN TOHEHIEESNRITHIE (NO) | HlfEEB4 7L, A A
FSw1EUH T-a~LHVFRZ . A7 S15410T, B F it A EE 10113M
AT LA A721 000 FIE 5 E IS5,

I, AT T S1B5ICC, HATERLIDPLOBURIE AT AR S 12R DI
RUROVAEVIC— BRI L, /SA ) — IV~ A7 SETINBEAT LA~ 72105
DEFEBEA =T AA - SALE 22N DR LAV ATV —RFEE 5, 2T
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7S1561ZC, BT A AR 1 203G E S AR LU A —T 4 AR ik 22

BB FETER LTS, Ty SIETIZ T, HEbMBE B2 T AR 5Li12
NOKIRUIRN Sy 7 71— R L, & 5L E 1R SaA—T 128 522l
DBIRUIRN Sy 7 7 I —IRFeiE 35, EbIZ, A7y 7’ S158I2T, 777 WA
A1 3A /=T N — RO EEHIBERBAT DRI E ST, ) —IN T F71F
FEART D,

ZLUC, ZEAEL31E, AT Y7 S150 T, F AL B LB B L g FIE 5L
NA)=INTITIEELEZ B, ATy 7'S160ICT, "y MEAN — M55
BT D, 508 B 1413, 2T Y S161IC T, AU —AME S
BRI D, AT v S16212T, BT A AL 1284 — T 4 A SR 2 2135
FAET REBRGE T LEFRE T BHLHIEL., F b T ~ERBE 5L EFE
FREEHLEHESNAIE (YES) AT 7'S15621Z Y, UL LOBEMEZREVIRT, A
T o7 S162THR AL T NEMBE B EFFE R EEHIEHES 2T IE(N
0) . HEH 735,
< FAEBEE>

BI3IZHY ., Mt FRdk A S B 101128 T D B ABMEIC W TR 5, X3
ICBWC, BETASDRIR LW ARG B BES D &, Frdsk- AR 141
AT ORI LY, FEEREAR 44 FEgR SN IR B ChE L EIME T A M A
T, ik P14 THAESNZ EBE S IToBE15IciaSh., SBEHE
HISIIA N EIN-Z EILE B 2R S LB E T L/ L EFE T M/ —Tv
TR BT D,

T LS FI3e T AE B (27 A ) 161ck S, kg s1E
FIEA—T 4 A SAGER (3 — T 4 A JLBER) 26146 EN ., A/ —TNT T TG
AT E R 36 IS NS, BT AE LI 161 XA S S RF S kmk
BAE BR WALl THHBIE 55155, FAERS L BRI ES T, IS4 7 Ol
ICEOAAYF Sw3HE ThicBIVFAbN5, BT A HZ 16 LV iSh ik
A5 FIIFREL 7T TRARS WA LI, B T-37a% T L TE=4#521Tfit
BEIhTRRSND, A —T A A EBLE 261 AN SN F B LB FE5a2E S
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{ELTEFE TE2E5, HHE T3/ uRb—rF % BT 27 AT Sw2D i T-c
~eftrEh g,

IUARN—IF X BF271E, A ) —INEHE SN EFE 5E2AL—53, 54T
HATABICRAET D, EADAL —H 5405 FSNTE S A2 E 59D A M
DHTEZEEEINSHE 1D IR~ 153 HMDAL— 53R ESNIAE S
D BEABIDEMD B TR EESNDHE 207 AN— IR L EFT BT 20 DfF
BERARLTEFE BN 228107 uAN— 2 WG B 5 L5, 757
TR 3613 B LR 1 5 TRONTIZNA ) — TN T T TG H 2R D, il
AT 7 ERBUFH 365331 ) —F N T 5T BERRFFL TODRENITE
TRy F Sw2E VX HI#E T2, Blb ., 77716 BBFEFR36 5331/ —T V7T
TREFEHRFFL QOIUZ, Ay F Sw203 i A8 L C/uRh—rF %527
DD Y AN 7RG B % 75 L 8 -3 7bIZ R U CLL T2 L5 I, 31/
—INT TG BERFFL CQORITIIE, Ay F Sw2h i el Bl T —F
FHEBAEE 263D 7 A R—Z LR L TR WS FAE 52 % 75 8 37blsxt
LTH 5 X514 5,

BRI T-3To kW 1Sk, 7o 751 CHIlEEN -5 G I3 ER DAL —
7153, bAPLREEEIND, B MM T-37Tb LN 1SN 5 E G B/ aAb—2
FxET727TbH IS era AN BRE F08E i, HEEE 59T, T4
S2ICFRENT- Mg % RIR3 0, ki B 3003k AT > T B O HRE & 300D 4
S EHEOHHEFREL TZRETAIEN TED, ZDEE, JuRh—rF ¥ &
F270%, BN TSR EEEE AV IR S AT HHELCHEOT
\ B 00 L R SOL B AR DA TH, (LB OHEH 30003 L TEED
HIEE SIONRIE T DL AT, BIRDIFLAL R VIERROBHE FEZETD
TLENTED,

B ARG AR 2EE 10 LIZRIT A FABMEIC DWW T3 R T 7 o —F % —
MW TELIZERA T2,

BI13IZB\ T, ATy S181IT T, sk M AEM 1M EEIk44% AL, £
BILEFICESWIZAN —ME 5215, AT »7'S182IC T, fifk- AR 141X
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AN —AEZEHE T L OV yMEBEER TS, A7y 7'S18312T, /L5
N YMEBRY T AE T A —T 4AE 5T A —INTIFTEEF AT D,
ATy 7 S184TT, BT A SALEBL61IL T AE B2 E 5L, A—T 441 51k
2614 —F A B BB D, A7y S185ICTC, BT AE L 164 —
T A AR 2613 B LI T AHE B A —T 4 AE BERURLRVV Sy 77T
—IRFRIE T %, A7y 7'S1861ZT, 77/ tHRIIGI361I A/ —INTF 755
EIRT 5,

ZU T, HlfE4A7iE, ATy 7' S187IZTC, 77/ {ERIAHR 36 B EUfF L7231/
—INTITE RSN, HELES —T A E BB EHE DAT VA EFE R
THBENAA ) —INEFIE B THINEHET D, ATy S18T T A ) —FNE
FIE B THHLHIELI-EEIZIL(YES) , AT v FS1881285, AT v 7FS187 TN
A —=FNEFE T TROEHELZHAIZIE(NO) , A7y 7S19112#9 ., il #IE8
A71E, Ay F Sw2E i FclZiVFR T, BT AE B —T 4415 52 RIS fAE
FHIO MK EAHET 5,

A )—=FNEFEETHIUE, A7y 7S188ICT, Hil#47Ix, Ay FSwaE
Ui T AIZEIV R R D2 LKV IuARN—IF v B F2TIZH D7 uAN—TF 3 2L AL
HEE N RIRREL T D, AT/ S18CT, HlfHHRA7IX, ©F AE H&raAb—2
F o B T27IC Lo TR0 ¥ BV 7oA —F A2 B2 R M A
BIOEBELZHE D, AT v 7S190I2 T, AT NECTFHE S LA —F 14
ERBNELHHLHESNIIL(YES) , A7 w7 S1821ZRY, YL EOEEL#EVIE S
o AT YT S190TCHAET RELTAE LA —T A AHEERELZHLLHES N
FAUZ(NO) | ALFRAAE T35,
<TaRN—IFx N >

TZT, K14E AW TIRAN=2% % BT 270 BRI R BRI OV TR
T3, M14UTRTINT, T0AN—=I% X 8T2713, 74VH272a~272d, ME
28274a, 274b, 7 4)V¥275a, 275b%fif 2 TSN T3,

B1AUTRNT, A/ =INEFRZOIBET ¥ FNDEEP (7452
72a, 272bIC, HT X HRNVDEEP ()TN F272¢, 272dICATISND, 74
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NE272a~272diI3NRIC, Bl FDIEMEERISh (0, h (1), h (1), h (D2
BESWTHERLIZZ ANV Z R (7 0V 24250 2 FLBL CWD, 74V H272a, 272d
TR (1), h () LAEOTVIREE AL TRY, 74V5272b, 2
T2 TBEMAERSh (), h (1) ZNEBLIEOLREDTANIRHEEH T2, {E
H b 74V5272a~272d0O7 4V SRetEEh (1), —h (), —h (1), h ()&%
AT Do TANVF272a~ 272413, AJISNAEGP (1), P (WIZENENDT A/
SRt a 52 5,

IMRER274alIT7 AN F272a, 272 ISNAAEZEZMEAEL 74N #275ald
MRESIAZHITA (O RDTANEFHEER 52 D, IRER274bIT7 4NV Z272b, 27
2d0 B IIENBIEBEMAL, 74N F275b MR SIIZE Ficd (t) 2257 v
R xR 52D,

TIZT, T4NF275a, 2T5bICRUBEN TWDE 74NV ERitkd (V) 13k (1) KT
D

dt)={h () xh (t) ~h () xh (t) J7 ()

TANF275a, 2T5b0BIH IENDIE FiX, AL —H53, 54DLREINDBRITY
BAMN—=I053% Y BNV ENDES | TaRAN—7 %% B VAR S S TZ TR A N—2
WIS HThD, 74VH#275a, 27500 b 1SN T AN—Z4L3RE Bk, 7o
BLOEF ¥ RNT 7 BlabfiF ¥ RN T 7 51bTENE RS L, AL —
7153, BAMLREIND,

A=A 53NLREFEINTAZ T (F ) IIHEF 9D E B TR dEIz, %
HENEBO—HITHRICORTE LD/ A= 2{F 5L THEBEES9D G H
TRHESND, 7ORAN—=0F % BT 2713 HEE 59D A H TSN B 1D IR
b1 BETHM T2 DFELOI7aAN—ZFTHUE BE2E L TAL— 15400
RBEIEDL, B1OIaAN—7FTTHUE S IZEVE1OIaAN—2E BIIFTHIES L
5 (WBEESID) o RIBRIZ, AL — W 540BFR G SNTAE 5 (5 ) ISR 590 F |
TRishalic, BRESNZE FO—HITBHRICCTRTHE2OIaAMN 755
U THIEE S9N B CRESIND, VOAN—IF v 27271 3HIEH 59D /L B
TSNS HE 20/ uAN—IE B 2THIH T 2O D20 70X N—ITIHUE 5
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EAERL TRE—H530 bR ESED, H207/uAM—IFHUEFIZLvE20 0
Ab=2MEFIFTHHSND SN D), /e REL T, HEEE 5913 H T/ R b—
IR BNSNIE TR BP () XML, HHT/RAP—I 3% v S
THFRELP () 22T 2.

< SHE= BB O WIE >

X 15% AVT, 740F272a~272d, 275a, 275bIZk#N4 B EEE 5= R4
M5 3KR D 272 DI ARSI E B 6 IOV THM T 5, 151/ T8I,
BEEAS R E 6L, =T Aar B —461, HIEER62, AL — 163,
~A71=wh65a, 65b, MfFEFEEIRG5e, HIEZR66a, 66bE 2 TSN T
W5,

B ZEREDORE FEIZDWTRI T2,

FT, NN —F6 LTI B ZIEA L SNV ARE XD B B AR
55, WER S IIHER62 THIESND, ZRIDAL—A63hbRESN-HIER
FRERDOVA72=9065a, 65bTRHEEND, ZHEL TRLNERDE FiX
HIEA366a, 66b THIRXI T/~ )Lat’ a—F#61IZ Ashb, 2O ANE

FIEAL—H63BFE SN E & MR ARG R6 5 ICBWf T b ER D~
A72=b65a, 65bTRELIAR ZOBEMRER N (1), h (1) TDD, FHHA
B (1) FiEﬁ'J@Xt°~756375>f5%%é2}’bt{n7:77))75@']0)74’71——/1\65a“c
xﬂﬁéhé%&ﬁf%b BRI (O)1FAEMORE —7630 bR E SR
%zﬁ§7ﬁ1ﬁﬂ®7/fﬁﬂ-:‘yl~65bTxEﬁ£éﬂ’L5&nXl\*—7ﬁk%®4’#@T&)éo

FIRRIZ, HRIDAE —H64hbF E SN EE BT EAD~A72=v]65a,
65b TR HEIND, ZHELTHELNIZELDIE HIIHiER66a, 66D THIESNT
ISV FN AV 2 Z6LIZATIEND, 73—V N ar o — 26 LITAER L= HIE
BRL2HE LG FLEETAZLICED, AL —H64 R EFEIN-EF 2 M
B EAR65e I CBVANT b EL D~ A7 2=y 65a, 65b TR ELIZIE 5 DIH
YRR (1), h (1) &R0 D, BEMAERED () ZHMDOAL—16425
%ﬁéhtﬁmbvmﬁu@v/rﬁ: /b65bfxﬂﬁén6¢#rif%o SEHERME R
h () EAERDORE—H649DFE SNIMFHIEMD~ A2 2271652 TREES
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horazxs—2 5y DRHETH D,

B 16% AV T & G AR65e W T T 5, KI161238\ T, (A) XM
g iER65ed EEX. (B) 1M S EEIER6SeDdHHRIXTHY ., (C) T D=
DRTVDWLEI—~y N A7 DWaX Th o,

16 (A), (B)ITRTEIZ, MEREERESeDREICIT~A72=y65a, 6
5bA3180° HERILIZIREETEASH QD ’IARDESZ, (/2= 65a, 65b
XHN RO HEZ AL TR, w722y h65a, 65bDIXRLZRVMEEIRIZ
M EAR65c DRELIZE—E T HEICRES T TS, —J7, K16(C)IiT
RETEI=~yRvA27691%, A THH691 DRI HATE41692a, 692bL H
W693a, 693bLEAfx, Hiti693a, 693bDBREIZ~ A7 2= 694a, 694b%
27D THD, ~A72=1694a, 694blI N DEIEDAT B 2R Y T AA7E I
RToNTEY, ADBERT L5 ICEHTEFESE2EETT2HOTHD,

16 (A), (B)iord HfEEEER6 el BOfHF bz~ A7 2=y 65a, 65b
DZERET. AEN TN TRESSBIRBERD H A HE LIV B2 b
Rtk 2O BE 2T ALK | BEEMEER 2 3 AT L3 TR AR TH D
o AE =63, 64MDFE SN E WIEMFHHEER65elC LV ERSNHIHOD,
M R A6 5 el > CEHTL Cv A7 2=y F65a, 65bICEIET 5, v/ 2=
vh65a, 65biTAL =163, 642>0LFEH SH CEHER|#E I HH B LM EEA6
SelZiivo CEMTL CRIET 2 WL L0 DRI Z 352 LI/ D, MfFmEE
K65eZ IV HZLIZLY, SEHMARTHER R A A T 2B S B ER BT
PCED, 0T, BHEI DR ESOMRAS RARV TR R R M A3 272 DFE 4 DHBR
FDAA ) =TV EFEHFEZILU T, EEDIZEAL RV EREROBLE 5
ZHETHILNTED,

17(A) ~ (D) L., BrR OFEE FAERAHE R EEB OB R EL AL N AE
12, HEE SRR E B 61 L > CHIE L7 R R 6 5e O BHIR 5
Fa'%‘(hls (1), hlo(t), hrs OF hm(t) BEIAENTA L 7OV AR BRI 2R LTS
o L7 (D) IERTBRD (1) KR T 74 Z R (1) 2R L T0B, K17 (A) ~ (E)
(ZIVT, MEIATE D ) FBE CTIEFULL72(E S EBIEOIRIEZ R L, iR
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ESNTAZ FEASKHz TEALLIZH A OV PN OB S TR LR Z R LT
W2,

K18(A) ~ (E) L. K17 (A) ~ E)NRTHE 5&27 — ) =ffAr L CELILD S I
BRHEERLTOD, K18 (A) ~ (E) 128\ T, 100Hz, 1kHz, 10kHz0D &5
7 B A BARRORER T/RUTEY, B OIS & RFPEIZ BT 52 0 DR OB O F]
H#£1X10dBTH D,

1407452722~ 272dICHE, B EDICL TRONBEMEA RS (1)
b (1), hm(t)’ h O EDWT A NVERHER B 2 BB, RIRD I, 740
5272a, 272dICIIBEMAERE D (1), h (OIS 7 OVIRHER G2 DH
\ TANVE2T2b, 2T2ITIIBEMAERIS . (1), h () EBHERHEL—h (1), —
h (O IZRY T BT NERHER B 2D,

D= | M HAEER65e lCIV ) o~ A2 222 165a, 65bDRHVIZK
16 (ONTRTH 3=~y R A269% AW THIE L= EEAX 19, K201275R7, X
191K 7L RBRICHIEL THRONRHETH D, K1 7L 1925 L3 ne
HI90C, MFE AL R65e Il iT 72~/ 2=v}65a, 65b%F FAVTHRIEL:
AL OVASEWTGNE =~y N A769% AVTRIE Lo A VRSB W
F0b BIERAAINE T CHBAL RNV AFITEW KB Chd,

20135 3=~y F=1769% AW CTIIE LT B LIS E RETHD, K18L1X2
0LZ BT NI D235 DI, MFRIEEAR65e I /e~ (272~} 65a, 6
5b% AT REE D 75 238 B B DO T 2 hES IV, 120 (A) ~ (E
NERTENENORHEI, 1. 5~TkHzOD FFEEITB W TUSEREABEia SN 7
DWFESINTZOL TS, K18 (A) ~ (E) IR T RPED T7 A IS E R DHETE K U
FEOREN/NI, 2N R &G R65e BT 7o~ A 72 =652, 65b%
WG AT HARA BB I IV AT AR DELNLAS RN 2D Th D, FI—~F
“AZ69TIL AL — W63, 64XV RE SN EFHRO—H R HI/TRIFL T, K
L7 B EE R D E W LS FM CA RS TS NZ) | iR CA RS T
BHELIZDT D, Fe, S HHE OB KRR 8 OB I B E O JH M HTH
BENTZOBEFELIZY 5, MfEREGEE65elc () 7z~ A272=>}65a, 65b
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ERWSZEIZIVF I~~~y R A2769% Ve G B OIS RERELMA DL T
D,

JURN—IF BT 2TDTANE2T2a~272d /e T4 NZ 2T 5a, 275biZ, H
T EAEE R 65l TN T e~ A7 2= 65a, 65b% VN TRIE L 72 B s 2R
BITEADSW =T AN E R BL1DORMEL T D) & FI—~yFvA 76 9% AW THRIE
L7z SHEMB RIS SN e T AV E LR B 2 (BE205M4LT5) | HE ORI
FICEDWH O EAHIET ANEAT ol HLHE O HBE ISV VN~ A 7 2R AL,
ZFON~ A7 TR EESNEE S IV ZREN S E THHEL Tt
HEL=,

K211E, H1OEKEME T, HARFELIZLORE L7 FEERL T, K211\
T, (A) i‘iEﬁlJO)J\jJ%%PL Q) ZAL 7 INVARE G, HﬁIJO))\jﬂ%%PR(t) ZAE(E
TELTARE =53, 54bRESE, HIEE DL HICEAE LI/ NI~ TR E
NIAV SNV RSENE BOWIETHD, (B) i (A) LRICEHTRESE, HEEE O
FHIZEE U/ N~ A7 TR F SN0 R NIy O THD, K21 (A) T
ERERV AN DAL 7 NV ASE BRI BFRDI, K21 (B) TIIASRL -~V OEE
PRONTND, K21 (CHIIE WO WEHTHRE R THY., Cald (A) DINE
W% JE W BT LGB LT, Coid (B) OIS W2 JE W Lot
ERETHBD, 100Hz~2kHz T20dBEM A D7 mAN—=7F v BV R IL
TW5,

EBIT, K2LZBWT, (DYEMDANELZP () ZIE S FROATIEEP
SOEAVAERLELUTRE—H53, bAPLRESE, WEH 0L FICEA L
N A G E SN OAN—I S DG T D, (BE)i1Z (D) LRI TRE
¥, REEE OF B L2/ N~ A TREINTA L SVASEOW T Th
%, ¥21 (D) TII/NSRU ANV OB FLIL, X221 (E) TIERERV A~V
FOVARE B BBLI TS, K21 FIISE BB O EE TR THY. F
di% (D) DIRE WA BB AT UTRERAECHY | Feld (BE) OIS W% JH B
BT LT B R TH B, 100Hz~2kHZz T16dBRE DI mAN—2% 3 &/
BRBP/BLNTND,
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B221%, F20&MAT, K21 EFEUHBEEIZLVRE LAt a2 "L s, JlE
LEIZKI21 L F—Th D, K22 (C) DZaRb—rF % A3 RITHK 14dBTHY,
(22 (F) D7aAR—7% % B3 RN 1 1dBTh D, 2054 THEE1O%ME:
LU TR DS > TODBI LB 5 h3%,

231, K21, M22 TR HHEHLL., F1OLMFITTIK21EFR—DORES
B TRIELZRMEE R LTS, K23 (C) DZ7uAN—rF v B A BIRITHI22dB
THY. K23(F) DI/aA—rF % BRI 18dBTH S, HeHHHEE Th
> Th RAF R AL TS,

B24iZ, 23L FICHBEE T, HE205KMIC T 228 [ —DRIE SR TRIELZ
BEERL 5, [M24(C) DI/ AMN=IF %A RITN14dBTHY , 24 (
F) DZ7aRh—2%¢ w3 RiTHKI10dB ThHD, RARDHEEL ThHoTH, H20
SETIEB1OEMG LB THIENS - TQODIER D DD, SHIZRRD L
(CEOERROBPEZIT, BLOSEMAELE2OLEMZN T T LRELRROZ RS
BoNHZ LB LT,

P EORERFBRLY, 70Ab—2F% v 8T2TDT A NHE2T72a~272d R T 4V
#275a, 275blT5-2 5T ANVERHEIL, ' I—~y N A2769% VN THIE L7565
BEBEEICE SN2 T AN H RIS MR AEER6 5l BT v A 7 2=y
~65a, 65b% VN TRIE L 72 BHEMR B BUC E DN e T A VBRI D T35, RO
AL —ADDLFE SN THRMO B TSI D IR b—T iy ERRIDOAE — 1736
RESNTEMD B TRESND70AN—2 B2 T b T HRBRE N0
iz,

MR EAR65elC IV IT 7oA 7= 65a, 65b% VW THRIE L78HER <
BEBIBUTE AT ANV ZRAECIE, @SR C O R OELN D72, Bl
M A TS R65e % IV VAZ LTI | 77 O B B0 7 TS RS R &L
BIAATEY ER LT T HZLa DT HZENTE, EEOHLEMB IR HTEH
CTED, ZAUCEV BRI A SEEE R D L2 R D5 E 2 I
THZENTREL 2D,

IUAN—T% 0T 2TDTANE2T72a~272d R T ANVH2T5a, 275bIC 5 %
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L7 AN Rt E T ARG R 6 SelZ AT e~ A7 2= 65a, 65b% VVTHI
B LT BB I DN e T AV R L LTB B 21T, 7 AR—0F )L
B A —INEFE BEZET HEREOBIER THOMHBEE 59N HEAY O T
BB TITHZ LI D, T2 T, HAROS Bl O F B D B2 DE B DO BRBEH 59T
KU T RAN—T B OF LA B RIS NDHTLITR2D,

728, Mg R65ell w22 MR ESh A b O TIERL, MR E
FERSEIIBRTHoTHE, HIr 0N HiER2E 13525 X2 E Rt D 2
{b% 52 BN 2 SRV RRET 2ONEFELL, MfipEE#65elcvA12
.=y h65a, 65bE VI 7o RIE TISE R DELNE S D IR NZEBAFEL

IaRN=I% ¥ BT 27K 1AL R THERICIRES D Z 8134 ARIBUE B
HIR AL RRAEO IO S LT LN TELHIRD B D TR N— %%
EFLLTHIW, HIRYER O/ aAN—2F v v T1E, 2 WEAEHROE B2l
TANEND A )= TN AR F A AR W ECHROAE 5 & v il 8 e o
DIEFLITHEIL, T R8BI D A ) —F N5 FICRH L TOHRT AR
— X%V ABEITOHD ThD,

B 251k BT DI aAN—2% ¥ 2T 27a% R L, T OEREBEIZ DV T
9B, H14URUTZZBAN—0F% v BT 27 L [F—DRERER A T DIER I
EF—F5E2ML, ZOHNEEKT 5,

251283 IDNT, ZuRM—IF% £ T27ald, KM14DIuR M=% %527
LHEL T, u— S R7 4V F (LPF) 271a, 271d, NA/RA7 4% (HPF) 271b, 2
7lc, ¥BIESR273a, 273b, FArarha— LT 7 (GC) 276a~276d, MK H2
77a, 2773 EMEN TWDRTHREL TS,

IAAN—=IF BT 27l AJENT S ) —INEFIFEEDIG | EF v RV
OfEFP (D) RLPF271aHPF271bICAS S, BT ¥ R OfEEP (0)IELP
F271dEHPF271ciC ASSHUT, B E BB & b s d B Sl s s
o LPF271a, 271d¢HPF271b, 271cDAy 7 JE# 5K1%100~200HZFE 1T
REIND,
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HPF271b, 271ckV i hshichmilf s Bt o 5%, 7axb—rF x5
27 L AT S ND T AN Z 27 2a~272d NN 5827 4a, 274bET 4NV Z275a,
275bL LV BAEIEE S CO/RA M=% ¥ L BV S D, 7R N—7% ¥
BV RS ATz s B R DfF B S A= b — VT 276D, 276
CANEN, FAV DB RESNS,

LPF271a, 271dd0 ) S 7- AR Beoi: 18 H13BERR273a, 273bIZA
HEN, T EIRE R EAHE O BTk 5 7 AN— 7% L) VIV E§ DR &
IS FRICKRIE T BIES D, TRIEZR27 32, 27 3bk Y H ST KR 3 B0t o
BRRsfrarha—n 7 7276a, 276dICA IS, TEBEREGROE L
DL ERRLIRDIDT A B3 fEES D,

ZUT, MEER277a, 2770iL, A2 ha— LT 7 276a~276d05 H /1&
TUTARIR B B BoHs D5 5 & it JB e iy A5 B- LA MAL S5, MFER277a, 27
To O S AE i, PEEE B O ST L T AR rF X
N ES T2 70 AR— 7 BYE 5 Th D, MEER277a, 277bh b T1&E7
TAN=ZALBRE BN, TV 7 B1DEF ¥ PNV T T 5lal i F ¥ RV T 751
b TCENZ IS, AL —H53, 540DREEIND,

TOR 25 DR THE | ARBRE BB OIF BTkt L TiIy e Ab—23F v 2V AU
DSFES LR 28 | AR E S0 T RO\ ME B L L THAS WS,

B 14R T I uARN—IF %2727 T, B DK 21~ 2412 THRIIL72XD1C
L IRRN—IF X BT 2728 BT OAN—TF ¥ A RIT100HZ LT Tid+47
IZADIVTURV, 1T00HZLL T DARIRJE BB T E IR D BN 5 R DB D73
WK CH D, 70RAN—2%F v AV URVE BIIH DG B EL GEREE AL
TEHESHTLED,

X 2512”4 7 aAN—IF ¢ ET27aTiE, 100~200H 2L T AR I8 & 3% 5ok
TIBRAMN=IF X BV EITOROWINICL AR E B CHRE BB ELRVE
NI aAN—=0F% X BT EBL T,

B261Z, 258137 4V Z ORI D Fa70 5 A ROy BB D e A h— 2 3%
¥ r¥T27bE IR, FORREBIEIC W THB T3, K251/ LIz7nAN—2%
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Y25 27al Rl —DOMEREEH OB IIR—/F &ML, T ORBAZE I
KRR

262" T 7 HAR—IF ¥ ETF27biL, KI26D I aAN—IF 4 BT 2Tal i
LT, TANHZ272a~272d R T ANHZ275a, 275bDRDVICT4NF#278a, 278
bR T 4NH279a, 279b% A2 DR THIEL TEY, R AFIELRR- TS, 7
OAMN=7F ¥ 2F27al 3T AN F R EE T 4 — T 4D —FRIOFIR (finite impulse r
esponse : f BRA 7SNV AIRE) FE CRELL TODDICRL . 7HAMN—=7F %2527
bIZTZANZ R AT 4 — R\ ZTIDFIRF THERRL TV D,

B[261233V VT, HPF271b, 271ckV &z mlk & s 8o 15 514, FIR
D74\ 5278a, 278b, 279a, 279b K UNHER274a, 274biZEo T/ AR~
7% VBB SIS, MRS E R E 6 TRO b7 4V Z R
L T4NHF278a, 278b, 279a, 279bNDKRUARWGLIEEBICHMS L, 7407
278a, 278b, 279a, 279blI A IENDIE HAZENEND T AN Z Rt B A A
AT B, 7uAN—7F v 2T 27bic XA i E W R CWiARlE BavE
C2WESNC U CEFBRABI T 52V R TI/RAN 7% ¥ 27 27al FFRDOIE
IRETET D, H261TR- T IRAN—IF ¥ BT 270D H AR 251" 7 AR—
7% 2727al OB M7 AN EDREEDIR<THTLNTE, L HIRAL
TED, 728, FIRBOT A ZDORDYIZIIRH (infinite impulse response : MR-
PSIVRIRE) DT ANEEFNTHIY,

B3I R FRERUZIBNTIL, 7R b—7F% %2527 (£721327a, 27b) Z Al
47 LIRS LTS, Hil#EIER47 A DSP (Digilal signal processor) Z4# % 72<
Ara7rayYORFIIE, JaAN—IX ¥ £T27, 27a, 27TbDOHEE Tl HIER4
TICEATERTHEN, Fe, 7uRb—7F ¥ EF527, 27a, 27biIN—F7 =T 2R
EBEINT, VM= TIlE > TEBRTHIENTES,
<A~YRT7 4 FAE>

LTAT, HBICAT MG E F R AZEE 10 1ICBWTiE, A —T 4 51k
W26V IENDEFIE B2~y RT74 TORZETEBINCL TND, /A /) —F
NEFEFE~YRT7+ TR 5581203, BiRUL727aAb—2 33 AT
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T EHRFUTRNEEE B THY, S LAFELLBRWe) A —FNEF(E
FEANYRT74+ TR T 558137 AN —7% v VLB A T2\,

[0108] #Z T, KBIZARTEIZ, A—T A E LI 26 LV HENT-EFE R4, /n
Ab—=I% ¥ BT 27N T HILBREF W T-37cic i 75X51ZL Tna,
A T 3T b I 1SN T EFE B~y R 7 4 65~ ik s g, RS

BIFRATIR DI/ BAN—I %4 BT 2T IV ) EN T/ mAN—J4LERE 52 A
—H53, bAZL - TRETHILLTEDL, VTuRM—IF ¥ £ 7271250 %
L QR WE IR B R~y R 74551k TR T A ELTED,

[0109] 27ZMWT AL/ —=INEFETD~YR 73 55 TORAETFIRIZ OV THN
T5, K131/ T 7a—Fy— e/ —DNUBIZIIF —DOF 552 L, D%
BMTHILET D,

[0110] K27ITBVT, A7y 7S181~S186E TIEK 13 THRIALIZEY THY , ATy
S192IZT, ~y R 7455 COBENEDEHIET D, ~v N7 4+ 65D T
THHEF N T-37ciZ7 77 BRASITOED3% AR L TR EESERR HH S
& TR HIEEV, AT 7S192 T~y R 74 HAETHHEEIESLAIUE (Y
ES), A7y 7'S1931 T, BT A HICTRIML Tr/rRM—rF % VLB & 1T
RS ) —=FNEEIE BE~YR 74550 THAL T, A7y 7S1901085, 72
B, BELLEFEZBAA /=N EFE T TIIRVREDRT LA E RO
HRFRICA —T A BLEI26 LV L IS I B 5 1E B &2~y R 74+ 65ITHEHE 7
gl AN

[0111] RTFyFS192TAYR7 4V HAETHLEHESNRTIIE(NO) , K13LFEE, A
T 7S187~S190DEFTH, A7 7 S189TOIMIRT, A7 v 7S193TD
~YRT 4B RO HANIRLII IR A ) —FNEFIEFRAL—7153, b4
I THAT DA THD,
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OB OFEREAR A4~ DFEFEEATHZ LI I | HRBEH ST A 300
ATl BRO G M OB AT 22T DTENTED, LTAN, B OMBE =L
Gk AR ZEE (BT A 0 AT) IC XV SN DBRIT A ATHITFTHI60 B DHGIH OBt
THD, A—LRELITHHAITITIDITHRWRE A TREINS, £ZT, A—A
WEEITIEAITIL, A — LT vy T ENTE G RO P LR EENDE FEHEIEL
THEETELILNEEL, F20ERBHREIL, ERDRA—LT vy 7 ITHFHT,
BB EOE PRI CHESL G T AT LIZL O Th S,

K281 8 200 E M HE T BE T DR — DIVERE A 2 7= A 35 7 S gk P AR 3
E102%77L, ZOMRREEBEIZ W THB 5, BISITRLIZH 1 DR IER BB
Lk A LEE 101 E R UHRE A T 2B I iEm — R 521, 20
IHE AT, Mg 7 Rk A B 10213 M85 TR R AR B 101 L LEk
L TE AR — LB 33% 0 D R OSMHIEL TUVD, 723, K28 TIE, ~yR7+y

55~y R 74+ b5 T ThHE 7 H i F37c DXIRZEHIRL TV D,

2812\ NT, SN~ A 7 HERE 1-32% ML CA NI END A ) —F NV~ A7 30>
HOHFE BT EFA— LI 33T A END, DATHLUTEEOL A (X
AT EER. —EIIER OV XS TL AR A AT 5281
Ko T ENRER— LTV /H T T HA— IR AL QD BERA8IZ Lo
TR—=AT v BER RSN L, HIHEATHDR—5T v 7 HIE B3I ATH 11
WCANESN T BB LTy TSN TRGSNLD EIT, A= 2T 7 HIEE 5
DE A= DA 3BIZ AN SN TANSNIEFE FIZH L TERDOR—LT
o TR EEID,

TR A= DILER33IE, A— L7 v T HiEE B ST, A —FNETFE
FOYLE FRTENPLIEEONLHE FE BEE< G HREAL 300D ETETE
FEINLIEFEFEHBL CA—LT v/ EFEFEEELT D, A—bT v 7 EH
BT IR YT SWIEN L TH—T AR AR 22ICA &N D, A—2T7 v 7
ENT B GAROMRE FIE T A S 12 CH SIS, A—AT v/ EFE
TRA =T AR S22 TR S-St BB 1D KM R LRRICTEER 44127
gana,
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29133 7 X — LU 330D BARM R KA Ch D, K29 3T I3, B
R—DALBRER 331, R — AR ILEE331, A I%8332, MAEE335, AIZE
HAERS337, MI5iA3338a, 338b%&Ai 2 THEEREN TUWNVE,

29128\ VT, A— MERR AR 33 LILHIEmA 7T G SN A — LT > 7 il
BME 5% BT A —MME RN T 5, R IER33 21T ISR — M RIT
SR U TG R DR DRSS H OMBE LR TR o ZH T2, A3

AR~ A VB T- 32K AN ENTEERF ¥ RN DA )—F NV EFIE R
BN 5, FIERIERE337INAZE3350 M I8 B2 A5 HE83320 0Dk
B o \THo THANE 35, MNHE3338a, 338bid, AIZEHIERR337OHME IR
ENE, HF v RNVONAAL ) —IFNEFEEZEMRT D, A/ —FN<A23D~
A731a, 31bEEEH300DEL D H302123EE LR T~ A731a, 31bHD
EEHRITETETAT RS, EE 300D LA LD FHITENMTEHORSY
EELILNHDIDT, MARIISTOEAT X FNOMEOFER, £H 7D
LOFFITMAHIHAZREN THET D, (E-> T, FFA— LU0 0IE., #
A 3000 EFH CESINDE FMHRSNEA— LTy 7 EFEFBR I ISh
BIEITRB,

X 30% VYT, H A —HLERE 33 COEEL & e ridk AR 2EE 102
DEEIZ OV TEBIZHIA T, K30V T, A7 v/ S201IC T, M AE3351%
A =T AT 3NSDIERTF %L FNDAL ) —FVEFE SE2MEL TN
135 SEMD, AT v 7S20212T, A —MMEHK ER33 LIIEEEA8 DEAEIZIE
U CHIERSA7 THON DA — MERELRINT D, A—MERENATEHLIOL VR
ZEEEN T 5 — 2~ OHNEE LB R LD BRNORD L EIITL TH L, R
T 7S2031T T, AR E I EE3321F X — MERITGU THMELZ R TR E o« 25
95, A7 7S204I2T, AIEHIERR337IXMFER335D M IME I o %
FELTaSERDD, A7y /S20612C, MHER338a, 338bit. £, HiF ¥ /L
DA )—INEFIE B LA EHEZR33TO M 1ER (aS) &2 ME T3, £LTC.
AT 7"S2061Z T, X—LT v 7 EHE BEitek 44 sk 45, 277520
72T, A TIZREEDE T L2 HEL  #& TLTQORITHIX (NO) | 2T v



WO 2006/054698 34 PCT/JP2005/021247

[0119]

[0120]

[0121]

[0122]

Exhibit 1004
Page 0865 of 1251

S201H bV T, A7 7S207 TRedkA & TL TR (YES) . HFF R — A4
B33 TOUIEK 772,

B31iZ, H R — LIBT3 3DMD RGN 2”4 H F A — 2L FHE33a% /R L
TWD, EH O FE BT U CRRASZ B B LT X9 i E 5.2 515
TR R B R B AT el | WATERL L COWERD X — LT v 7 ISEEH L T
RS TD3b B BEA ITBER L2 IR U b, SBICERBREH T 5 FE 55%
BT 52 TED, M3UNTRTHE R A—LUBEE33aiT, ENEOEF(E 5IE
WERGR SR DI 5 K% 5 2 DBRMAER e B AR L IO IR LIcb D TH
%,

3 LIT/RTH A —LUERES33ald, K290 H A — ALHIER33 L il L T,
RIS 48333, BERISATY 334, BAHALHALR3Z6BEMINTVEHRT
FEL WD,

B3LIZRBN T, ARERBATY 334U T F IR AR T L TEM S 7= AR
HFIE T D720 O ER S E TR L CTR<, DO IMaER SIS
T LRELND S DR EIE57-0 DB THY , SRR SRS 2
HEE L OB Lo Tk ED,

RS AR 3331, AR A AR 332 CHRINEN AR o 1> THRESHHER
D FENALENKRS I T DB EBAS AAZ B AE Y 334H D EF 75, 7238,
29128 HRE o LIM3 1R UMD KIZ 1T HHRE o LT T LHFRICHD T
B EE ER— O/ 5 AT, BHARETER3361L, MAR335TAB SN
PA =TV E FEDINGAE 5 B ERR 333 TGS M= BEMA E B Hox B A
Ate, AIZEHAIESR3371T, TR B A TN NEE BA R HI 833
2THOITAREL o (T THE T 5, MFHEE338a, 338blik, £, HF ¥ RALD
A )—FNE (L A EHIERR33TDO M NE B LEME T3, 22Tk, WEH
TR23 33721 2 DM RLE LT3, FIRAE ARSI BEL CENMESHD A TH 31T
BIRATHY, FIEHIRIR33TEAMETHILLRETHD, /2. BAEEG45333
DSEEEAR BRI S A TRINT D720 DR o &, FIERIERF 3371301 B HEROFR
BRI DRE o LEFIDFRZEL ThIW,
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X 32% VT, (AR FIRE TR 35725 DR LRz E BB O I E 7 DV T
142,

X 32177 3 TH A= B A B2 E 6att, /YT Nar B a—#61, HEEZR62
LA —163, #iiE#66a, 66b, FI—~ NV A768%H 2 THESN TS, &3
—~yRwA7681%, A LIH681IT~vA72=v1684a, 684b% AL TV5, FHH
BB EEE R, X 161/R U7 BEHR E BASCR E SE 1 6 L b LT, 7

R ER65ell R LTIcv A=y 65a, 65bDRDVICT I—~ R A(768%
FANTWBE, R, AL — IR EL DAL —H63, 640D— FDHLELT(ZITE
A —H63%MH ) FI—~y R A2768DEHHIAEL TWOAA THELTWS

K332 I~~~y R~ A768DWHIX % 1T, FI—~yN~vA7681%, BN H##
$1682a, 682b% (25 A LIH681MD HiE683a, 683bD A O FIZv A7 2=yh
684a, 684bZHLELI=HDTH D, K16 (C) ITRLIZF I—~yFwA7691%, HiE
693a, 693bD BERD N DD E I Y T OB~ A7 2=yF694a, 694
bEELEL7=HDTHY, #I—~yR~A768TiTHiE683a, 683bD A LT HIC~
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