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| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/959,708 09/14/2021 11122357 122174-10134 5622
21125 7590 08/25/2021
NUTTER MCCLENNEN & FISH LLP
SEAPORT WEST

155 SEAPORT BOULEVARD
BOSTON, MA 02210-2604

ISSUE NOTIFICATION

The projected patent number and issue date are specified above.

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

The Patent Term Adjustment is 0 day(s). Any patent to issue from the above-identified application will include
an indication of the adjustment on the front page.

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information
Retrieval (PAIR) WEB site (http://pair.uspto.gov).

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 Application Assistance Unit (AAU) of the Office of Data Management (ODM) at
(571)-272-4200.

APPLICANT(s) (Please see PAIR WEB site http://pair.uspto.gov for additional applicants):

Gregory C. Burnett, Dodge Center, MN;
Jawbone Innovations, LL.C, Marshall, TX;

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location
for business investment, innovation, and commercialization of new technologies. The USA offers tremendous
resources and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation
works to encourage and facilitate business investment. To learn more about why the USA is the best country in
the world to develop technology, manufacture products, and grow your business, visit SelectUSA.gov.

IR103 (Rev. 10/09) LGE EXHIBIT NO. 1010
Amazon v. Jawbone

U.S. Patent 11,122,357
Amazon Ex. 1010




Best Available Copy

PART B-FEE(S) TRANSMITTAL

Complete and send this form, together with the 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, VA 22313-1450
INSTRUCTIONS: This form should be used for transmitting the [SSUE 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.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
21125 2590 08022021 Fee(s) Transmittal. This certificate cannot be used for any other accompanying
papers. Each additional paper, such as an assignment or formal drawing, must
NUTTER MCCLENNEN & FISH LLP U PAR have its own centificate of mailing or transmission.
Seaport West U Certificate of Mailing or Transmission
155 Seaport Boulevard %, I hereby certify that this Fee(s) Transmittal is being deposited with the United
K B States Postal Service with sufficient postage for first class mail in an envelope
Boston, Massachusetts 02210-2604 AUG 12 2071 addressed to the Mail Stop ISSUE FEE address above, or being transmitted to the
f USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
2,
4@0" , M Jeffrey T Klay man (Typed or printed name)
TR [Jeffrey T. Klayman, #39,250/ (Signature)
August 12, 2021 (Date)
APPLICATION NO FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO CONFIRMATION NO
13/959,708 08/05/2013 Gregory C. Burnett 122174-10134 5622
~ FORMING VIRTUAL MICROPHONE ARRAYS USING DUAL OMNIDIRECTIONAL MICROPHONE
TITLE OF INVENTION:
ARRAY (DOMA)
APPLN: TYPE ENTITY STATUS ISSUE FEE DUE PUBLICATION FEE DUE PREV. PAID ISSUE FEE TOTAL FEE(_S_LDUE DATE DUE
nonprovisional SMALL $600 $0.00 $480.00 $120 11/02/2021
EXAMINER ART UNIT CLASS-SUBCLASS
PIZZARO CRESPO, MARCOS D 2814 381-092000
1. Change of correspondence address or indication of "Fee 2. For printing on the patent front  list .
Ao (37 CER 1 363) printing on fie patent front page 1. Nutter McClennen & Fish LLP
: (1) Thenamesofupto3 {eglstered patent attorneys
E] Change of correspondence address (or Change of or agents OR, alte ey, 2
Conrespondence Address form PTO/SB/122) attached. (2) The name of a single firm (having as a member '
D “Fee Address” indication (or “Fee Address” Indication aregistered attorney or agent) and the names of
form PTO/SB/47; Rev 03-09 or more recent) up to 2 registered patent attomeys or agents. If 3.
attached. Use of a2 Customer Number is required. no name is listed, no name will be printed.

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)

Jawbone Innovations, LLC Marshall, Texas
Please check the appropriate assignee category or categories (will not be printed on the patent): D Individual Corporation or other private group entity D Government

4a. Fees Submitted: Issue Fee | | Publication Fee (if equired) [ ] Advance Order- #of Copies
4b. Method of Payment (Please first reapply any previously paid fee shown above):

Electronic Payment via EFS-Web l:l Enclosed check D Non-electronic payment by credit card (Attach form PTO-2038)
The Director is hereby authorized to charge the required fee(s), any deficiency, or credit any overpayment to Deposit A€count No. 141449

5. Change of Entity Status (from status indicated above)
D Applicant certifying micro entity status. See 37 CFR 1.29.

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 as
a notification of loss of entitlement to micro entity status.

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

NOTE: This form must be signed in accordancerxrviit}{ 57 CFR 1.31 and 1.33. See 37 CFR 1.4 for signature requirements and certifications.
Authorized Signature /Jeffrey T. Klayman, #39,250/ Date  August 12,2021
Typed or printed name Jeffrey T. Klayman Registration No. 39,250

D Applicant asserting small entity status. See 37 CFR 1.27.

D Applicant changing to regular undiscounted fee status.

PTOL-85 Part B (08-18) Approved for use through 03/31/2023 OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE



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 |
21125 7590 08/02/2021
NUTTER MCCLENNEN & FISH LLP PIZARRO CRESPO, MARCOS D
SEAPORT WEST
155 SEAPORT BOULEVARD | ART UNIT PAPERNUMBER |
BOSTON, MA 02210-2604 2814
DATE MAILED: 08/02/2021

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.

13/959,708 08/05/2013 Gregory C. Burnett 122174-10134 5622

TITLE OF INVENTION: FORMING VIRTUAL MICROPHONE ARRAYS USING DUAL OMNIDIRECTIONAL MICROPHONE ARRAY (DOMA)

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

nonprovisional SMALL $600 $0.00 $480.00 $120 11/02/2021

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 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
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 and an extra copy of the form should be submitted. 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.

III. 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

PTOL-85 (Rev. 02/11)
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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)

21125 7590 08/02/2021 Certificate of Mailing or Transmission
NUTTER MCCLENNEN & FISH 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
SEAPORT WEST addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
155 SEAPORT BOULEVARD the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
BOSTON, MA 02210-2604 (Typed or prined rame)
(Signature)
(Date)l
I APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
13/959,708 08/05/2013 Gregory C. Burnett 122174-10134 5622
TITLE OF INVENTION: FORMING VIRTUAL MICROPHONE ARRAYS USING DUAL OMNIDIRECTIONAL MICROPHONE ARRAY (DOMA)
| APPLN. TYPE | ENTITY STATUS I ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional SMALL $600 $0.00 $480.00 $120 11/02/2021

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
PIZARRO CRESPO, MARCOS D 2814 381-092000
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/SB/122) attached (2) The name of a single firm (having as a member a

registered attorney or agent) and the names of upto 2
2 registered patent attorneys or agents. If no name is
listed, no name will be printed.

(] "Fee Address" indication (or "Fee Address" Indication form PTO/
SB/47; Rev 03-09 or more recent) attached. Use of a Customer
Number is required.

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

|95}

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 (] 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)

[ 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

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
13/959,708 08/05/2013 Gregory C. Burnett 122174-10134 5622
21125 7590 08/02/2021 | EXAMINER |
NUTTER MCCLENNEN & FISH LLP PIZARRO CRESPO, MARCOS D
SEAPORT WEST
155 SEAPORT BOULEVARD | ART UNIT PAPERNUMBER |
BOSTON, MA 02210-2604 2814

DATE MAILED: 08/02/2021

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

PTOL-85 (Rev. 02/11)

-5-



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.

-6 -



Application No. Applicant(s)
. . 13/959,708 Burnett, Gregory C.
Notice of Allowability Examiner ArtUnit | AIA (FITF) Status
MARCOS D PIZARRO 2814 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 the submissfion filed on 11/9/2020.
[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 2-21 . 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) (JSome  *c) [J None of the:
1. [0 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)

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

2.0 Information Disclosure Statements (PTO/SB/08), 6. (J 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.
/Marcos D. Pizarro/
Primary Examiner, Art Unit 2814

U.S. Patent and Trademark Office .
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 25




Application/Control Number: 13/959,708 (Allowability Notice) Page 2
Art Unit: 2814

Attorney's Docket Number: ALI-050ACON1
Filing Date: 8/5/2013
Applicant: Burnett
Examiner: Marcos D. Pizarro

Detailed Action / Examiner's Comment
This Office action responds to the submission filed on 11/9/2020.
Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent
provisions. In the event the determination of the status of the application as subject to
pre-AlA is incorrect, any correction of the statutory basis for a rejection, as subject to AIA
instead, 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.
Terminal Disclaimer
2. The terminal disclaimers filed on 11/2/2015 disclaiming the terminal portion of any
patent granted on this application, which would extend beyond the expiration date of U.S.
Patent No. 8,494,177 and any patent issued on U.S. Application No. 13/948,160 has been
reviewed and is accepted.
Reasons for Allowance

3. Claims 2-21 are allowed.
4. 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

Allowance.”



Application/Control Number: 13/959,708 (Allowability Notice) Page 3
Art Unit: 2814

Conclusion

5. Papers related to this application may be submitted directly to Art Unit 2814 by
facsimile transmission. The faxing of such papers must conform with the notice published
in the Official Gazette, 1096 OG 30 (15 November 1989). The Art Unit 2814 Fax Center
number is (571) 273-8300. The Art Unit 2814 Fax Center is to be used only for papers
related to Art Unit 2814 applications.

6. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Marcos D. Pizarro at (571) 272-1716 and between the
hours of 7:00 AM to 3:00 PM (Eastern Standard Time) Monday through Friday or by e-
mail via Marcos.Pizarro@USPTO.gov. If attempts to reach the examiner by telephone
are unsuccessful, the examiner’s supervisor, Wael Fahmy, can be reached on 571-272-
1705. Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published
applications may be obtained from either private PAIR or public PAIR. Status information
for unpublished applications is available through private PAIR only. For more information
about the PAIR system, see http://pair-direct.uspto.gov. Should you have questions on
access to the private PAIR system, contact the Electronic Business Center (EBC) at 866-
217-9197 (toll-free).

/Marcos D. Pizarro/
Primary Examiner, Art Unit 2814

MP/mp
26 July 2021



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 DOCKET NO. |  CONFIRMATION NO. |
13/959,708 08/05/2013 Gregory C. Burnett 2064-0001 5622
150413 7590 07/13/2021 | EXAMINER |
Hard IP LLC (JAWB)
48 Speir Dr. PIZARRO CRESPO, MARCOS D
South Orange, NJ 07079
| ART UNIT | PAPER NUMBER |
2814
| NOTIFICATION DATE | DELIVERY MODE |
07/13/2021 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):

USPTO @dockettrak.com
ip@remotedocket.com
kinza@hard-ip.net

PTOL-90A (Rev. 04/07)
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Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

www.uspto.gov

In re Application of

Burnett, Gregory, C.

Application No. 13/959,708 :

Filed: August 5, 2013 : DECISION GRANTING PETITION
Attorney Docket NO. 2064-0001 : UNDER 37 CFR 1.313(c)(2)

For: FORMING VIRTUAL :

MICROPHONE ARRAYS USING DUAL

OMNIDIRECTIONAL MICROPHONE

ARRAY (DOMA)

This is a decision on the petition under 37 CFR 1.313(c)(2), filed November 9, 2020, to
withdraw the above-identified application from issue after payment of the issue fee.

The petition is GRANTED.

The above-identified application is withdrawn from issue for consideration of a submission
under 37 CFR 1.114 (request for continued examination). See 37 CFR 1.313(c)(2).

Petitioner is advised that the issue fee paid on August 10, 2020 cannot be refunded. If,
however, this application is again allowed, petitioner may request that it be applied towards
the issue fee required by the new Notice of Allowance.'

This application is being referred to Technology Center Art Unit 2814 for processing of the
request for continued examination under 37 CFR 1.114 and for consideration of the request to
change applicant’s name by way of application data sheet (ADS) filed and the substitute
statement in lieu of the inventor’s oath or declaration.

Telephone inquiries regarding this decision should be directed to undersigned at (571) 272-1642.

U The request to apply the issue fee to the new Notice may be satisfied by completing and returning the new Part
B — Fee(s) Transmittal Form (along with any balance due at the time of submission). Petitioner is advised that the Issue
Fee Transmittal Form must be completed and timely submitted to avoid abandonment of the application.

-11 -



Application No. 13/959,708 Page 2

All other inquiries regarding the examination of this application should be directed to the
Technology Center at their customer service line (571) 272-2815.

/April M. Wise/
Paralegal Specialist, Office of Petitions
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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 DOCKET NO. |  CONFIRMATION NO. |
13/959,708 08/05/2013 Gregory C. Burnett 2064-0001 5622
150413 7590 06/15/2021 | EXAMINER |
Hard IP LLC (JAWB)
48 Speir Dr. PIZARRO CRESPO, MARCOS D
South Orange, NJ 07079
| ART UNIT | PAPER NUMBER |
2814
| NOTIFICATION DATE | DELIVERY MODE |
06/15/2021 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):

USPTO @dockettrak.com
ip@remotedocket.com
kinza@hard-ip.net

PTOL-90A (Rev. 04/07)
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Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

www.uspto.gov

In re Application of

Burnett, Gregory, C. :

Application No. 13/959,708 : DECISION ON PETITION
Filed: 5 Aug 2013 :

Attorney Dkt. No.: 2064-0001

The above-identified application has been directed to the Office of Petitions for consideration of
the petition to revive under 37 CFR 1.137(a), filed March 30, 2021.

The application became abandoned February 22, 2017 for to timely submit an executed oath or
declaration for each inventor on or prior to submission of the issue fee in accordance with
37 CFR 1.53(f)(3)(H). Notice of Abandonment was mailed March 10, 2017.

A grantable petition pursuant to 37 C.F.R. § 1.137(a) must be accompanied by: (1) the required
reply to the outstanding Office action or notice, unless previously filed; (2) the petition fee as set
forth in 37 C.F.R. § 1.17(m); (3) a statement that the entire delay in filing the required reply from
the due date for the reply until the filing of a grantable petition pursuant to 37 C.F.R. § 1.137(b)
was unintentional; and (4) any terminal disclaimer (and fee set forth in 37 C.F.R. § 1.20(d))
required pursuant to 37 C.F.R. § 1.137(c).

The instant petition has been carefully considered and found in compliance with the
requirements above. The required reply has been submitted. Receipt is acknowledged of the
required petition fee. Lastly, a proper statement and explanation of unintentional delay have been
submitted.

In view thereof, the petition to revive under 37 CFR 1.137(a) is hereby GRANTED.

Telephone inquiries concerning this matter may be directed to the undersigned at (571)
272-3205.

/ALESIA M. BROWN/
Alesia M. Brown

Attorney Advisor
Office of Petitions
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s): Gregory C. Burnett Confirmation No.: 5622
Application No.: 13/959,708 Examiner: PIZARRO CRESPO, MARCOS D.
Filed: 08-05-2013 Group Art Unit: 2814

Title: FORMING VIRTUAL MICROPHONE
ARRAY'S USING DUAL
OMNIDIRECTIONAL MICROPHONE
ARRAY (DOMA)

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

RENEWED PETITION UNDER 37 CFR 1.137(A)
Sir:

In response to the Decision on Petition mailed December 31, 2020 (hereinafter
“Decision”), this renewed petition under 37 CFR 1.137(a) is respectfully submitted.

The Decision states:

A grantable petition under 37 CFR 1.137(a) must be accompanied by ... (3)
a statement that the entire delay in filing the required reply from the due
date for the reply until the filing of a grantable petition pursuant to 37 CFR
1.137(a) was unintentional ... See, MPEP 711.03(c)(I1)(C) and (D) ...

The USPTO requires additional information concerning whether a delay in
seeking the revival of an abandoned application was unintentional where
the petition to revive was filed more than two years after the date the
application became abandoned ... Therefore, additional information that
provides an explanation of the circumstances surrounding the delay that
establishes the entire delay was unintentional is required.

The USPTO is concerned with three periods of delay. Petitioner is reminded
the burden of proof to establish that the delay from the due date for the reply
until the filing of a grantable petition was unintentional within the meaning
of 35 U.S.C. 27 and 37 CFR 1.137 rests with the

petitioner. See, MPEP 71 1.03(c)(I1)(F).
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The first period of delay petitioner must address on renewed petition is the
delay in filing the reply that originally resulted in the abandonment of this
application. Petitioner must explain the delay between when the reply was
due and when the reply was filed.

The second period of delay petitioner must address on renewed petition is
the delay in filing the initial petition pursuant to 37 CFR 1.137(a). Petitioner
must explain why this petition was not filed until August 10, 2020. It is
noted that the record fails to reflect that petitioners herein timely sought
further consideration of the matter of abandonment subsequent to the
mailing of the petition decision mailed February 12, 2019 until August 10,
2020.

The third period of delay petitioner must address on renewed petition is the
delay in filing a grantable petition pursuant to 37 CFR 1.137(a).
(Decision, pgs. 1-2)

Submitted herewith are affidavits of Michael Luna (“Luna affidavit”) and Daniel
Setton (“Setton affidavit”). The Luna and Setton affidavits provide details regarding any
delays. Specifically, the Luna affidavit states that the above-referenced patent application
originally went abandoned on February 22, 2017 due to unavailable funds. The Luna
affidavit further states that the original assignee ALIPHCOM (based on the assignment
from the inventor to ALIPHCOM that was recorded with the USPTO’s assignment branch
and accorded reel/frame no. 035352/0324) “was shut down and an assignment for the
benefit of creditors was initiated in June 2017,” (Luna affidavit, pg. 1).

The Setton affidavit states that JAWB ACQUISITION LLC is the current assignee
(the assignment from ALIPHCOM (ASSIGNMENT FOR THE BENEFIT OF
CREDITORS), LLC to JAWB ACQUISITION LLC was recorded with the USPTO’s
assignment branch and accorded reel/frame no. 043746/0693). The Setton affidavit further
provides details regarding “the second period of delay” mentioned above.

With respect to “the third period of delay” mentioned above, the following details
are provided. It is respectfully submitted that the Decision was mailed on December 31,
2020. On January 15, 2021, I received Michael Luna’s signed affidavit.

After receiving that affidavit, I made attempts to obtain another affidavit from an
officer at JAWB ACQUISITION LLC detailing the events that happened after Michael
Luna was no longer involved. Ultimately, I obtained the affidavit of Daniel Setton who is
the CEO of JAWB ACQUISITION LLC. The Setton affidavit was executed on March 29,
2021. Thus, it is respectfully submitted that the third period’s delay detailed above was
unintentional.

As detailed in the Luna and Setton affidavits and in view of the information
provided above, it is respectfully submitted that the delay in filing the required reply from
the due date for the reply until the filing of a grantable petition pursuant to 37 CFR 1.137(a)
is unintentional.

The petition to revive fee (code 2453) amounting to $1000 for a small-entity was
previously submitted. If, however, additional fees are required, the Commissioner is
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hereby authorized to charge any additional fees or credit any overpayment to Deposit
Account 60-0366.

Date: March 30, 2021

Respectfully submitted,
Hard IP LLC

[Kinza Hecht/

Kinza Hecht

Patent Agent

Reg. No. 62,325

Phone No.: 212 321 0598
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DocuSign Envelope ID: 9FCF29BF-32A9-401B-84F9-B42BB4C3F0CD

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s): Gregory C. Burnett Confirmation No.: 5622
Application No.: 13/959,708 Examiner: PIZARRO CRESPO, MARCOS D.
Filed: 08-05-2013 Group Art Unit: 2814

Title: FORMING VIRTUAL MICROPHONE
ARRAYS USING DUAL
OMNIDIRECTIONAL MICROPHONE
ARRAY (DOMA)

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

AFFIDAVIT
Dear Sir:

I, Michael Luna, hereby declare:

1. I am over eighteen (18) years of age, and have personal knowledge of the facts stated

herein.

2, The above-identified patent application was originally owned by ALIPHCOM.

3. An assignment from the inventor to ALIPHCOM was recorded on April 7, 2015 with
the United States Patent and Trademark Office (USPTO) and accorded reel/frame

number: 035352/0324.

4. I was the Chief Technology Officer (CTO) of ALIPHCOM from December 2007 until
it was shut down and an assignment for the benefit of creditors was initiated in June
2017. During my tenure I was responsible for management of ALIPHCOM'’s

intellectual property portfolio.
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DocuSign Envelope ID: 9FCF29BF-32A9-401B-84F9-B42BB4C3F0CD

10.

Dated:

Kokka and Backus, LLC was the law firm tasked with handling our patent portfolio

including the above-identified patent application.
Between 2015 and 2017 ALIPHCOM suffered funding/financial issues.

I instructed Kokka and Backus, LLC and CPA Global to employ procedures to ensure
that patent applications (including the above-identified application) were, on a timely
basis, diligently prosecuted and that fees were paid. Such procedures continued until
funds were no longer available to ALIPHCOM to pay Kokka and Backus, LLC and

CPA Global for their fees.

As aresult, on February 22, 2017, the above-identified patent application went

abandoned.

At no point did I intend to allow the above-referenced patent application to go

abandoned.

On information and belief, these statements are believed to be true; and these
statements are made with knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18
of the United States Code and that such willful false statements may jeopardize the

validity of the application or any patent issuing thereon.

Respectfully submitted,

" DocuSigned by:

1/15/2021 | 15:41 PST Miclacl (e

M CCADABIRARIABA

Michael Luna

Application No.: 13/959,708 -2- Attorney Docket No. 2064-0001
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor(s): Gregory C. Burnett Confirmation No.: 5622
Application No.: 13/959,708 Examiner: PIZARRO CRESPO, MARCOS D.
Filed: 08-05-2013 Group Art Unit: 2814

Title: FORMING VIRTUAL MICROPHONE
ARRAYS USING DUAL
OMNIDIRECTIONAL MICROPHONE
ARRAY (DOMA)

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

AFFIDAVIT
Dear Sir:

I, Daniel Setton, hereby declare:

1. I am over eighteen (18) years of age, and have personal knowledge of the facts stated

herein.

2. An assignment from the sole inventor to ALIPHCOM was recorded on April 7, 2015
with the United States Patent and Trademark Office (USPTO) and accorded

reel/frame number: 035352/0324.

3. An assignment from ALIPHCOM to ALIPHCOM (assignment for the benefit of
credits), LLC was recorded on August 29, 2017 with the USPTO and accorded

reel/frame number: 043711/0001.

4. An assignment from ALIPHCOM (assignment for the benefit of credits), LLC to
JAWB ACQUISITION LLC was recorded on September 1, 2017 with the USPTO

and accorded reel/frame number: 043746/0693.
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10.

11.

I became the CEO of JAWB ACQUISITION LLC around July 2017. As CEO, I am
responsible for management of JAWB ACQUISITION LLC’s intellectual property

portfolio.

I became aware that the above-referenced patent application went abandoned around

Q2 2018.

I had engaged CSC Global and the following law firms to assess JAWB
ACQUISITION LLC’s very robust patent portfolio: Envision IP, Dallal Firm and
Myers Wolin. I had tasked Envision IP to handle JAWB ACQUISITION LLC’s
patent portfolio and to revive various abandoned patent applications including the

above-identified patent application.

I retained Envision IP around Q2 of 2018 and instructed Envision IP to revive various
abandoned patent applications including the above-identified patent application

around Q4/2018 to Q1/2019.

However, the above-identified patent application was not revived, and the inventor’s

oath/declaration document was not filed.

In February of 2019, I instructed Myers and Wolin to retain power of attorney for the
above-referenced patent application. However, accordingly to the file history of the
above-referenced patent application, it appears that the request to obtain power of

attorney was denied on April 17, 2019.

On June 3, 2020, I retained Hard IP LLC to revive the above-referenced patent

application.

Application No.: 14/281,856 -2- Attorney Docket No. 2064-0012
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12.

13.

14.

15.

After making efforts to obtain the inventor’s signature for the declaration document,
Hard IP LLC filed either a substitute statements for the inventor in August of 2020.

Hard IP LLC filed a petition to revive the abandoned application on August 10, 2020.

The petition to revive was dismissed on December 31, 2020. I am filing this affidavit

to detail the timeline of events.

At no point did I intend to allow the above-referenced patent application to stay

abandoned. It was my intention to revive the above-identified application.

On information and belief, these statements are believed to be true; and these
statements are made with knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18
of the United States Code and that such willful false statements may jeopardize the

validity of the application or any patent issuing thereon.

Respectfully sub

Dated: March 29, 2021

niel

Application No.: 14/281,856 -3- Attorney Docket No. 2064-0012
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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 DOCKET NO. |  CONFIRMATION NO. |
13/959,708 08/05/2013 Gregory C. Burnett 2064-0001 5622
150413 7590 12/31/2020 | EXAMINER |
Hard IP LLC (JAWB)
48 Speir Dr. PIZARRO CRESPO, MARCOS D
South Orange, NJ 07079
| ART UNIT | PAPER NUMBER |
2814
| NOTIFICATION DATE | DELIVERY MODE |
12/31/2020 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):

USPTO @dockettrak.com
ip@remotedocket.com
kinza@hard-ip.net

PTOL-90A (Rev. 04/07)
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Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450

www.uspto.gov

In re Application of

Burnett, Gregory, C.

Application No. 13/959,708 :

Filed: 5 Aug 2013 : DECISION ON PETITION
For: FORMING VIRTUAL :

MICROPHONE ARRAYS USING DUAL

OMNIDIRECTIONAL MICROPHONE

ARRAY (DOMA)

The above-identified application has been directed to the Office of Petitions for consideration of
the petition to revive under 37 CFR 1.137(a), filed November 9, 2020.

The application became abandoned February 22, 2017 for to timely submit an executed oath or
declaration for each inventor on or prior to submission of the issue fee in accordance with 37
CFR 1.53(f)(3)(ii). Notice of Abandonment was mailed March 10, 2017.

A grantable petition under 37 CFR 1.137(a) must be accompanied by: (1) the required reply,
unless previously filed; (2) required the petition fee; (3) a statement that the entire delay in filing
the required reply from the due date for the reply until the filing of a grantable petition pursuant
to 37 CFR 1.137(a) was unintentional; and (4) any terminal disclaimer (and fee as set forth in 37
CFR 1.20(d)) required by 37 CFR 1.137(d). Where there is a question as to whether either the
abandonment or the delay in filing a petition under 37 CFR 1.137 was unintentional, the Director
may require additional information. See, MPEP 711.03(c)(ID(C) and (D).

Further consideration of the petition to revive reflects that the instant petition fails to satisfy
requirement (3) set forth above as the petition does not satisfy 37 CFR 1.137(b)(4). Petitioner
submitted the required statement of unintentional delay. However, this petition to revive the
abandoned application under 37 CFR 1.137(a) was filed more than two years after the date of
abandonment.

The statement accompanying the instant petition is insufficient to establish that the entire period
of time, from the time that a reply to the Notice was due until the filing of a grantable petition,

was unintentional.

The USPTO requires additional information concerning whether a delay in seeking the revival of
an abandoned application was unintentional where the petition to revive was filed more than two
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Application No. 13/959,708 Page 2

years after the date the application became abandoned. See, Clarification of the Practice for
Requiring Additional Information in Petitions Filed in Patent Applications and Patents Based on
Unintentional Delay, 3 FR 12222 (March 2, 2020). Therefore, additional information that
provides an explanation of the circumstances surrounding the delay that establishes the entire
delay was unintentional is required.

The USPTO is concerned with three periods of delay. Petitioner is reminded the burden of proof
to establish that the delay from the due date for the reply until the filing of a grantable petition
was unintentional within the meaning of 35 U.S.C. 27 and 37 CFR 1.137 rests with the
petitioner. See, MPEP 711.03(c)(I)(F).

The first period of delay petitioner must address on renewed petition is the delay in filing the
reply that originally resulted in the abandonment of this application. Petitioner must explain the
delay between when the reply was due and when the reply was filed.

The second period of delay petitioner must address on renewed petition is the delay in filing the
initial petition pursuant to 37 CFR 1.137(a). Petitioner must explain why the petition was not
filed until August 10, 2020. It is noted that the record fails to reflect that petitioners herein timely
sought further consideration of the matter of abandonment subsequent to the mailing of the
petition decision mailed February 12, 2019 until August 10, 2020.

The third period of delay petitioner must address on renewed petition is the delay in filing a
grantable petition pursuant to 37 CFR 1.137(a).

When addressing each of these three periods of delay, petitioner is reminded that where the
petitioner deliberately permits an application to become abandoned (e.g., due to a conclusion the
claims are unpatentable, a rejection in an Office action cannot be overcome, or the invention
lacks sufficient commercial value to justify continued prosecution), the abandonment of such
application is considered to be a deliberately chosen course of action, and the resulting delay
cannot be considered as “unintentional” within the meaning of 37 CFR 1.137. See, In re
Application of G, 11 USPQ2d 1378, 1380 (Comm’r Pat. 1989). Similarly, an intentional course
of action is not rendered unintentional when, upon reconsideration, the applicant changes his or
her mind as to the course of action that should have been taken. See, In re Maldague, 10
USPQ2d 1477, 1478 (Comm’r Pat. 1988). Petitioner’s failure to carry the burden of proof to
establish that the “entire” delay was “unintentional” may lead to the denial of a petition under 37
CFR 1.137, regardless of the circumstances that originally resulted in the abandonment of the
application.

Petitioner should note that the party whose delay is relevant is the party having the right or
authority to file the response in the above identified application. When the applicant assigns the
entire right, title, and interest in an invention to a third party (and thus does not retain any legal
or equitable interest in the invention), the applicant’s delay is irrelevant in evaluating whether the
delay was unintentional. See, Kim v. Quigg, 718 F. Supp. 1280, 1284, 12 USPQ2d 1604, 1607-
08 (E.D. Va. 1989). See, MPEP 711.03(c)(II)(C)-(F) for additional guidance on the information
required to establish that the entire delay was unintentional.
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Application No. 13/959,708 Page 3

Please note that a renewed petition fee is not required to seek reconsideration of this decision.
Accordingly, the petition is DISMISSED.

Any request for reconsideration of this decision must be submitted within TWO (2) MONTHS
from mail date of this decision. Extensions of time under 37 CFR 1.136(a) are permitted. The
reconsideration request should include a cover letter entitled “Renewed Petition under 37 CFR
1.137(a).” This is not a final agency decision.

Further correspondence with respect to this matter should be addressed as follows:
By mail: Mail Stop Petition
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
By facsimile: (571) 273-8300
By hand delivery: U.S. Patent and Trademark Office
Customer Window, Mail Stop Petition
Randolph Building
401 Dulany Street
Alexandria, VA 22314
Via EFS
Telephone inquiries concerning this matter may be directed to the undersigned at (571) 272-3205.
IALESIA M. BROWN/
Alesia M. Brown

Attorney Advisor
Office of Petitions
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IN THE UNITED STATES
PATENT AND TRADEMARK OFFICE

Application No. . 13/959,708 Confirmation No. 5622

Inventor . Gregory C. Burnett

Filed . 08-05-2013

Docket No. : 2064-0001

Title - FORMING VIRTUAL MICROPHONE ARRAYS USING
DUAL OMNIDIRECTIONAL MICROPHONE ARRAY
(DOMA)

Mail Stop Petition
Commissioner for Patents

PO Box 1450

Alexandria, Virginia 22313-1450.

Renewed Petition under 37 CFR 1.137(a) and
Petition to Withdraw from Issue Under 37 CFR 1.313(c) Accompanied by a Request
for Continued Examination

Sir:

A petition to revive the above-referenced patent application has been dismissed for the
following reason:

A grantable petition under 37 CFR 1.137¢a) must be accompanied by: (1) the required reply.

unless previously filed: (2) required the petition [ee; (3) a statement that the entire delay in [iling

The instant petition fails to satisfy requirement (1) set forth above. While a substitute statement
accompanies the instant petition, the substitute statement cannot be entered as the applicant was
changed subsequent to the payment of the issue fee on January 30, 2019.

Be advised that further consideration of the matter of the substitute statement would require

withdrawal from issue per 37 CFR 1.313(c) and a request for continued examination, including fee

and submission in the form of re-submission of the substitute statement, per 37 CFR 1.114, as
amendments, i.e., including amending of applicant, are not subject (o entry subsequent Lo the
payment of the issue fee.

(Dismissed petition, 9/9/2020, pg. 2.).

To satisfy requirement (1) provided above, this petition is submitted in accordance with 37
CFR 1.313(c)(2). Specifically, this petition is submitted to withdraw the above-referenced
patent application from issuance because a request for continued examination (RCE) in
compliance with § 1.114 is filed herewith.
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In addition, filed herewith please find:

1) A substitute statement in lieu of an oath or declaration for a utility
application for the sole inventor Gregory C. Burnett (substitute statement)
signed by an officer of JAWB Acquisition LLC;

2) Power of Attorney;

3) Assignee showing ownership per 37 CFR 3.73 and

4) Corrected ADS

In view of the RCE and above documents, it is respectfully submitted that a change of the
applicant to JAWB Acquisition LLC be recognized.

In conclusion, it is respectfully submitted that (A) the patent application be withdrawn
from issuance, (B) the substitute statement be accepted and (C) the patent application be
revived and no longer abandoned. It is further respectfully submitted that a Notice of
Allowance be issued thereafter.

Attorney Advisor Alesia M. Brown is requested to call the undersigned at (212) 312-0598
if there remain any issues with this patent application.

Deposit Account Authorization
Authorization is hereby given to charge Deposit Account No. 60-0366 for any charges or

shortages in fees that may be due.

Date: November 9. 2020

Respectfully submitted,

Hard IP LL.C

/Kinza Hecht/

Kinza Hecht

Patent Agent

Reg. No. 62,325

Phone: (212) 321-0598
Email: kinza@hard-ip.net
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Doc code: RCEX PTO/SB/30EFS (02-18)

Doc description: Request for Continued Examination (RCE) Approved for use through 11/30/2020. 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 | 1.9 705 Filing | b413 08-15 Docket Number | 1,0/ 5601 Art 1 beg
Number Date (if applicable) Unit

First Named| - v ¢ Bumnett Examiner PIZARRO CRESPO, MARCOS D.

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).

I:l 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

[] Amendment/Reply
|:| Information Disclosure Statement (IDS)

& Affidavit(s)/ Declaration{s)

@ Other efition for withdrawal from issue under 1.313(c){2) and Renewed Petition under 37 CFR 1.137(a), substitute
tatement, power of attorney, assignee showing ownership per 37 CFR 3.73 and corrected ADS

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 Fi00366

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

X Patent Practitioner Signature

Applicant Signature

EFS - Web 2.1.16
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Doc code: RCEX
Doc description: Request for Continued Examination (RCE)

PTO/SB/30EFS {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.

Signature of Registered U.S. Patent Practitioner

Signature

Kinza Hecht/

Date (YYYY-MM-DD)

020-11-09 I

Name

Kinza Hecht

Registration Number

52325

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.

EFS - Web 2.1.16
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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.

EFS - Web 2.1.16
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Doc Code: PET.OP
Document Description: Petition for Review by the Office of Petitions

PTO/SB/64 (01-18)

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 displays a valid OMB control number.

PETITION FOR REVIVAL OF AN APPLICATION FOR PATENT | Docket Number (Optiona)
ABANDONED UNINTENTIONALLY UNDER 37 CFR 1.137(a) | 2064-0001
Page 1 of 2

First named inventor: Gregory C. Burnett
13/959,708 artunit:. 2814
PIZARRO CRESPO, MARCOS D

Application No.:
Filed: August 5, 2013

Examiner:

Tile: | FORMING VIRTUAL MICROPHONE ARRAYS USING DUAL OMNIDIRECTIONAL
MICROPHONE ARRAY (DOMA)

Attention: Office of Petitions
Mail Stop Petition
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450
FAX (571) 273-8300

NOTE: If information or assistance is needed in completing this form, please contact the Office of Petitions at (571) 272-3282.

The above-identified application became abandoned for failure to file a timely and proper reply to a notice or action by the United States
Patent and Trademark Office. The date of abandonment is the day after the expiration date of the period set for reply in the Office notice or
action plus any extensions of time actually obtained.
APPLICANT HEREBY PETITIONS FOR REVIVAL OF THIS APPLICATION.
NOTE: A grantable petition requires the following items:
(1) Petition fee;
(2) Replyand/orissue fee;
(3) Terminal disclaimer with disclaimer fee — required for all utility and plant applications filed before June 8, 1995, and for all
design applications; and
(4) Statement that the entire delay was unintentional.

1. Petition fee

|:| Small entity fee $ 1000 (37 CFR 1.17(m)). Applicant asserts small entity status. See 37 CFR 1.27.

Micro entity fee § (37 CFR 1.17(m)). Applicant certifies micro entity status. See 37 CFR 1.29.
Form PTO/SB/15A or B or equivalent must either be enclosed or have been submitted previously.

D Undiscounted fee § (37 CFR 1.17(m)).
2. Reply and/or fee
A The reply and/or fee to the above-noted Office notice or action in the form of

Oath or Declaration (identify the type of reply):

I:' has been filed previously on

D is enclosed herewith.

B Theissue fee and publication fee (if applicable) of $ 480

|§| has been paid previously on January 30,2019

|:| is enclosed herewith.

This collection of information is required by 37 CFR 1.137(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, 1.14 and 41.6. 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: Mail Stop Petition, Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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Doc Code: PET.OP
Document Description: Petition for Review by the Office of Petitions

PTO/SB/64 (01-18)

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 displays a valid OMB control number.

PETITION FOR REVIVAL OF AN APPLICATION FOR PATENT
ABANDONED UNINTENTIONALLY UNDER 37 CFR 1.137(a)
Page 2 of 2

3. Terminal disclaimer with disclaimer fee
D Since this utility/plant application was filed on or after June 8, 1995, no terminal disclaimer is required.

|:| A terminal disclaimer (and disclaimer fee (37 CFR 1.20(d)) of $ ) disclaiming the required period of time is enclosed
herewith (see PTO/SB/63).

4. STATEMENT: The entire delay in filing the required reply from the due date for the required reply until the filing of a grantable petition
under 37 CFR 1.137(a) was unintentional. [NOTE: The United States Patent and Trademark Office may require additional information if
there is a question as to whether either the abandonment or the delay in filing a petition under 37 CFR 1.137(a) was unintentional

(MPEP 711.03(c), subsections (Il1)(C) and (D)).]

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may contribute to
identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers (other than a check or
credit card authorization form PTO-2038 submitted for payment purposes) is never required by the USPTO to support a petition or an
application. If this type of personal information is included in documents submitted to the USPTO, petitioners/applicants should consider
redacting such personal information from the documents before submitting them to the USPTO. Petitioner/applicant is advised that the
record of a patent application is available to the public after publication of the application (unless a non-publication request in compliance
with 37 CFR 1.213(a) is made in the application) or issuance of a patent. Furthermore, the record from an abandoned application may also
be available to the public if the application is referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly
available.

/Kinza Hecht/ August 10, 2020

Signature Date
Kinza Hecht 62,325
Typed or Printed Name Registration Number, if applicable
Hard IP LLC 212-837-8074
Address Telephone Number
48 Speir Drive, South Orange, NJ 07079
Address

Enclosures:

|i| Fee Payment
|i] Reply

I:l Terminal Disclaimer Form

D Additional sheet(s) containing statements establishing unintentional delay

I:l Other:

CERTIFICATE OF MAILING OR TRANSMISSION [37 CFR 1.8(a)]

| hereby certify that this correspondence is being:

D Deposited with the United States Postal Service on the date shown below with sufficient postage as first class mail in an envelope
addressed to: Mail Stop Petition, Commissioner for Patents, P. O. Box 1450, Alexandria, VA 22313-1450.

D Transmitted by facsimile on the date shown below to the United States Patent and Trademark Office at (571) 273-8300.

Date Signature

Typed or printed name of person signing certificate
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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 forthe 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 DOCKET NO. CONFIRMATION NO. |
13/959,708 08/05/2013 Gregory C. Burnett JAL-050ACON1 5622
15516 7590 02/15/2019 | EXAMINER |
Kokka & Backus, PC
550 S. California Ave. PIZARRO CRESPO, MARCOS D
Suite 300
Palo AltO, CA 94306 | ART UNIT | PAPER NUMBER |
2814
| NOTIFICATION DATE | DELIVERY MODE |
02/15/2019 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):

docketing @kokkalaw.com
kcleland @kokkalaw.com
skokka@kokkalaw.com

PTOL-90A (Rev. 04/07)
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents
United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

In re application of

Gregory C. Burnett :

Application No. 13/959,708 : NOTICE VACATING PETITION
Filed: August 5, 2013 :

Attorney Docket No. JAL-050ACON1

The purpose of this notice is to advise you that the decision automatically granted by Electronic
Filing System (EFS) on January 30, 2019, is hereby VACATED for the reasons indicated below:

The record discloses the following:

[ A Notice of Allowance and Fee(s) Due was mailed on November 21, 2016, which seta
Non-Extendable Statutory Period for reply of three (3) months.

= A Notice Requiring Inventor’s Oath or Declaration was mailed November 21, 2016,
which set a Non-Extendable Statutory Period for a reply no later than the date on which
the issue fee was paid.

n A Notice of Abandonment was mailed on March 10, 2017.

] On January 30, 2019, a Petition for Revival Of An Application For Patent Abandoned
Unintentionally Under 37 CFR 1.137(a) was filed by EFS and automatically granted by
EFES on January 30, 2019. The petition was accompanied by the issue fee payment of
$480 and the petition fee of ($1,000).

However, the applicant failed to submit a proper oath and declaration for the inventor in the
application. The oath and declaration filed on January 30, 2019, does not include the required

statement that “This application was made or authorized to be made by me”. See 37 CFR
1.63(a)(4).

In view of the above, the petition automatically granted by EFS on January 30, 2019, is vacated
and the application remains ABANDONED.

A response to this letter must be submitted within TWO (2) MONTHS from the mail date of
this decision. Extensions of time under 37 CFR 1.136(a) are permitted. The petition should
include a cover letter entitled “Renewed Petition under 37 CFR 1.137(a).” This is not a final
agency action within the meaning of 5 U.S.C. § 704.
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Application/Control Number: 13/959,708 Page 2
Art Unit: OPET

Further correspondence with respect to this matter should be delivered through one of the
following mediums:

By mail: Mail Stop PETITIONS
Commissioner for Patents
Post Office Box 1450
Alexandria, VA 22313-1450

By hand: Customer Service Window
Mail Stop Petitions
Randolph Building
401 Dulany Street
Alexandria, VA 22314

By fax: (571) 273-8300
ATTN: Office of Petitions

By internet: EFS-Web
www.uspto.gov/ebc/efs_help.html
(for help using EFS-Web call the
Patent Electronic Business Center
at (866) 217-9197)

Any questions concerning this matter may be directed to the undersigned at (571) 272-4618.

/KIMBERLY A INABINET/
Paralegal Specialist, OPET
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Doc Code: PET.AUTO

Document Description: Petition automatically granted by EFS-Web

PTO/SB/64
U.S. Patent and Trademark Office
Department of Commerce

Electronic Petition Request

PETITION FOR REVIVAL OF AN APPLICATION FOR PATENT ABANDONED

UNINTENTIONALLY UNDER 37 CFR 1.137(a)

Application Number 13959708

Filing Date 05-Aug-2013

First Named Inventor Gregory Burnett

Art Unit 2814

Examiner Name MARCOS PIZARRO CRESPO

Attorney Docket Number

JAL-050ACON1

Title

FORMING VIRTUAL MICROPHONE ARRAYS USING DUAL CMNIDIRECTIONAL

MICROPHONE ARRAY (DOMA)

The above-identified application became abandoned for failure to file a timely and proper reply to a notice or action by the
United States Patent and Trademark Office. The date of abandonment is the day after the expiration date of the period set for
reply in the office notice or action plus any extensions of time actually obtained.

APPLICANT HEREBY PETITIONS FOR REVIVAL OF THIS APPLICATION

NOTE: A grantable petition requires the following items:

{1 Petition fee;
{2) Reply and/or issue fee;
3) Terminal disclaimer with disclaimer fee - required for all utility and plant applications filed before June 8, 1995; and for
all design applications;
{4) Statement that the entire delay was unintentional.
Petition Fee
(¢) Small Entity

(O Micro Entity

(O Regular Undiscounted

Issue Fee and Publication Fee:

Issue Fee and Publication Fee are not due.

4 Issue Fee Transmittal is attached

Drawing corrections and/ or other deficiencies.
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(® Drawing corrections and/ or other deficiencies are not required

O | certify, in accordance with 37 CFR 1.4.(d}(4), that drawing corrections and/ or other deficiencies have previocusly been filed

on

(O Drawing corrections and/ or other deficiencies are attached.

STATEMENT: The entire delay in filing the required reply from the due date for the required reply until the filing of a
@grantable petition under 37 CFR 1.137(a) was unintentional.

THIS PORTION MUST BE COMPLETED BY THE SIGNATORY OR SIGNATORIES

| certify, in accordance with 37 CFR 1.4(d)(4) that | am:

An attorney or agent registered to practice before the Patent and Trademark Office who has been given power of attorney

in this application.

An attorney or agent registered to practice before the Patent and Trademark Office, acting in a representative capacity.

A joint inventor; | certify that | am authorized to sign this submission on behalf of all of the inventors as evidenced by the
power of attorney in the application

O
®
(O Asole inventor
O
O

A joint inventor; all of whom are signing this e-petition.

Signature /Maulin Shah/
Name Maulin Shah
Registration Number 56587
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Decision Date : January 30, 2019
In re Application of : DECISION ON PETITION

Gregory Burnett UNDER CFR 1.137(a)

Application No : 13959708
Filed : 05-Aug-2013
Attorney Docket No: JAL-050ACON1

This is an electronic decision on the petition under 37 CFR 1.137(a), filed January 30,2019 , to revive the above-identified
application.

The petition is GRANTED.

The above-identified application became abandoned for failure to reply in a timely manner to the Notice of Allowance and Issue
Fee(s) Due. The date of abandonment is the day after the expiration date of the period set for reply in the Notice.

The electronic petition satisfies the conditions for revival pursuant to the provisions of 37 CFR 1.137(a) in that (1) the reply in the
form of payment of the Issue Fee and the Publication Fee (if necessary); (2) the petition fee as set forth in 37 CFR 1.17 (m); (3) the
drawing correction and/or other deficiencies (if necessary); and (4) the required statement of unintentional delay have been
received. Accordingly, the Issue Fee payment is accepted as having been unintentionally delayed.

It is not apparent whether the person signing the statement of unintentional delay was in a position to have firsthand or direct
knowledge of the facts and circumstances of the delay at issue. Nevertheless, such statement is being treated as having been
made as the result of a reasonable inquiry into the facts and circumstances of such delay. See 37 CFR 10.18(b).and Changes to
Patent Practice and Procedure; Final Rule Notice, 62 Fed. Req. 53131, 53178 (October 10, 1997), 1203 Off. Gaz. Pat. Office 63, 103
(October 21, 1997). In the event that such an inquiry has not been made, petitioner must make such an inquiry. If such inquiry
results in the discovery that it is not correct that the entire delay in filing the required reply from the due date for the reply until
the filing of a grantable petition pursuant to 37 CFR 1.137(a) was unintentional, petitioner must notify the Office.

Telephone inquiries concerning this decision should be directed to the Patent Electronic Business Center (EBC) at 866-217-9197.

This application file is being directed to the Office of Data Management.

Office of Petitions
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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.0. Box 1450

Alexandria, Virginia 22313-1450

Www.uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR IATTORNEY DOCKET NO.| CONFIRMATION NO. J
13/959,708 08/05/2013 Gregory C. Burnett ALI-050ACON1 5622
| EXAMINER l
7590 03/10/2017
Kokka & Backus, PC PIZARRO CRESPO, MARCOS D
1 Embarcadero Center ART UNIT PAPER NUMBER
Suite 4150 | l I
San Francisco, CA 94111-3740 2814
| NOTIFICATION DATE I DELIVERY MODEJ
03/10/2017 ELECTRONIC

Notice of Abandonment

This application is abandoned in view of:
1. 0 The applicant's failure to timely file a proper reply to the Office letter mailed on

(a)@ A reply was received on (with a Certificate of Mailing or Transmission date ), which is
after the expiration of the period for reply (including a total extension of month(s)) which expired on

(b) 3 No reply has been received.

2.0 Applicant's failure to timely pay the required issue fee and publication fee, if applicable, within the statutory
period of three months from the mailing date of the Notice of Allowance (PTOL-85).

(@) 3 The issue fee and publication fee, if applicable, was received on (with a Certificate of Mailing or
Transmission date ), which is after the expiration of the statutory period for payment of the issue
fee (and publication fee) set in the Notice of Allowance (PTOL-85).

(6) A The submitted fee of $ is insufficient. A balance of $ is due.

The issue fee required by 37 CFR 1.18is §
The publication fee, if required by 37 CFR 1.18(d), is $

(c) & The issue fee and publication fee, if applicable, has not been received.
3.0 Applicant's failure to timely file corrected drawings as required by, and within the three-month period set in, the
Notice of Allowability (PTO-37).

(a)Q Proposed corrected drawings were received on (with a Certificate of Mailing or Transmission
dated ), which is after the expiration of the period for reply.

(b) 3 No corrected drawing have been received.

4. X1 Applicant's failure to timely file the inventor's oath or declaration no later than the date on which the issue fee
was paid as required by the Notice Requiring Inventor's Oath or Declaration (PTO-2306).

(@)d An inventor's oath or declaration was received on (with a Certificate of Mailing or Transmission date
), which is after the date on which the issue fee was paid.

(b)Q While an oath or declaration (or substitute statement) for one or more inventors was received, an oath or
declaration (or substitute statement) for at least one other inventor has not been received.

(c)ﬁ No inventor's oath or declaration has been received.
5. 0 Drawings received on were disapproved by examiner. See examiner's response dated

6. 0 Corrected drawings were received on , which is after the expiration of the one-month period for reply
set in examiner's response dated

7.0 No corrected drawings have been received in reply to one-month period set in examiner's response dated

8. 3 The reason(s) below:

Petitions to revive under 37 CFR 1.137(a) or (b), or request to withdraw the holding of abandonment under 37 CFR
1.181, should be promptly filed to minimize any negative effects on patent term.

571 -272- 420(?11 (888)- 786 0101
Patent Publication Branch

Office of Data Management

FORM PTO-ABNO (Rev. 06/09)
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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

I EXAMINER |
15516 7590 1112112016
Kokka & Backus, PC PIZARRO CRESPO, MARCOS D
1 Embarcadero Center
Suite 4150 I ART UNIT PAPERNUMBER |
San Francisco, CA 94111-3740 2814
DATE MAILED: 11/21/2016
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. | CONFIRMATION NO.
13/959,708 08/05/2013 Gregory C. Burnett ALI-050ACON1 5622

TITLE OF INVENTION: FORMING VIRTUAL MICROPHONE ARRAYS USING DUAL OMNIDIRECTIONAL MICROPHONE ARRAY (DOMA)

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

nonprovisional UNDISCOUNTED $960 $0 $0 $960 02/21/2017

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 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
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 (f required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. 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.

III. 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: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. 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.

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

15516 7590 11/21/2016
Kokka & Backus, PC
1 Embarcadero Center
Suite 4150
San Francisco, CA 94111-3740

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

Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission
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
addressed to the Mail Stop ISSUE FEE address above, or being facsimile
transmitted to the USPTO (571) 273-2885, on the date indicated below.

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/959,708 08/05/2013 Gregory C. Burnett ALI-050ACON1 5622
TITLE OF INVENTION: FORMING VIRTUAL MICROPHONE ARRAYS USING DUAL OMNIDIRECTIONAL MICROPHONE ARRAY (DOMA)
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 02/21/2017
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
PIZARRO CRESPO, MARCOS D 2814 381-092000

1. Change of correspondence address or indication of "Fee Address" (37
CFR 1.363).

a Change of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ “Fee Address” indication (or "Fee Address" Indication form
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer
Number is required.

2. For printing on the patent front page, list

(1) The names of up to 3 registered patent attorneys
or agents OR, alternatively,

(2) The name of a single firm (having as a member a 2
registered attorney or agent) and the names of up to

2 registered patent attorneys or agents. If no name is 3
listed, no name will be printed.

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 has been filed for
recordation as set forth in 37 CFR 3.11. 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 [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

[ Issue Fee
[ Publication Fee (No small entity discount permitted)
[ Advance Order - # of Copies

[ A check is enclosed.
| Payment by credit card. Form PTO-2038 is attached.

(1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
| Applicant certifying micro entity status. See 37 CFR 1.29

| Applicant asserting small entity status. See 37 CFR 1.27

| Applicant changing to regular undiscounted fee status.

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.

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

Registration No.

Typed or printed name

PTOL-85 Part B (10-13) Approved for use through 10/31/2013.

Page 2 of 3

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

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
13/959,708 08/05/2013 Gregory C. Burnett ALI-050ACON1 5622
I EXAMINER |
15516 7590 1112112016
Kokka & Backus, PC PIZARRO CRESPO, MARCOS D
1 Embarcadero Center
Suite 4150 I ART UNIT PAPERNUMBER |
San Francisco, CA 94111-3740 2814

DATE MAILED: 11/21/2016

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 3of 3
PTOL-85 (Rev. 02/11)
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IApplication No. JApplicant(s)
. .. 13/959,708 iGregory C. Burnett
Notice Requiring Inventor’s Oath or
Declaration Fxaminer Art Unit
PIZARRO CRESPO, MARCOS pR814
D

This notice is an attachment to the Notice of Allowability (PTOL-37), or the Notice of Allowability For A Design
Application (PTOL-37D).

An inventor’s oath or declaration in compliance with 37 CFR 1.63 or 1.64 executed by or with respect to each
inventor has not yet been submitted.

An oath or declaration in compliance with 37 CFR 1.63, or a substitute statement in compliance with 37 CFR
1.64, executed by or with respect to each inventor (for any inventor for which a compliant oath, declaration, or
substitute statement has not yet been submitted) MUST be filed no later than the date on which the issue fee is
paid. See 35 U.S.C. 115(%). Failure to timely comply will result in ABANDONMENT of this application.

A properly executed inventor’s oath to declaration has not been received for the following inventor(s):

If applicant previously filed one or more oaths, declarations, or substitute statements, applicant may have received
an informational notice regarding deficiencies therein.

The following deficiencies are noted:

INFORMAL ACTION PROBLEMS
* A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Gregory C. Burnett.
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and
Fee(s) Due, PTOL-85, is mailed.

Questions relating to this Notice should be directed to the Application Assistance Unit at 571-272-4200.

U.S. Patent and Trademark Office

PTO-2306 (01-13) Notice Requiring Inventor’s Oath or Declaration
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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 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, 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. 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.

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)
13/959,708 BURNETT, GREGORY C.
: i i i AlA (First Inventor to
Notice of Allowability "\EA’;?C”;'S"S —— ‘2\; f"" File) Statis
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. [X] This communication is responsive to the submssion filed on 4/19/2016.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [[] 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. [X] The allowed claim(s) is/are 2-21. 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
hitp://www.usplto.gov/patents/init_evenis/pgh/index.jsp or send an inquiry to PPHfeadbacki@usnio.goy .

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

a)[J Al b)[dSome *c) [] None of the:
1. [] Certified copies of the priority documents have been received.
2. [] Certified copies of the priority documents have been received in Application No.
3. [[] 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.

[0 including changes required by the attached Examiners 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. IX] Examiner's Amendment/Comment

2. [X] Information Disclosure Statements (PTO/SB/08), 6. [] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date 4/19/2016

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

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

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 22
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Application/Control Number: 13/959,708 (Allowability Notice) Page 2
Art Unit: 2814

Attorney's Docket Number: ALI-050ACON1
Filing Date: 8/5/2013
Claimed Foreign Priority Date: none
Applicant(s): Burnett
Examiner: Marcos D. Pizarro

Detailed Action / Examiner's Comment
This Office action responds to the submission filed on 4/19/2016.
Notice of Pre-AIA or AIA Status
1. The present application is being examined under the pre-AlA first to invent
provisions. In the event the determination of the status of the application as subject to
pre-AlA is incorrect, any correction of the statutory basis for a rejection, as subject to
AlA instead, 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.
Terminal Disclaimer
2. The terminal disclaimers filed on 11/2/2015 disclaiming the terminal portion of
any patent granted on this application which would extend beyond the expiration date of
U.S. Patent No. 8,494,177 and any patent issued on U.S. Application No. 13/948,160
has been reviewed and is accepted.
Reasons for Allowance
3. Claims 2-21 are allowed.
4. 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
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Application/Control Number: 13/959,708 (Allowability Notice) Page 3
Art Unit: 2814

accompany the issue fee. Such submissions should be clearly labeled “Comments on
Allowance.”

Conclusion
5. Papers related to this application may be submitted directly to Art Unit 2814 by
facsimile transmission. The faxing of such papers must conform with the notice
published in the Official Gazette, 1096 OG 30 (15 November 1989). The Art Unit 2814
Fax Center number is (671) 273-8300. The Art Unit 2814 Fax Center is to be used only
for papers related to Art Unit 2814 applications.
6. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Marcos D. Pizarro at (571) 272-1716 and between the
hours of 7:00 AM to 3:00 PM (Eastern Standard Time) Monday through Friday or by e-
mail via Marcos.Pizarro@USPTO.gov. If attempts to reach the examiner by telephone
are unsuccessful, the examiner’s supervisor, Wael Fahmy, can be reached on 571-272-
1705. Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either private PAIR or public PAIR. Status
information for unpublished applications is available through private PAIR only. For
more information about the PAIR system, see http:/pair-direct.uspto.gov. Should you
have questions on access to the private PAIR system, contact the Electronic Business
Center (EBC) at 866-217-9197 (toll-free).

/Marcos D. Pizarro/

I1V|6PI/\|mp vor 2016 Primary Examiner
ovember Art Unit 2814
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Doc code: RCEX PTO/SB/30EFS (07-09)

Doc description: Request for Continued Examination (RCE) Approved for use through 07/31/2012. 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.

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

Application | 000 708 Filing | 5008-06-13 Docket Number |, | 1504 cont A og1a
Number Date (if applicable) Unit

First Named Gregory C. Burnett Examiner WEISS, Howard

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).

D 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 not checked.

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

[] Other

X] Enclosed

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

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

[] other

MISCELLANEOUS

D 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.
|:] The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

X] Patent Practitioner Signature

[[] Applicant Signature

EFS - Web2.1.15
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Doc code: RCEX
Doc description: Request for Continued Examination (RCE)

PTO/SB/30EFS (07-09)

Approved for use through 07/31/2012. 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

Date (YYYY-MM-DD)

2016-04-19

Name

Scott S, Kokka

Registration Number

51893

This collection of information is required by 37 CFR 1.114. 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.
If you need assistance in completing the form, call 1-800-PTO-9799 and select option 2.

EFS - Web2.1.15
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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.USpLo.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO.
13/959,708 08/05/2013 Gregory C. Burnett ALI-050ACONI1 5622
15516 7590 01/26/2016
EXAMINER
Kokka & Backus, PC I
703 High Street WEISS, HOWARD

Palo Alto, CA 94301

I ART UNIT I PAPER NUMBER
2814
| MAIL DATE I DELIVERY MODE
01/26/2016 PAPER

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.

PTOL-90A (Rev. 04/07)
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Application No. : 13959708
Applicant : Burnett
Filing Date : 08/05/2013
Date Mailed : 01/27/2016

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Notice of Allowance Mailed

This application has been accorded an Allowance Date and is being prepared for issuance. The
application, however, is incomplete for the reasons below.

Applicant is given two (2) months from the mail date of this Notice within which to respond. This
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS.

The application is not in compliance with 37 CFR 1.78, as indicated in the attachment. The consequences
of failure to respond within the above-identified time period are set forth in the attachment.

Even if the Office has recognized a benefit claim and has entered it into the Office’s database and
included it on applicant’s filing receipt, the benefit claim is not a proper benefit claim unless the reference
in compliance with 37 CFR 1.78 is included, depending upon the application’s filing date and as indicated
in the attachment, in an application data sheet or in the first sentence(s) of the specification and all other
requirements are met.

See attachment.

A copy of this notice MUST be returned with the reply. Please address response to
“Mail Stop Issue Fee, Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450".

/Kam Sin/

Publication Branch
Office of Data Management
(571) 272-4200
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APPLICATION FILED ON OR AFTER MARCH 16, 2013,
NOT IN COMPLIANCE WITH 37 CFR 1.78

The 37 CFR 1.78(c)(2) reference on the application data sheet does not indicate the relationship (continuation, division, continuation-in-
part) to the prior U.S. nonprovisional application or international application designating the U.S. See document coded dated , listing
application number(s) .

The 37 CFR 1.78(c)(2) reference on the application data sheet does not provide the U.S. nonprovisional application number (series code
and serial number) or, with respect to an international PCT application designating the U.S., it provides the international application
number or international filing date but not both. See document coded dated, in which the following is missing: .

The 37 CFR 1.78(c)(2) reference on the application data sheet shows an incorrect, incomplete, or illegible U.S. nonprovisional
application number, international PCT application number, or international PCT filing date. See document coded ADS dated
11/02/2013, in which the following error was made: 12/139355 is incorrect.

The 37 CFR 1.78(c)(2) reference to the prior U.S. nonprovisional application or international application designating the U.S. is not
present on an application data sheet, thus removing the validating link under 35 U.S.C. 119(a)~(d) to a prior foreign application or under
35 U.S.C. 119(e) to a prior U.S. provisional application.

The 37 CFR 1.78(c)(2) reference to the prior U.S. nonprovisional application or international application designating the U.S. is not
present on an application data sheet.

The 37 CFR 1.78(a)(3) reference to the prior U.S. provisional application is not present on an application data sheet.

The 37 CFR 1.78(a)(3) reference to the prior U.S. provisional application on an application data sheet does not provide the provisional
application number (series code and serial number). See document coded dated , in which the following is missing;: .

The 37 CFR 1.78(a)(3) reference to the prior U.S. provisional application on an application data sheet shows an incorrect, incomplete,
or illegible U.S. provisional application number. See document coded dated , in which the following error was made: .

Other: .

HOW TO RESPOND

A proper response to this notice would include: (1) a corrected Application Data Sheet (ADS) pursuant to 37 CFR 1.76(c) which

provides the benefit information from the attached filing receipt which would make the benefit information comply with 37 CFR 1.78(c)(2) or
37 CFR 1.78(a)(3) or (2) a petition filed pursuant to the provisions of 37 CFR 1.78(b) or 37 CFR 1.78(d) if the benefit information from the
attached filing receipt does not accurately reflect the benefits under 35 U.S.C. 119(e), 120, 121 or 365(c) as claimed by applicant (a grantable
petition would include a corrected ADS as required by 37 CFR 1.78(b)(1) or 37 CFR 1.78(d)(1)).

WARNING: If Applicant fails to timely submit a proper response, the benefit information will be deleted and the patent will be printed
without the benefit information present.
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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.USplo.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. | CONFIRMATION NO.
13/959,708 08/05/2013 Gregory C. Burnett ALI-050ACONI 5622
15516 7590 01/26/2016
EXAMINER
Kokka & Backus, PC I
703 High Street WEISS, HOWARD

Palo Alto, CA 94301

I ART UNIT | PAPER NUMBER
2814
| MAIL DATE I DELIVERY MODE
01/26/2016 PAPER

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.

PTOL-90A (Rev. 04/07)
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UNITED STATES PATENT AND TRADEMARK OFFICE

Commissioner for Patents

United States Patent and Trademark Office
P.O. Box 1450

Alexandria, VA 22313-1450
www.uspto.gov

Application No. : 13959708
Applicant : Burnett
Filing Date : 08/05/2013
Date Mailed : 01/27/2016

NOTICE TO FILE CORRECTED APPLICATION PAPERS
Notice of Allowance Mailed

This application has been accorded an Allowance Date and is being prepared for issuance. The
application, however, is incomplete for the reasons below.

Applicant is given two (2) months from the mail date of this Notice within which to respond. This
time period for reply is extendable under 37 CFR 1.136(a) for only TWO additional MONTHS.

The application is not in compliance with 37 CFR 1.78, as indicated in the attachment. The consequences
of failure to respond within the above-identified time period are set forth in the attachment.

Even if the Office has recognized a benefit claim and has entered it into the Office’s database and
included it on applicant’s filing receipt, the benefit claim is not a proper benefit claim unless the reference
in compliance with 37 CFR 1.78 is included, depending upon the application’s filing date and as indicated
in the attachment, in an application data sheet or in the first sentence(s) of the specification and all other
requirements are met.

See attachment.

A copy of this notice MUST be returned with the reply. Please address response to
“Mail Stop Issue Fee, Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450".

/Kam Sin/

Publication Branch
Office of Data Management
(571) 272-4200
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APPLICATION FILED ON OR AFTER MARCH 16, 2013,
NOT IN COMPLIANCE WITH 37 CFR 1.78

The 37 CFR 1.78(c)(2) reference on the application data sheet does not indicate the relationship (continuation, division, continuation-in-
part) to the prior U.S. nonprovisional application or international application designating the U.S. See document coded dated , listing
application number(s) .

The 37 CFR 1.78(c)(2) reference on the application data sheet does not provide the U.S. nonprovisional application number (series code
and serial number) or, with respect to an international PCT application designating the U.S., it provides the international application
number or international filing date but not both. See document coded dated, in which the following is missing: .

The 37 CFR 1.78(c)(2) reference on the application data sheet shows an incorrect, incomplete, or illegible U.S. nonprovisional
application number, international PCT application number, or international PCT filing date. See document coded ADS dated
11/02/2013, in which the following error was made: 12/139355 is incorrect.

The 37 CFR 1.78(c)(2) reference to the prior U.S. nonprovisional application or international application designating the U.S. is not
present on an application data sheet, thus removing the validating link under 35 U.S.C. 119(a)~(d) to a prior foreign application or under
35 U.S.C. 119(e) to a prior U.S. provisional application.

The 37 CFR 1.78(c)(2) reference to the prior U.S. nonprovisional application or international application designating the U.S. is not
present on an application data sheet.

The 37 CFR 1.78(a)(3) reference to the prior U.S. provisional application is not present on an application data sheet.

The 37 CFR 1.78(a)(3) reference to the prior U.S. provisional application on an application data sheet does not provide the provisional
application number (series code and serial number). See document coded dated , in which the following is missing;: .

The 37 CFR 1.78(a)(3) reference to the prior U.S. provisional application on an application data sheet shows an incorrect, incomplete,
or illegible U.S. provisional application number. See document coded dated , in which the following error was made: .

Other: .

HOW TO RESPOND

A proper response to this notice would include: (1) a corrected Application Data Sheet (ADS) pursuant to 37 CFR 1.76(c) which

provides the benefit information from the attached filing receipt which would make the benefit information comply with 37 CFR 1.78(c)(2) or
37 CFR 1.78(a)(3) or (2) a petition filed pursuant to the provisions of 37 CFR 1.78(b) or 37 CFR 1.78(d) if the benefit information from the
attached filing receipt does not accurately reflect the benefits under 35 U.S.C. 119(e), 120, 121 or 365(c) as claimed by applicant (a grantable
petition would include a corrected ADS as required by 37 CFR 1.78(b)(1) or 37 CFR 1.78(d)(1)).

WARNING: If Applicant fails to timely submit a proper response, the benefit information will be deleted and the patent will be printed
without the benefit information present.
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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

I EXAMINER |
15516 7590 01/19/2016
Kokka & Backus, PC WEISS, HOWARD
703 High Street
Palo Alto, CA 94301 I ART UNIT PAPER NUMBER |
2814
DATE MAILED: 01/19/2016
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKETNO. | CONFIRMATION NO.
13/959,708 08/05/2013 Gregory C. Burnett ALI-050ACON1 5622

TITLE OF INVENTION: FORMING VIRTUAL MICROPHONE ARRAYS USING DUAL OMNIDIRECTIONAL MICROPHONE ARRAY (DOMA)

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

nonprovisional UNDISCOUNTED $960 $0 $0 $960 04/19/2016

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 1/2 the amount of undiscounted fees, and micro entity fees are 1/2 the amount of small entity
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 (f required). If you are charging the fee(s) to your deposit account, section "4b"
of Part B - Fee(s) Transmittal should be completed and an extra copy of the form should be submitted. 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.

III. 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: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

Page 1 of 3
PTOL-85 (Rev. 02/11)
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commissioner for Patents
P.O. Box 1450
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
apé)ropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unlef:ss corrfected 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

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Eapers. Each additional paper, such as an assignment or formal drawing, must
ave its own certificate of mailing or transmission.

Certificate of Mailing or Transmission

15516 7590 01/19/2016 I hereby certify that this Fee(s) Transmittal is being deposited with the United
Kokka & Backus, PC States Postal Service with sufficient postage for first class mail in an envelope
703 Hieh Street addressed to the Mail Stop ISSUE FEE address above, or being facsimile

18 ecl transmitted to the USPTO (571) 273-2885, on the date indicated below.

Palo Alto, CA 94301

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
13/959,708 08/05/2013 Gregory C. Burnett ALI-050ACON1 5622
TITLE OF INVENTION: FORMING VIRTUAL MICROPHONE ARRAYS USING DUAL OMNIDIRECTIONAI, MICROPHONE ARRAY (DOMA)
I APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $960 $0 $0 $960 04/19/2016

I EXAMINER | ART UNIT | CLASS-SUBCLASS |
WEISS, HOWARD 2814 381-092000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) The names of up to 3 registered patent attorneys
a Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . . . 2
(2) The name of a single firm (having as a member a
(] "Fee Address"” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.
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 has been filed for
recordation as set forth in 37 CFR 3.11. 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 [ Government

4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)
[ Issue Fee [ A check is enclosed.
[ Publication Fee (No small entity discount permitted) | Payment by credit card. Form PTO-2038 is attached.
[ Advance Order - # of Copies (1 The director is hereby authorized to charge the required fee(s), any deficiency, or credits any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

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

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

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

| Applicant changing to regular undiscounted fee status. NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

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 (10-13) Approved for use through 10/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

-59 -



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

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
13/959,708 08/05/2013 Gregory C. Burnett ALI-050ACON1 5622
I EXAMINER |
15516 7590 01/19/2016
Kokka & Backus, PC WEISS, HOWARD
703 High Street
Palo Alto, CA 94301 I ART UNIT PAPER NUMBER |

2814

DATE MAILED: 01/19/2016

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 3of 3
PTOL-85 (Rev. 02/11)
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IApplication No. JApplicant(s)

. .. 13/959,708 iGregory C. Burnett
Notice Requiring Inventor’s Oath or
Declaration Fxaminer [Art Unit
[WEISS, HOWARD 2814

This notice is an attachment to the Notice of Allowability (PTOL-37), or the Notice of Allowability For A Design
Application (PTOL-37D).

An inventor’s oath or declaration in compliance with 37 CFR 1.63 or 1.64 executed by or with respect to each
inventor has not yet been submitted.

An oath or declaration in compliance with 37 CFR 1.63, or a substitute statement in compliance with 37 CFR
1.64, executed by or with respect to each inventor (for any inventor for which a compliant oath, declaration, or
substitute statement has not yet been submitted) MUST be filed no later than the date on which the issue fee is
paid. See 35 U.S.C. 115(%). Failure to timely comply will result in ABANDONMENT of this application.

A properly executed inventor’s oath to declaration has not been received for the following inventor(s):

If applicant previously filed one or more oaths, declarations, or substitute statements, applicant may have received
an informational notice regarding deficiencies therein.

The following deficiencies are noted:

INFORMAL ACTION PROBLEMS
* A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Gregory C. Burnett.
Applicant may submit the inventor's oath or declaration at any time before the Notice of Allowance and
Fee(s) Due, PTOL-85, is mailed.

Questions relating to this Notice should be directed to the Application Assistance Unit at 571-272-4200.

U.S. Patent and Trademark Office

PTO-2306 (01-13) Notice Requiring Inventor’s Oath or Declaration
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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 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, 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. 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.

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)
13/959,708 BURNETT, GREGORY C.
: i i i AlA (First Inventor to
Notice of Allowability }a‘gc‘vg\‘;g WEISS/ ‘2\;2"“ File) Statis
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. [X] This communication is responsive to a reply filed 11/2/2015.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on

2. [[] 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. [X] The allowed claim(s) is/are 2-21. 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
hftp:fwww.usplo.gov/patenis/int_events/gph/indax.jsp or send an inquiry to PPHieedhack@usplo.qov .

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

a)[J Al b)[dSome *c) [] None of the:
1. [] Certified copies of the priority documents have been received.
2. [] Certified copies of the priority documents have been received in Application No.
3. [[] 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.

[0 including changes required by the attached Examiners 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. [[] Examiner's Amendment/Comment

2. [J Information Disclosure Statements (PTO/SB/08), 6. [X] Examiner's Statement of Reasons for Allowance
Paper No./Mail Date

3. [ Examiner's Comment Regarding Requirement for Deposit 7. [ Other .

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

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13) Notice of Allowability Part of Paper No./Mail Date 20160113
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Application/Control Number: 13/959,708 Page 2
Art Unit: 2814

Attorney's Docket Number: ALI-050ACON1

Filing Date: 8/5/2013

Continuing Data: a continuation of 12/139,333 (06/13/2008 now U. S. Patent No.
8,503,691) which claims benefit of 60/934,551 (06/13/2007) and claims
benefit of 60/953,444 (08/01/2007) and claims benefit of 60/954,712
(08/08/2007) and claims benefit of 61/045,377 (04/16/2008); RCE
established 4/21/2015

Claimed Foreign Priority Date: none

Applicant(s): Burnett

Examiner: Howard Weiss

Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

Terminal Disclaimer
2. The terminal disclaimers filed on 11/2/2015 disclaiming the terminal portion of any
patent granted on this application which would extend beyond the expiration date of
U.S. Patent No. 8,494,177 and any patent issued on U.S. Application No.

13/948,160 has been reviewed and is accepted.

Reasons for Allowance
3. The following is an examiner’s statement of reasons for allowance: the filing of the
TDs on 11/2/215.

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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Conclusion
4. Papers related to this application may be submitted directly to Art Unit 2814 by
facsimile transmission. The faxing of such papers must conform with the notice
published in the Official Gazette, 1096 OG 30 (15 November 1989). The Art Unit
2814 Fax Center number is {§71} 273-8308. The Art Unit 2814 Fax Center is to be

used only for papers related to Art Unit 2814 applications.

5. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Howard Weiss at (571) 272-1720 and between the
hours of 7:00 AM to 3:00 PM (Eastern Standard Time) Monday through Friday or by
e-mail via Howard . Weiss@uspioc.g

telephone are unsuccessful, the examiner's supervisor, Wael Fahmy, can be
reached on (571) 272-1705.

6. Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published
applications may be obtained from either Private PAIR or Public PAIR. Status
information for unpublished applications is available through Private PAIR only. For
more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free).
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7. The following list is the Examiner's field of search for the present Office Action:

U.S. Class / Subclass(es): HO4R 3/005, 2410/05; G10L
2021/02165, 21/0208

Thru 1/13/2016

Other Documentation: none

Electronic Database(s): EAST

Thru 1/13/2016

/Howard Weiss/
HW/hw Primary Examiner

14 January 2016 Art Unit 2814
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Application Number

Application/Control No.

Applicant(s)/Patent under
Reexamination

H‘ ‘ “H “N “ 13/959,708 BURNETT, GREGORY C.
Document Code - DISQ Internal Document — DO NOT MAIL
TERMINAL
DISCLAIMER XI APPROVED [1 DISAPPROVED

Date Filed : 11/2/15

This patent is subject
to a Terminal
Disclaimer

Approved/Disapproved by:

ANDRE ROBINSON

2 TDS WERE APPRVD.

U.S. Patent and Trademark Office
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
13/959,708 08/05/2013 Gregory C. Burnett ALI-050ACON1
CONFIRMATION NO. 5622
15516 POA ACCEPTANCE LETTER
Kokka & Backus, PC
705 igh Stee M

Palo Alto, CA 94301
Date Mailed: 11/09/2015

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY

This is in response to the Power of Attorney filed 11/02/2015.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

Questions about the contents of this notice and the
requirements it sets forth should be directed to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4000 or (571) 272-4200 or 1-888-786-0101.

/mbeyene/

page 1 of 1
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Atty. Docket No.: ALI-05S0ACON1
Serial No.: 13/959,708

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of:
Gregory C. Burnett

Application Serial No.: 13/959,708

Filing Date: August 5,2013

For: FORMING VIRTUAL MICROPHONE
ARRAYS USING DUAL

OMNIDIRECTIONAL MICROPHONE
ARRAY (DOMA)

Examiner: WEISS, Howard

Group Art Unit: 2814

Confirmation No.: 5622

Transmission Date: November 2, 2015

Atty. Docket No.: ALI-050ACON1

CERTIFICATE OF EFS-WEB TRANSMISSION

I hereby certify that this correspondence is being transmitted via the U.S.
Patent and Trademark Office electronic filing system (EFS-Web) to the

Signed:

USPTO on November 2, 2?; 5.+ M

/ Kate M. delan

RESPONSE TO OFFICE ACTION

Dear Sir or Madam:

In response to the Non-Final Office Action, mailed May 1, 2015, Applicant respectfully

submits herewith a complete claim listing and remarks as well as (1) a Terminal Disclaimer

under 37 C.F.R. § 1.321(c) to Obviate an Obviousness-Type Double Patenting Rejection and (2)

a Terminal Disclaimer Under 37 C.F.R § 1.321 to Obviate a Provisional Obviousness-Type

Double Patenting Rejection. Please also find enclosed (3) an Application Data Sheet (corrected),

(4) a Statement Under 37 C.F.R. § 3.73(c), and (5) a Power of Attorney (Form PTO/SB/80).
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CLAIM LISTING

1. (Cancelled)

2. (Previously presented) A device, comprising:

a first virtual microphone comprising a first combination of a first microphone signal and
a second microphone signal, wherein the first microphone signal is generated by a first physical
microphone and the second microphone signal is generated by a second physical microphone;

a second virtual microphone comprising a second combination of the first microphone
signal and the second microphone signal, wherein the second combination is different from the
first combination, wherein the first virtual microphone and the second virtual microphone are
distinct virtual directional microphones with substantially similar responses to noise and
substantially dissimilar responses to speech; and

a signal processor coupled with the first and second microphone signals and operative to
combine the first and second microphone signals by filtering and summing in the time domain, to
apply a varying linear transfer function between the first and second microphone signals, and to

generate an output signal having noise content that is attenuated with respect to speech content.

3. (Previously presented) The device of Claim 2, wherein the signal processor comprises

one or more digital signal processors (DSPs).

4. (Previously presented) The device of Claim 2, wherein the noise content comprises

acoustic noise and the speech content comprises human speech.
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5. (Previously presented) The device of Claim 2, wherein the signal processor is operative

to add a delay to the first microphone signals.

6. (Previously presented) The device of Claim 5, wherein the signal processor is operative
to raise the delay to a power that is proportional to a time difference between arrival of the

speech at the first virtual microphone and arrival of the speech at the second virtual microphone.

7. (Previously presented) The device of Claim 5, wherein the signal processor is operative
to raise the delay to a power that is proportional to a sampling frequency multiplied by a quantity
equal to a third distance subtracted from a fourth distance, the third distance being between the
first physical microphone and a speech source of the speech and the fourth distance being

between the second physical microphone and the speech source.

8. (Previously presented) The device of Claim 2, wherein the first and second physical

microphones comprise omnidirectional microphones.

9. (Previously presented) The device of Claim 2, wherein the first and second physical

microphones are included in a microphone array.

10. (Previously presented) The device of Claim 2, wherein the first physical microphone

and the second physical microphones are disposed along an axis and are separated from each

other by a first distance.
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11. (Previously presented) The device of Claim 10, wherein a midpoint of the axis is a
second distance from a speech source that generates the speech, wherein the speech source is

located in a direction defined by an angle relative to the midpoint.

12. (Previously presented) The device of Claim 11, wherein the first virtual microphone is

formed by subtracting the second microphone signal from the first microphone signal.

13. (Previously presented) The device of Claim 11, wherein the second virtual microphone

is formed by subtracting the first microphone signal from the second microphone signal.

14. (Previously presented) The device of Claim 2, wherein the first virtual microphone is
formed by subtracting the second microphone signal from a delayed version of the first

microphone signal.

15. (Previously presented) The device of Claim 2, wherein the second virtual microphone is
formed by subtracting the first microphone signal from a delayed version of the second

microphone signal.
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16. (Previously presented) A device, comprising:

a first virtual microphone comprising a first combination of a first microphone signal and
a second microphone signal, wherein the first microphone signal is generated by a first physical
microphone and the second microphone signal is generated by a second physical microphone;

a second virtual microphone comprising a second combination of the first microphone
signal and the second microphone signal, wherein the second combination is different from the
first combination, wherein the first virtual microphone and the second virtual microphone are
distinct virtual directional microphones with substantially similar responses to noise and
substantially dissimilar responses to speech;

a virtual microphone array including the first and second virtual microphones and having
a single null oriented in a direction toward a source of speech; and

a signal processor coupled with the first and second microphone signals and operative to
combine the first and second microphone signals by filtering and summing in the time domain, to
apply a varying linear transfer function between the first and second microphone signals, and to

generate an output signal having noise content that is attenuated with respect to speech content.

17.  (Previously presented) The device of Claim 16, wherein the source of speech comprises

human speech.

18. (Previously presented) The device of Claim 16, wherein the second virtual microphone
includes a second linear response to speech and the single null comprises a region of the second
linear response to speech having a measured response level that is lower than a measured

response level of any other region of the second linear response to speech.
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19. (Previously presented) The device of Claim 16, wherein the first virtual microphone is
formed by subtracting the second microphone signal from a delayed version of the first

microphone signal.

20. (Previously presented) The device of Claim 16, wherein the second virtual microphone

is formed by subtracting the first microphone signal from a delayed version of the second

microphone signal.

21.  (Previously presented) The device of Claim 16, wherein the first and second physical

microphones are included in a microphone array.
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REMARKS

Claims 2-21 remain pending.

The Examiner has rejected claims 2-21 on the ground of non-statutory double patenting
as being unpatentable over claims 1-51 of U.S. Patent No. 8,494,177. Additionally, the
Examiner has provisionally rejected claims 2-21 on the ground of non-statutory double patenting

as being unpatentable over claims 2-21 of copending U.S. Patent Application No. 13/948,160.

The Examiner has set forth the non-statutory double patenting rejections as set forth
above. Applicant respectfully submits the enclosed Terminal Disclaimer under 37 C.F.R. §
1.321(c) to Obviate an Obviousness-Type Double Patenting Rejection and Terminal Disclaimer
Under 37 C.F.R § 1.321 to Obviate a Provisional Obviousness-Type Double Patenting Rejection

to overcome the Examiner’s non-statutory double patenting rejections.

Additionally, Applicant respectfully requests to update the Applicant information in
accordance with 37 C.F.R. § 1.46(c), and submits herewith (1) an Application Data Sheet
(corrected) (Exhibit A), (2) a Statement Under 37 C.F.R. § 3.73(c) (Exhibit B), and (3) a Power

of Attorney (Form PTO/SB/80) (Exhibit C).
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Reconsideration of the application and allowance of all claims are respectfully requested

based on the preceding remarks. If at any time the Examiner believes that an interview would be

helpful, please contact the undersigned.

Respectfull submitted,

Scott S. Kokka
Reg. No. 51,893

KOKKA & BACKUS, PC
703 High Street

Palo Alto, CA 94301-2447
Tel: (650) 566-9921

Fax: (650) 566-9922
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of:
Gregory C. Burnett

Application Serial No.: 13/959,708

Filing Date: August 5,2013

For: FORMING VIRTUAL MICROPHONE
ARRAYS USING DUAL

OMNIDIRECTIONAL MICROPHONE
ARRAY (DOMA)

Examiner: WEISS, Howard

Group Art Unit: 2814

Confirmation No.: 5622

Transmission Date: November 2, 2015

Atty. Docket No.: ALI-0S0ACON1

CERTIFICATE OF EFS-WEB TRANSMISSION

I hereby certify that this correspondence is being transmitted via the
U.S. Patent and Trademark Office electronic filing syslem (EFS-

Web) to the USPTO on November 2, 2015

Signed:

H Kate . Cleland

TERMINAL DISCLAIMER UNDER 37 C.F.R. § 1.321(c) TO OBVIATE AN

OBVIOUSNESS-TYPE DOUBLE PATENTING REJECTION

Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450

Dear Sir or Madam:

The owner(s), AliphCom (Assignee), of the entire interest in the above-identified

application hereby disclaims, except as provided below, the terminal part of the statutory term of

any patent granted on the above-identified application (hereafter “instant application™), which

would extend beyond the expiration date of the full statutory term, as defined in 35 U.S.C. §§
154 and 173, of prior United States Patent No. 8,494,177 (hereafter “prior patent”), as presently
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shortened by any terminal disclaimer. The owner hereby agrees that any patent so granted on the
instant application shall be enforceable only for and during such period that it and the prior
patent are commonly owned. This agreement runs with any patent granted on the instant

application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of any
patent granted on the instant application that would extend to the expiration date of the full
statutory term, as defined in 35 U.S.C. §§ 154 and 173, of the prior patent, as presently shortened
by any terminal disclaimer, in the event that it later: expires for failure to pay a maintenance fee,
is held unenforceable, is found invalid by a court of competent jurisdiction, is statutorily
disclaimed in whole or terminally disclaimed under 37 CFR § 1.321, has all claims canceled by a
reexamination certificate, is reissued, or is in any manner terminated prior to the expiration of its

full statutory term as presently shortened by any terminal disclaimer.
We hereby submit the amount of $160.00 to cover the statutory disclaimer fees for
undiscounted entity. If any questions arise regarding this statutory disclaimer, please contact the

undersigned attorney or agent of record.

Respectfully submitted,

Date: November 2, 2015

Reg. No. 51,893

KOKKA & BACKUS, PC
703 High Street

Palo Alto, CA 94301-2447
Tel: (650) 566-9921

Fax: (650) 566-9922
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of:
Gregory C. Burnett

Application Serial No.: 13/959,708

Filing Date: August 5,2013

For: FORMING VIRTUAL MICROPHONE
ARRAYS USING DUAL

OMNIDIRECTIONAL MICROPHONE
ARRAY (DOMA)

Examiner: WEISS, Howard

Group Art Unit: 2814

Confirmation No.: 5622

Transmission Date: November 2, 2015

Atty. Docket No.: ALI-0S0ACON1

CERTIFICATE OF EFS-WEB TRANSMISSION

I hereby certify that this correspondence is being transmitted via the
U.S. Patent and Trademark Office electronic hhng system (EFS-

Web) to the USPTO on November 2, 2015.

Signed:

/

¥ 7 Kate M. FCleld

TERMINAL DISCLAIMER UNDER 37 C.F.R. § 1.321

TO OBVIATE A PROVISIONAL OBVIOUSNESS-TYPE DOUBLE PATENTING

REJECTION

Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450

Dear Sir or Madam:

The owner(s), AliphCom (Assignee), of the entire interest in the above-identified

application hereby disclaims, except as provided below, the terminal part of the statutory term of

any patent granted on the above-identified application (hereafter “instant application’), which

would extend beyond the expiration date of the full statutory term defined in 35 U.S.C. 154 and

173 of any patent granted on pending reference Application Number 13/948,160, filed on July
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22, 2013 (hereafter “reference patent application™), as the term of any patent granted on said
reference patent application may be shortened by any terminal disclaimer filed prior to the grant
of any patent on the reference patent application. The owner(s) hereby agrees that any patent so
granted on the instant application shall be enforceable only for and during such period that it and
any patent granted on the reference patent application are commonly owned. This agreement
runs with any patent granted on the instant application and is binding upon the grantee, its

SUCCCSSOors or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of any
patent granted on the above-identified application that would extend to the expiration date of the
full statutory term as defined in 35 U.S.C. 154 and 173 of any patent(s) granted on said reference
patent application, as the term of any patent(s) granted on said reference patent application may
be shortened by any terminal disclaimer filed prior to the grant of any patent(s) on the pending
reference application, in the event that it later: expires for failure to pay a maintenance fee, is
held unenforceable, is found invalid by a court of competent jurisdiction, is statutorily
disclaimed in whole or terminally disclaimed under 37 CFR 1.321, has all claims canceled by a
reexamination certificate, is reissued or is in any matter terminated prior to the expiration of its

full statutory term as presently shortened by any terminal disclaimer.

We hereby submit the amount of $160.00 to cover the statutory disclaimer fees for
undiscounted entity. If any questions arise regarding this statutory disclaimer, please contact the

undersigned attorney or agent of record.

Reg. No. 51,893

Date: November 2. 2015

KOKKA & BACKUS, PC
703 High Street

Palo Alto, CA 94301-2447
Tel: (650) 566-9921

Fax: (650) 566-9922
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UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO.
13/959,708 08/05/2013 Gregory C. Burnett ALI-050ACON1 5622
15516 7590 05/01/2015
EXAMINER
Kokka & Backus, PC |
703 High Street WEILSS, HOWARD

Palo Alto, CA 94301

| ART UNIT | PAPER NUMBER
2814
| MAIL DATE | DELIVERY MODE
05/01/2015 PAPER

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.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
13/959,708 BURNETT, GREGORY C.

Office Action Summary Examiner Art Unit ATA (First Inventor o File)
HOWARD WEISS 2814 SN‘Z*“S

-- 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 3MONTHS 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)XI Responsive to communication(s) filed on 4/27/2015.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[] 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)[] 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 Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*

5)X Claim(s) 2-21 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6)[] Claim(s) is/are allowed.

7)X Claim(s) 2-21 is/are rejected.

8)[1 Claim(s) ____is/are objected to.

9 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
hitn /raww.usplo.gov/patenis/init_events/pph/indax.jsp or send an inquiry to PPHfeedback@uspto.qov.

Application Papers
10)[]] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on 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)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[J Al b)[J Some** ¢)[] None of the:
1.0 Certified copies of the priority documents have been received.
2. Certified copies of the priority documents have been received in Application No.
3.0 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) D Other:
Paper No(s)/Mail Date ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20150430
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Art Unit: 2814

Attorney's Docket Number: ALI-050ACON1

Filing Date: 8/5/2013

Continuing Data: a continuation of 12/139,333 (06/13/2008 now U. S. Patent No.
8,503,691) which claims benefit of 60/934,551 (06/13/2007) and claims
benefit of 60/953,444 (08/01/2007) and claims benefit of 60/954,712
(08/08/2007) and claims benefit of 61/045,377 (04/16/2008); RCE
established 4/21/2015

Claimed Foreign Priority Date: none

Applicant(s): Burnett

Examiner: Howard Weiss
Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

Double Patenting

2. The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a
patent and to prevent possible harassment by multiple assignees. A nonstatutory
double patenting rejection is appropriate where the claims at issue are not identical,
but at least one examined application claim is not patentably distinct from the
reference claim(s) because the examined application claim is either anticipated by,
or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel,
422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528,
163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the reference application or patent either is shown
to be commonly owned with this application, or claims an invention made as a result
of activities undertaken within the scope of a joint research agreement. A terminal
disclaimer must be signed in compliance with 37 CFR 1.321(b).
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The USPTO internet Web site contains terminal disclaimer forms which may be
used. Please visit http://www.uspto.gov/forms/. The filing date of the application will
determine what form should be used. A web-based eTerminal Disclaimer may be
filled out completely online using web-screens. An eTerminal Disclaimer that meets
all requirements is auto-processed and approved immediately upon submission. For
more information about eTerminal Disclaimers, refer to
http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-l.jsp.

3. Claims 2 to 21 rejected on the ground of nonstatutory double patenting as being
unpatentable over Claims 1 to 51 of U.S. Patent No. 8,494,177. Although the claims
at issue are not identical, they are not patentably distinct from each other because
both claim a first virtual microphone comprising a first combination of a first
microphone signal and a second microphone signal, wherein the first microphone
signal| is generated by a first physical microphone and the second microphone
signal is generated by a second physical microphone, a second virtual microphone
comprising a second combination of the first microphone signal and the second
microphone signal, wherein the second combination is different from the first
combination, wherein the first virtual microphone and the second virtual microphone
are distinct virtual directional microphones with substantially similar responses to
noise and substantially dissimilar responses to speech, a virtual microphone array
including the first and second virtual microphones and having a single null oriented
in a direction toward a source of speech, a signal processor coupled with the first
and second microphone signals and operative to combine the first and second
microphone signals by filtering and summing in the time domain, to apply a varying
linear transfer function between the first and second microphone signals, and to
generate an output signal having noise content that is attenuated with respect to

speech content.

4. Claims 2 to 21 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over Claims 2 to 21 of copending Application No.
13/948,160. Although the claims at issue are not identical, they are not patentably

distinct from each other because both claim a first virtual microphone comprising a
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first combination of a first microphone signal and a second microphone signal,
wherein the first microphone signal| is generated by a first physical microphone and
the second microphone signal is generated by a second physical microphone, a
second virtual microphone comprising a second combination of the first microphone
signal and the second microphone signal, wherein the second combination is
different from the first combination, wherein the first virtual microphone and the
second virtual microphone are distinct virtual directional microphones with
substantially similar responses to noise and substantially dissimilar responses to
speech, a virtual microphone array including the first and second virtual
microphones and having a single null oriented in a direction toward a source of
speech, a signal processor coupled with the first and second microphone signals
and operative to combine the first and second microphone signals by filtering and
summing in the time domain, to apply a varying linear transfer function between the
first and second microphone signals, and to generate an output signal having noise

content that is attenuated with respect to speech content.

This is a provisional nonstatutory double patenting rejection because the patentably
indistinct claims have not in fact been patented.

Terminal Disclaimer
5. The terminal disclaimers filed on 4/21/2015 disclaiming the terminal portion of any
patent granted on this application which would extend beyond the expiration date of
U.S. Patent No. 8,494,177 and any patent issued on U.S. Application No.
13/948,160 has been reviewed and is NOT accepted.

6. The terminal disclaimers do not comply with 37 CFR 1.321 because:
This application was filed on or after September 16, 2012. The party identified in the
terminal disclaimers is not the applicant of record. A request to change the applicant
under 37 CFR 1.46(c) must be filed and must include an application data sheet
specifying the applicant in the applicant information section and comply with 37 CFR
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3.71 and 3.73. To be reconsidered, the terminal disclaimers must be filed with the
request under 37 CFR 1.46(c).

7. Below is what needs to be done by Applicant to remedy the defects:

» A request under 37 CFR 1.46(c) to change the applicant needs to be filed, which
is:
1) A request, signed by a 1.33(b) party.
2) A corrected ADS (37 CFR 1.76(c)) that identifies the "NEW" Applicant in the

applicant information, and is Underlined since its new.

3) A 3.73(c) statement showing chain of title to the New Applicant.
4) A POA that gives power to the attorney who is signing the TDs.

» Resubmit TDs with these papers, NO Fee is required.

Conclusion
8. Papers related to this application may be submitted directly to Art Unit 2814 by
facsimile transmission. The faxing of such papers must conform with the notice
published in the Official Gazette, 1096 OG 30 (15 November 1989). The Art Unit
2814 Fax Center number is {571} 273-8300. The Art Unit 2814 Fax Center is to be

used only for papers related to Art Unit 2814 applications.

9. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Howard Weiss at (571) 272-1720 and between the
hours of 7:00 AM to 3:00 PM (Eastern Standard Time) Monday through Friday or by
e-mail via Howard Weiss@uspio.gov. If attempts to reach the examiner by
telephone are unsuccessful, the examiner's supervisor, Wael Fahmy, can be
reached on (571) 272-1705.

10.Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published
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applications may be obtained from either Private PAIR or Public PAIR. Status
information for unpublished applications is available through Private PAIR only. For
more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free).

11.The following list is the Examiner's field of search for the present Office Action:

U.S. Class / Subclass(es):
2021/02165, 21/0208
Other Documentation: none

HO4R 3/005, 2410/05; G10L Thru 4/30/2015

Electronic Database(s): EAST Thru 4/30/2015

/Howard Weiss/
1HV,\\/|’/hW2 5 Primary Examiner
ay 20 Art Unit 2814
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Application/Control No.

Applicant(s)/Patent under
Reexamination

HH “m “ 13/959,708 BURNETT, GREGORY C.
Document Code - DISQ Internal Document — DO NOT MAIL
TERMINAL
DISCLAIMER [J APPROVED [X] DISAPPROVED

Date Filed : 4/21/15

This patent is subject
to a Terminal
Disclaimer

Approved/Disapproved by:

2/Tds disapproved.

Td identifies a party who is not the applicant (for applications filed on/after 9/16/12), see FP

14.26.10.

Below is what needs to be done by Applicant to remedy the defects:

A request under 37 CFR 1.46(c) to change the applicant needs to be filed, which is:

1. A request, signed by a 1.33(b) party,

2. A corrected ADS (37 CFR 1.76(c) that identifies the “NEW” Applicant in the applicant

information, and is Underlined since its new, and,

3. A 3.73(c) statement showing chain of title to the New Applicant.
4. We need a POA that gives power to the attorney who is signing the Td.

Also resubmit Td with these papers, NO Fee is required.

Lawana Hixon

U.S. Patent and Trademark Office
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Doc code: RCEX PTO/SB/30EFS (07-09)

Doc description: Request for Continued Examination (RCE) Approved for use through 07/31/2012. 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.

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

Application | 45459700 Filing | 5443.08-05 Docket Number |, | 5500coN At 1 o814
Number Date (if applicable) Unit

First Named Gregory C. Burnett Examiner WEISS, Howard

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).

I:l 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 not checked.

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

[] Other

Xl Enclosed

X Amendment/Reply
|:| Information Disclosure Statement (IDS)

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

[] Other

MISCELLANEOUS

D 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.
|:| The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

[X] Patent Practitioner Signature
[] ApplicantSignature

EFS - Web 2.1.15
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Doc code: RCEX

Doc description: Request for Continued Examination (RCE)

PTO/SB/30EFS (07-09)

Approved for use through 07/31/2012. 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 e

e

Date (YYYY-MM-DD)

2014-04-21

Name Scott S. Kokka

Registration Number

51893

This collection of information is required by 37 CFR 1.114. 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.
If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.

EFS - Web 2.1.15
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Atty. Docket No.: ALI-0S0ACON1
Serial No.: 13/959,708

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of:

Gregory C. Burnett
Application Serial No.: 13/959,708
Filing Date: August 5, 2013
For: FORMING VIRTUAL MICROPHONE
ARRAYS USING DUAL

OMNIDIRECTIONAL MICROPHONE
ARRAY (DOMA)

RESPONSE

Dear Sir or Madam:

Examiner: WEISS, Howard

Confirmation No.: 5622

Group Art Unit: 2814

Transmission Date: April 21,2015

Atty. Docket No.: ALI-050ACONI1

CERTIFICATE OF EFS-WEB TRANSMISSION

I hereby certify that this correspondence is being transmitted via the U.S.
Patent and Trademark Office electronic filing system (EFS-Web) to the

Signed:

USPTO on April 21, 2015. ? ‘

Kate M. Cleland

In response to the Final Office Action mailed October 21, 2014, please find enclosed a

complete, updated claim listing and remarks as well as 1) Terminal Disclaimer under 37 C.F.R.

§1.321 to Obviate an Obviousness-Type Double Patenting Rejection and 2) Terminal Disclaimer

under 37 C.F.R. §1.321 to Obviate a Provisional Obviousness-Type Double. Applicant hereby

submits the $320 fee to cover the statutory disclaimer fees for undiscounted entity as well as a 3-

month extension of time fee of $1,400.
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CLAIM LISTING

1. (Cancelled)

2. (Previously presented) A device, comprising:

a first virtual microphone comprising a first combination of a first microphone signal and
a second microphone signal, wherein the first microphone signal is generated by a first physical

microphone and the second microphone signal is generated by a second physical microphone;

a second virtual microphone comprising a second combination of the first microphone
signal and the second microphone signal, wherein the second combination is different from the
first combination, wherein the first virtual microphone and the second virtual microphone are
distinct virtual directional microphones with substantially similar responses to noise and

substantially dissimilar responses to speech; and

a signal processor coupled with the first and second microphone signals and operative to
combine the first and second microphone signals by filtering and summing in the time domain, to
apply a varying linear transfer function between the first and second microphone signals, and to

generate an output signal having noise content that is attenuated with respect to speech content.

3. (Previously presented) The device of Claim 2, wherein the signal processor

comprises one or more digital signal processors (DSPs).
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4. (Previously presented) The device of Claim 2, wherein the noise content

comprises acoustic noise and the speech content comprises human speech.

5. (Previously presented) The device of Claim 2, wherein the signal processor

is operative to add a delay to the first microphone signals.

6. (Previously presented) The device of Claim 5, wherein the signal processor
is operative to raise the delay to a power that is proportional to a time difference between arrival
of the speech at the first virtual microphone and arrival of the speech at the second virtual

microphone.

7. (Previously presented) The device of Claim 5, wherein the signal processor
is operative to raise the delay to a power that is proportional to a sampling frequency multiplied
by a quantity equal to a third distance subtracted from a fourth distance, the third distance being
between the first physical microphone and a speech source of the speech and the fourth distance

being between the second physical microphone and the speech source.

8. (Previously presented) The device of Claim 2, wherein the first and second

physical microphones comprise omnidirectional microphones.

9. (Previously presented) The device of Claim 2, wherein the first and second

physical microphones are included in a microphone array.
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10.  (Previously presented) The device of Claim 2, wherein the first physical
microphone and the second physical microphones are disposed along an axis and are separated

from each other by a first distance.

11.  (Previously presented) The device of Claim 10, wherein a midpoint of the
axis is a second distance from a speech source that generates the speech, wherein the speech

source is located in a direction defined by an angle relative to the midpoint.

12.  (Previously presented) The device of Claim 11, wherein the first virtual
microphone is formed by subtracting the second microphone signal from the first microphone

signal.

13. (Previously presented) The device of Claim 11, wherein the second virtual
microphone is formed by subtracting the first microphone signal from the second microphone

signal.

14.  (Previously presented) The device of Claim 2, wherein the first virtual
microphone is formed by subtracting the second microphone signal from a delayed version of the

first microphone signal.

15.  (Previously presented) The device of Claim 2, wherein the second virtual

microphone is formed by subtracting the first microphone signal from a delayed version of the

second microphone signal.
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16.  (Previously presented) A device, comprising:

a first virtual microphone comprising a first combination of a first microphone signal and
a second microphone signal, wherein the first microphone signal is generated by a first physical

microphone and the second microphone signal is generated by a second physical microphone;

a second virtual microphone comprising a second combination of the first microphone
signal and the second microphone signal, wherein the second combination is different from the
first combination, wherein the first virtual microphone and the second virtual microphone are
distinct virtual directional microphones with substantially similar responses to noise and

substantially dissimilar responses to speech;

a virtual microphone array including the first and second virtual microphones and having

a single null oriented in a direction toward a source of speech; and

a signal processor coupled with the first and second microphone signals and operative to
combine the first and second microphone signals by filtering and summing in the time domain, to
apply a varying linear transfer function between the first and second microphone signals, and to

generate an output signal having noise content that is attenuated with respect to speech content.

17.  (Previously presented) The device of Claim 16, wherein the source of

speech comprises human speech.
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18.  (Previously presented) The device of Claim 16, wherein the second virtual
microphone includes a second linear response to speech and the single null comprises a region of
the second linear response to speech having a measured response level that is lower than a

measured response level of any other region of the second linear response to speech.

19.  (Previously presented) The device of Claim 16, wherein the first virtual
microphone is formed by subtracting the second microphone signal from a delayed version of the

first microphone signal.

20.  (Previously presented) The device of Claim 16, wherein the second virtual

microphone is formed by subtracting the first microphone signal from a delayed version of the

second microphone signal.

21.  (Previously presented) The device of Claim 16, wherein the first and

second physical microphones are included in a microphone array.
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REMARKS

Claims 2-21 remain pending.

The Examiner has rejected claims 2 to 21 on the ground of non-statutory double patenting
as being unpatentable over claims 1 to 51 of U.S. Patent No. 8,494,177. The Examiner has
provisionally rejected Claims 2 to 21 on the ground of non-statutory double patenting as being

unpatentable over Claims 2 to 21 of copending Application No. 13/948,160.

Applicant respectfully submits the enclosed 1) Terminal Disclaimer under 37 C.F .R.
§1.321 to Obviate an Obviousness-Type Double Patenting Rejection and 2) Terminal Disclaimer
under 37 C.F.R. §1.321 to Obviate a Provisional Obviousness-Type Double Patenting Rejection

to overcome the Examiner’s nonstatutory double patenting rejections.

Reconsideration of the application and allowance of all claims are respectfully requested
based on the preceding remarks. If at any time the Examiner believes that an interview would be

helpful, please contact the undersigned.

Respectfully submitted,

S
Scott S. Kokka
Reg. No. 51,893

KOKKA & BACKUS, PC
703 High Street

Palo Alto, CA 94301-2447
Tel: (650) 566-9921

Fax: (650) 566-9922
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Confirmation No.: 5622
Gregory C. Burnett
Examiner: WEISS, Howard
Application No.: 13/959,708
Group Art Unit: 2814
Filed: August5,2013
Date: April 21, 2015
For: FORMING VIRTUAL
MICROPHONE ARRAYS USING Atty. Docket No.: ALI-050ACON1
DUAL OMNIDIRECTIONAL
MICROPHONE ARRAY (DOMA)

CERTIFICATE OF EFS-WEB TRANSMISSION

I hereby certify that this correspondence is being transmitted via the
U.S. Patent and Trademark Office electronic filing system (EFS-
Web) to the USPTO on April 21, 2015.

Signed: ‘#M ﬂ’g’é

Kate M. Cleland

TERMINAL DISCLAIMER UNDER 37 C.F.R. § 1.321
TO OBVIATE A PROVISIONAL OBVIOUSNESS-TYPE DOUBLE
PATENTING REJECTION

Commissioner for Patents
PO Box 1450
Alexandria, VA 22313-1450

Dear Sir or Madam:

The owner(s), AliphCom (Assignee), of the entire interest in the above-identified
application hereby disclaims, except as provided below, the terminal part of the statutory
term of any patent granted on the above-identified application (hereafter “instant
application”), which would extend beyond the expiration date of the full statutory term
defined in 35 U.S.C. 154 and 173 of any patent granted on pending reference Application
Number 13/948,160, filed on July 22, 2013 (hereafter “reference patent application’), as the
term of any patent granted on said reference patent application may be shortened by any
terminal disclaimer filed prior to the grant of any patent on the reference patent application.
The owner(s) hereby agrees that any patent so granted on the instant application shall be
enforceable only for and during such period that it and any patent granted on the reference
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patent application are commonly owned. This agreement runs with any patent granted on the

instant application and is binding upon the grantee, its successors or assigns.

In making the above disclaimer, the owner does not disclaim the terminal part of any
patent granted on the above-identified application that would extend to the expiration date of
the full statutory term as defined in 35 U.S.C. 154 and 173 of any patent(s) granted on said
reference patent application, as the term of any patent(s) granted on said reference patent
application may be shortened by any terminal disclaimer filed prior to the grant of any
patent(s) on the pending reference application, in the event that it later: expires for failure to
pay a maintenance fee, is held unenforceable, is found invalid by a court of competent
jurisdiction, is statutorily disclaimed in whole or terminally disclaimed under 37 CFR 1.321,
has all claims canceled by a reexamination certificate, is reissued or is in any matter
terminated prior to the expiration of its full statutory term as presently shortened by any

terminal disclaimer.

We hereby submit the amount of $160.00 to cover the statutory disclaimer fees for
undiscounted entity. If any questions arise regarding this statutory disclaimer, please contact

the undersigned attorney or agent of record.

Respectfully submitted,

e

Scott S. Kokka
Reg. No. 51,893

Date: April 21, 2015

Kokka & Backus, PC
703 High Street

Palo Alto, CA 94301
Tel:  (650) 566-9921
Fax: (650) 566-9922
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: Confirmation No.: 5622
Gregory C. Burnett
Examiner: WEISS, Howard
Application No.: 13/959,708
Group Art Unit: 2814
Filed: August5,2013
Date: April 21, 2015
For: FORMING VIRTUAL
MICROPHONE ARRAYS USING Atty. Docket No.: ALI-0S50ACON1
DUAL OMNIDIRECTIONAL
MICROPHONE ARRAY (DOMA)

CERTIFICATE OF EFS-WEB TRANSMISSION

I hereby certify that this correspondence is being transmitted via the
U.S. Patent and Trademark Office electronic filing system (EFS-

Web) to the USPTO on April 21, 2015.

Signed: %M

¥ Kate M. Cleland

TERMINAL DISCLAIMER UNDER 37 C.F.R. § 1.321(c) TO OBVIATE AN
OBVIOUSNESS-TYPE DOUBLE PATENTING REJECTION

Dear Sir:

The owner, AliphCom (Assignee), of the entire interest in the above-identified
application hereby disclaims, except as provided below, the terminal part of the statutory
term of any patent granted on the above-identified application (hereafter ‘“instant
application”), which would extend beyond the expiration date of the full statutory term, as
defined in 35 U.S.C. §§ 154 and 173, of prior United States Patent No. 8,494,177 (hereafter
“prior patent”), as presently shortened by any terminal disclaimer. The owner hereby agrees
that any patent so granted on the instant application shall be enforceable only for and during
such period that it and the prior patent are commonly owned. This agreement runs with any
patent granted on the instant application and is binding upon the grantee, its successors or

assigns.
In making the above disclaimer, the owner does not disclaim the terminal part of any

patent granted on the instant application that would extend to the expiration date of the full
statutory term, as defined in 35 U.S.C. §§ 154 and 173, of the prior patent, as presently

-100 -



Atty. Docket No.: ALI-050ACON1

Serial No.: 13/959,708

shortened by any terminal disclaimer, in the event that it later: expires for failure to pay a

maintenance fee, is held unenforceable, is found invalid by a court of competent jurisdiction,

is statutorily disclaimed in whole or terminally disclaimed under 37 CFR § 1.321, has all

claims canceled by a reexamination certificate, is reissued, or is in any manner terminated

prior to the expiration of its full statutory term as presently shortened by any terminal
disclaimer.

We hereby submit the amount of $160.00 to cover the statutory disclaimer fee for
undiscounted entity. If any questions arise regarding this statutory disclaimer, please contact

the undersigned attorney or agent of record.

Respectfully submitted,

Date: April 21,2015 Scott S. Kokka
Reg. No. 51,893

Kokka & Backus, PC
703 High Street

Palo Alto, CA 94301-2447
Tel: (650) 566-9921

Fax: (650) 566-9922
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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

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. | CONFIRMATION NO. |
13/959,708 08/05/2013 Gregory C. Burnett ALI-050ACONI1 5622
15516 7590 1072112014 | |
EXAMINER
Kokka & Backus, PC
703 High Street WEISS, HOWARD
Palo Alto, CA 94301
| ART UNIT | PAPER NUMBER |
2814
| MAIL DATE | DELIVERY MODE |
10/21/2014 PAPER

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.

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
13/959,708 BURNETT, GREGORY C.

Office Action Summary Examiner Art Unit AA (First Inventor to File)
HOWARD WEISS 2814 SN‘Z‘“S

-- 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 8/12/2014.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on
2a)[X] This action is FINAL. 2b)[] This action is non-final.
3)[] 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)[] 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 Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*

5[ Claim(s) 2-21 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6)[1 Claim(s) is/are allowed.

7)X Claim(s) 2-21 is/are rejected.

8)[] Claim(s) ____is/are objected to.

9] 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
hitn /raww. usplo.gov/patents/init_events/pph/indax.jsp or send an inquiry to PPHieedback@uspto.qov.

Application Papers
10)[]] The specification is objected to by the Examiner.
11)] The drawing(s) filed on 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)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[J Al b)[J Some** ¢)[] None of the:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 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) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 |:| Other-
Paper No(s)/Mail Date ) ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20141014
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Application/Control Number: 13/959,708 Page 2
Art Unit: 2814

Attorney's Docket Number: ALI-050ACON1

Filing Date: 8/5/2013

Continuing Data: a continuation of 12/139,333 (06/13/2008 now U. S. Patent No.
8,503,691) which claims benefit of 60/934,551 (06/13/2007) and claims
benefit of 60/953,444 (08/01/2007) and claims benefit of 60/954,712
(08/08/2007) and claims benefit of 61/045,377 (04/16/2008)

Claimed Foreign Priority Date: none

Applicant(s): Burnett

Examiner: Howard Weiss
Notice of Pre-AlA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

Double Patenting

2. The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a
patent and to prevent possible harassment by multiple assignees. A nonstatutory
double patenting rejection is appropriate where the claims at issue are not identical,
but at least one examined application claim is not patentably distinct from the
reference claim(s) because the examined application claim is either anticipated by,
or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel,
422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528,
163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the reference application or patent either is shown
to be commonly owned with this application, or claims an invention made as a result
of activities undertaken within the scope of a joint research agreement. A terminal
disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO internet Web site contains terminal disclaimer forms which may be
used. Please visit http://www.uspto.gov/forms/. The filing date of the application will
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determine what form should be used. A web-based eTerminal Disclaimer may be
filled out completely online using web-screens. An eTerminal Disclaimer that meets
all requirements is auto-processed and approved immediately upon submission. For
more information about eTerminal Disclaimers, refer to
http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-1.jsp.

3. Claims 2 to 21 rejected on the ground of nonstatutory double patenting as being
unpatentable over Claims 1 to 51 of U.S. Patent No. 8,494,177. Although the claims
at issue are not identical, they are not patentably distinct from each other because
both claim a first virtual microphone comprising a first combination of a first
microphone signal and a second microphone signal, wherein the first microphone
signal| is generated by a first physical microphone and the second microphone
signal is generated by a second physical microphone, a second virtual microphone
comprising a second combination of the first microphone signal and the second
microphone signal, wherein the second combination is different from the first
combination, wherein the first virtual microphone and the second virtual microphone
are distinct virtual directional microphones with substantially similar responses to
noise and substantially dissimilar responses to speech, a virtual microphone array
including the first and second virtual microphones and having a single null oriented
in a direction toward a source of speech, a signal processor coupled with the first
and second microphone signals and operative to combine the first and second
microphone signals by filtering and summing in the time domain, to apply a varying
linear transfer function between the first and second microphone signals, and to
generate an output signal having noise content that is attenuated with respect to
speech content.

4. Claims 2 to 21 are provisionally rejected on the ground of nonstatutory double
patenting as being unpatentable over Claims 2 to 21 of copending Application No.
13/948,160. Although the claims at issue are not identical, they are not patentably
distinct from each other because both claim a first virtual microphone comprising a

first combination of a first microphone signal and a second microphone signal,

- 105 -



Application/Control Number: 13/959,708 Page 4
Art Unit: 2814

wherein the first microphone signal| is generated by a first physical microphone and
the second microphone signal is generated by a second physical microphone, a
second virtual microphone comprising a second combination of the first microphone
signal and the second microphone signal, wherein the second combination is
different from the first combination, wherein the first virtual microphone and the
second virtual microphone are distinct virtual directional microphones with
substantially similar responses to noise and substantially dissimilar responses to
speech, a virtual microphone array including the first and second virtual
microphones and having a single null oriented in a direction toward a source of
speech, a signal processor coupled with the first and second microphone signals
and operative to combine the first and second microphone signals by filtering and
summing in the time domain, to apply a varying linear transfer function between the
first and second microphone signals, and to generate an output signal having noise

content that is attenuated with respect to speech content.

This is a provisional nonstatutory double patenting rejection because the patentably
indistinct claims have not in fact been patented.

Response to Arguments
5. Applicant’s arguments with respect to Claims 2 to 21 have been considered but are
moot because the arguments do not apply to any of the references being used in the

current rejection.

Conclusion
6. Applicant's amendment necessitated the new ground(s) of rejection presented in this
Office action.  Accordingly, THIS ACTION IS MADE FINAL. See MPEP
§ 706.07(a). Applicant is reminded of the extension of time policy as set forth in 37
CFR 1.136(a).
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A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within
TWO MONTHS of the mailing date of this final action and the advisory action is not
mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and
any extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing
date of the advisory action. In no event, however, will the statutory period for reply
expire later than SIX MONTHS from the date of this final action.

7. Papers related to this application may be submitted directly to Art Unit 2814 by
facsimile transmission. The faxing of such papers must conform with the notice
published in the Official Gazette, 1096 OG 30 (15 November 1989). The Art Unit
2814 Fax Center number is {871} 273-83088. The Art Unit 2814 Fax Center is to be

used only for papers related to Art Unit 2814 applications.

8. Any inquiry concerning this communication or earlier communications from the
examiner should be directed to Howard Weiss at (571) 272-1720 and between the
hours of 7:00 AM to 3:00 PM (Eastern Standard Time) Monday through Friday or by

e-mail via Howsard Weiss®@uspio.gov. If attempts to reach the examiner by

telephone are unsuccessful, the examiner's supervisor, Wael Fahmy, can be
reached on (571) 272-1705.

9. Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published
applications may be obtained from either Private PAIR or Public PAIR. Status
information for unpublished applications is available through Private PAIR only. For
more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free).
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10. The following list is the Examiner's field of search for the present Office Action:

U.S. Class / Subclass(es): 381/ 92,94.7; 704/ 233, E21.004; Thru 10/14/2014
HO4R 3/005, 2410/05; G10L 2021/02165, 21/0208

Other Documentation: none

Thru 10/14/2014

Electronic Database(s): EAST

o /Howard Weiss/
w Primary Examiner
20 October 2014 Art Unit 2814
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Atty. Docket No.: ALI-050ACON1
Serial No.: 13/959,708

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re the Application of: Examiner: WEISS, Howard
Gregory C. Burnett

Confirmation No.: 5622
Application Serial No.: 13/959,708
Group Art Unit: 2814
Filing Date: August 5, 2013
Transmission Date: August 12, 2014
For: Forming Virtual Microphone Arrays
Using Dual Omnidirectional Atty. Docket No.: ALI-050ACON1
Microphone Array (DOMA)

CERTIFICATE OF TRANSMISSION

I hereby certity that this cotrespondence is being transmitted via the U.S.
Patent and Trademark Office electronic filing system (EFS-Web) to the
L——

USPTO on August 12, %%4
Signed: M
?.4"

Heather N. Erwin

AMENDMENT A

Dear Sir or Madam:

Please find enclosed the following items:
1. Amendments to the Specification;
2. a complete, updated claim listing and remarks in response to the
Non-Final Office Action mailed May 12, 2014, and;
3. Supplemental Application Data Sheet.

-109 -



Atty. Docket No.: ALI-050ACON1
Serial No.: 13/959,708

AMENDMENTS TO THE SPECIFICATION

a. Kindly replace paragraph [0001] of the present application as filed
with the replacement paragraph as indicated below.

[0001] This application is a continuation of U.S. Nonprovisional Patent Application

No. 12/139,333, filed June 13, 2008, now U.S. Patent No. 8,503,691, entitled

“Forming Virtual Microphone Arrays Using Dual Omnidirectional Microphone Array
(DOMA),” which claims the benefit of U.S. Provisional Patent Application No.
60/934,551, filed June 13, 2007, U.S. Provisional Patent Application No. 60/953,444,
filed August 1, 2007, U.S. Provisional Patent Application No.60/954,712, filed August 8,
2007, and U.S. Provisional Patent Application No. 61/045,377, filed April 16, 2008, all of

which are incorporated by reference herein in their entirety for all purposes.
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AMENDMENTS TO THE CLAIMS: This listing of claims will replace all prior versions,
and listings, of claims in the application.

Listing of Claims:

1. (Cancelled)

2. (New) A device, comprising:

a first virtual microphone comprising a first combination of a first microphone
signal and a second microphone signal, wherein the first microphone signal is
generated by a first physical microphone and the second microphone signal is

generated by a second physical microphone;

a second virtual microphone comprising a second combination of the first
microphone signal and the second microphone signal, wherein the second combination
is different from the first combination, wherein the first virtual microphone and the
second virtual microphone are distinct virtual directional microphones with substantially

similar responses to noise and substantially dissimilar responses to speech; and

a signal processor coupled with the first and second microphone signals and
operative to combine the first and second microphone signals by filtering and summing
in the time domain, to apply a varying linear transfer function between the first and
second microphone signals, and to generate an output signal having noise content that

is attenuated with respect to speech content.
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3. (New) The device of Claim 2, wherein the signal processor comprises one

or more digital signal processors (DSPs).

4. (New) The device of Claim 2, wherein the noise content comprises

acoustic noise and the speech content comprises human speech.

5. (New) The device of Claim 2, wherein the signal processor is operative to

add a delay to the first microphone signals.

6. (New) The device of Claim 5, wherein the signal processor is operative to
raise the delay to a power that is proportional to a time difference between arrival of the
speech at the first virtual microphone and arrival of the speech at the second virtual

microphone.

7. (New) The device of Claim 5, wherein the signal processor is operative to
raise the delay to a power that is proportional to a sampling frequency multiplied by a
quantity equal to a third distance subtracted from a fourth distance, the third distance
being between the first physical microphone and a speech source of the speech and the

fourth distance being between the second physical microphone and the speech source.

8. (New) The device of Claim 2, wherein the first and second physical

microphones comprise omnidirectional microphones.
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9. (New) The device of Claim 2, wherein the first and second physical

microphones are included in a microphone array.

10.  (New) The device of Claim 2, wherein the first physical microphone and
the second physical microphones are disposed along an axis and are separated from

each other by a first distance.

11.  (New) The device of Claim 10, wherein a midpoint of the axis is a second
distance from a speech source that generates the speech, wherein the speech source is

located in a direction defined by an angle relative to the midpoint.

12. (New) The device of Claim 11, wherein the first virtual microphone is

formed by subtracting the second microphone signal from the first microphone signal.

13. (New) The device of Claim 11, wherein the second virtual microphone is

formed by subtracting the first microphone signal from the second microphone signal.

14.  (New) The device of Claim 2, wherein the first virtual microphone is
formed by subtracting the second microphone signal from a delayed version of the first

microphone signal.

15. (New) The device of Claim 2, wherein the second virtual microphone is

formed by subtracting the first microphone signal from a delayed version of the second

microphone signal.
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16. (New) A device, comprising:

a first virtual microphone comprising a first combination of a first microphone
signal and a second microphone signal, wherein the first microphone signal is
generated by a first physical microphone and the second microphone signal is

generated by a second physical microphone;

a second virtual microphone comprising a second combination of the first
microphone signal and the second microphone signal, wherein the second combination
is different from the first combination, wherein the first virtual microphone and the
second virtual microphone are distinct virtual directional microphones with substantially

similar responses to noise and substantially dissimilar responses to speech;

a virtual microphone array including the first and second virtual microphones and

having a single null oriented in a direction toward a source of speech; and

a signal processor coupled with the first and second microphone signals and
operative to combine the first and second microphone signals by filtering and summing
in the time domain, to apply a varying linear transfer function between the first and
second microphone signals, and to generate an output signal having noise content that

is attenuated with respect to speech content.
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17.  (New) The device of Claim 16, wherein the source of speech comprises

human speech.

18.  (New) The device of Claim 16, wherein the second virtual microphone
includes a second linear response to speech and the single null comprises a region of
the second linear response to speech having a measured response level that is lower
than a measured response level of any other region of the second linear response to

speech.

19.  (New) The device of Claim 16, wherein the first virtual microphone is
formed by subtracting the second microphone signal from a delayed version of the first

microphone signal.
20. (New) The device of Claim 16, wherein the second virtual microphone is
formed by subtracting the first microphone signal from a delayed version of the second

microphone signal.

21.  (New) The device of Claim 16, wherein the first and second physical

microphones are included in a microphone array.
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REMARKS

The status of the claims is as follows: Claim 1 is Cancelled; and New Claims 2
— 21 have been Added herein. Paragraph [0001] of the Specification has been
amended herein by replacement paragraph to overcome the Examiner’s objections to
the disclosure. The Examiner has rejected Claim 1 under pre-AlA 35 U.S.C. §102(e)
as being anticipated by U.S. Patent No. 8,068,619 to Zhang and on grounds of Non-
Statutory Double Patenting in view of Claims 1, 25, 29, 45 and 51 of U.S. Patent No.
8,494,177 and Claims 27, 29 and 41 of U.S. Patent No. 8,503,691. The rejections are
respectfully traversed. The pre-AlA 35 U.S.C. §102(e) and the Non-Statutory Double
Patenting rejections of Claim 1 are mooted by the cancellation herein of independent
Claim 1. New Claims 2 — 21 are patentably distinct, are non-obvious, and are not

anticipated by the cited sections of Zhang.

Reconsideration of the application and allowance of all claims are respectfully
requested based on the preceding remarks. If at any time the Examiner believes that

an interview would be helpful, please contact the undersigned.

KOKKA & BACKUS, PC
703 High Street

Palo Alto, CA 94301-2447
Tel: (650) 566-9917

Fax: (650) 566-9922
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Application No. Applicant(s)
13/959,708 BURNETT, GREGORY C.

Office Action Summary Examiner Art Unit AA (First Inventor to File)
HOWARD WEISS 2814 SN‘Z‘“S

-- 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 8/5/2013.
[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[] 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)[] 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 Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

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

5a) Of the above claim(s) ___is/are withdrawn from consideration.
6)[1 Claim(s) is/are allowed.
7)X Claim(s) 1 is/are rejected.
8)[] Claim(s) ____is/are objected to.
9] 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
hitn /raww. usplo.gov/patents/init_events/pph/indax.jsp or send an inquiry to PPHieedback@uspto.qov.

Application Papers
10)[X] The specification is objected to by the Examiner.
11)X] The drawing(s) filed on 8/5/2013 is/are: a)[X] 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)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[J Al b)[J Some** ¢)[] None of the:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 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) D Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 |:| Other-
Paper No(s)/Mail Date ) ther
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20140508
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Attorney's Docket Number: ALI-050ACON/1

Filing Date: 8/5/2013

Continuing Data: a continuation of 12/139,333 (06/13/2008 now U. S. Patent No.
8,503,691) which claims benefit of 60/934,551 (06/13/2007) and claims
benefit of 60/953,444 (08/01/2007) and claims benefit of 60/954,712
(08/08/2007) and claims benefit of 61/045,377 (04/16/2008)

Claimed Foreign Priority Date: none

Applicant(s): Burnett

Examiner: Howard Weiss
Notice of Pre-AIA or AIA Status
1. The present application is being examined under the pre-AlA first to invent

provisions.

2. 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.

Specification
3. The disclosure is objected to because of the following informalities: --now U. S.
Patent No. 8,503,691—should be inserted after “2008” in Line 2 of Paragraph
[0001]. Appropriate correction is required.

Claim Rejections - 35 USC § 102
4. The following is a quotation of the appropriate paragraphs of pre-AlA 35 U.S.C. 102
that form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(e) the invention was described in (1) an application for patent, published under section 122(b), by
another filed in the United States before the invention by the applicant for patent or (2) a patent
granted on an application for patent by another filed in the United States before the invention by the
applicant for patent, except that an international application filed under the treaty defined in section
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351(a) shall have the effects for purposes of this subsection of an application filed in the United
States only if the international application designated the United States and was published under
Article 21(2) of such treaty in the English language.

5. Claim 1 is rejected under pre-AlA 35 U.S.C. 102(e) as being anticipated by Zhang et
al. (U. S. Patent No. 8,068,619).

Zhang et al. show all aspects of the instant invention (e.g. Figure 2) including:

» a first virtual microphone b4(n) comprising a first combination of a first
microphone signal s1(n) and a second microphone signal a(n), wherein the first
microphone signal| is generated by a first physical microphone 212a and the
second microphone signal is generated by a second physical microphone 212b

» a second virtual microphone rq(n) comprising a second combination of the first
microphone signal and the second microphone signal, wherein the second
combination is different from the first combination, wherein the first virtual
microphone and the second virtual microphone are distinct virtual directional
microphones with substantially similar responses to noise and substantially
dissimilar responses to speech

Double Patenting

6. The nonstatutory double patenting rejection is based on a judicially created doctrine
grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a
patent and to prevent possible harassment by multiple assignees. A nonstatutory
double patenting rejection is appropriate where the claims at issue are not identical,
but at least one examined application claim is not patentably distinct from the
reference claim(s) because the examined application claim is either anticipated by,
or would have been obvious over, the reference claim(s). See, e.g., In re Berg, 140
F.3d 1428, 46 USPQ2d 1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29
USPQ2d 2010 (Fed. Cir. 1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir.
1985); In re Van Ornum, 686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel,
422 F.2d 438, 164 USPQ 619 (CCPA 1970); and In re Thorington, 418 F.2d 528,
163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)

may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the reference application or patent either is shown
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to be commonly owned with this application, or claims an invention made as a result
of activities undertaken within the scope of a joint research agreement. A terminal
disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO internet Web site contains terminal disclaimer forms which may be
used. Please visit http://www.uspto.gov/forms/. The filing date of the application will
determine what form should be used. A web-based eTerminal Disclaimer may be
filled out completely online using web-screens. An eTerminal Disclaimer that meets
all requirements is auto-processed and approved immediately upon submission. For
more information about eTerminal Disclaimers, refer to
http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-1.jsp.

7. Claim 1 is rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 1, 25, 29, 45 and 51 of U.S. Patent No. 8,494,177.
Although the claims at issue are not identical, they are not patentably distinct from
each other because both claim a first virtual microphone comprising a first
combination of a first microphone signal and a second microphone signal, wherein
the first microphone signal| is generated by a first physical microphone and the
second microphone signal is generated by a second physical microphone, a second
virtual microphone comprising a second combination of the first microphone signal
and the second microphone signal, wherein the second combination is different from
the first combination, wherein the first virtual microphone and the second virtual
microphone are distinct virtual directional microphones with substantially similar
responses to noise and substantially dissimilar responses to speech. The instant
invention is a broader statement of the invention of U.S. Patent No. 8,494,177.

8. Claim 1 is rejected on the ground of nonstatutory double patenting as being
unpatentable over claims 27, 29 and 41 of U.S. Patent No. 8,503,691. Although the
claims at issue are not identical, they are not patentably distinct from each other
because both claim a first virtual microphone comprising a first combination of a first
microphone signal and a second microphone signal, wherein the first microphone
signal| is generated by a first physical microphone and the second microphone

signal is generated by a second physical microphone, a second virtual microphone
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comprising a second combination of the first microphone signal and the second
microphone signal, wherein the second combination is different from the first
combination, wherein the first virtual microphone and the second virtual microphone
are distinct virtual directional microphones with substantially similar responses to
noise and substantially dissimilar responses to speech. The instant invention is a
broader statement of the invention of U.S. Patent No. 8,503,691.

Conclusion
Papers related to this application may be submitted directly to Art Unit 2814 by
facsimile transmission. The faxing of such papers must conform with the notice
published in the Official Gazette, 1096 OG 30 (15 November 1989). The Art Unit
2814 Fax Center number is {871} 273-83088. The Art Unit 2814 Fax Center is to be

used only for papers related to Art Unit 2814 applications.

10.Any inquiry concerning this communication or earlier communications from the

11.

examiner should be directed to Howard Weiss at (571) 272-1720 and between the
hours of 7:00 AM to 3:00 PM (Eastern Standard Time) Monday through Friday or by

e-mail via Howard Weiss®@uspio.gov. If attempts to reach the examiner by

telephone are unsuccessful, the examiner’s supervisor, Wael Fahmy, can be
reached on (571) 272-1705.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published
applications may be obtained from either Private PAIR or Public PAIR. Status
information for unpublished applications is available through Private PAIR only. For
more information about the PAIR system, see http:/pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free).
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FORMING VIRTUAL MICROPHONE ARRAYS USING DUAL
OMNIDIRECTIONAL MICROPHONE ARRAY (BOMA)

CROSS-REFERENCE TO REIATED APPLICATIONS

16001} This application is a continuation of 1.8, Nonprovisional Patent Application No.
12/139,333, filed June 13, 200%, entitled “Forming Virtual Microphone Arrays Using Dual
Ommidirectional Microphone Array (DOMA),” which claims the benefit of ULS, Provisional
Patent Application No. 60/934,551, filed June 13, 2007, U.S. Provisional Patent Application No.
60/953,444, filed August 1, 2007, UK, Provisional Patent Application No.60/954,712, filed
August 8, 2007, and U.S. Provisional Patent Applications No. 61/045,377, filed April 16, 2008,

all of which are incorporated by reference herein in their entirety for all purposes.

TECHNICAL WIELD

{6082] The disclosure herein relates generally to noise suppression. In particular, this
disclosure relates to noise suppression systems, devices, and methods for use in acoustic

applications,

BACKGROUND

18003} Conventional adaptive noise suppression algorithms have been arcund for some time.
These conventional algorithms have used two or more microphones to sampie both an
{unwanted) acoustic noise field and the (desired) speech of a user. 20 The noise relationship
between the microphones is then determined using an adaptive filter (such as Least-Mean-
Squares as described in Havkin & Widrow, ISBN# 0471215708, Wiley, 2002, but any adaptive
or stationary systemn identification algorithm may be used) and that relationship used to filter the
noise from the desired signal

{6004] Most conventional noise suppression systems currently in use for speech
communication sysierns are based on a single-microphone speciral subtraction technique first
develop in the 1970's and described, for exaniple, by S. F. Boll in "Sappression of Acoustic

Noise in Speech using Spectral Subtraction,” IEEE Trans. on ASSP, pp. 113-120, 1979. These

[
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technigues have been refined over the years, 30 but the basic principles of operation have
remnained the same, See, for example, US Patent Number 5,687,243 of MclLaughlin, et al., and
US Patent Number 4,811,404 of Vilmur, ot al. There have also been several attemipts at multi-
microphone noise suppression systems, such as those outlined in US Patent Number 5,406,622 of
Sitverberg et al. and US Patent Number 5,463,694 of Bradley et al. Multi-microphone systems
have not been very successful for a variety of reasons, the most compelling being poor noise
canceliation performance and/or siguificant speech distortion. Primarily, conventional multi-
microphone systems attempt to increase the SNR of the user's speech by "steering” the nulls of
the system to the strongest noise sources. This approach is Hivited fu the number of noise sources
removed by the number of available nulls.

{60805] The Jawbone earpicce (referred to as the "Jawbone), introduced in December

2006 by AliphCom of San Francisco, California, was the first known commercial 10 product to
use a pair of physical directional microphones (instead of omnidirectional microphones) io
reduce environmental acoustic noise. The technology supporting the Jawbone is currently
described under one or more of US Patent Number 7,246,058 by Burnett and/or US Patent
Application Numbers 10/400,282, 10/667,207, and/or 10/769,302. Generally, multi-microphone
techniques make use of an acoustic-based Voice Activity Detector (VAD) to determine the
background noise characteristics, where "voice™ is generally understood to include human voiced
speech, unvoiced speech, or a combination of voiced and unvoiced speech. The Jawbone
improved on this by using a microphone-based sensor to construct a VAD signal using directly
detected speech vibrations in the user's cheek. This allowed the Jawbone to aggressively remove
noise when the user was not producing speech. However, the Jawbone uses a directional

microphone array.

INCORPORATION BY BEFERENCE

[6006] Each patent, patent application, and/or publication ruentioned in this specification is
herein incorporated by reference in tis entirety to the same extent as if each individual patent,
patent application, and/or publication was specifically and individually indicated to be

incorporated by reference.
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BRIEF BESCRIPTION OF THE DRAWINGS

{6007} Yigure 1 is a two-microphone adaptive noise suppression system, under an
embodiment,
{6008] Figure 2 is an array and speech source (S} configuration, under an embodiment. The

microphones are separated by a distance approximately equal to 2d,, and the speech source is
located a distance ds away from the midpoint of the array at an angle 8. The sysiem is axially
symmetric so only dy and 8 need be specified.

{6009 ‘igure 3 is a block diagram for a first order gradient microphone using two
omnidirectional elevaents O and Os, under an embodiment.

{6010] Figure 4 is a block diagram for a DOMA including two physical microphones
configured to form two virtual microphones Vy and V,, under an embodiment.

6011} Figure § is a block diagram for a BOMA including two physical microphones
configured to form N virtual microphones Vy through Vy, where N is any number greater than
one, under an embodiment.

{6012} Figure 6 is an exaruple of a headset or head-worn device that includes the DOMA, as
described herein, under an embodiment,

{6013} Yigure 7 is a flow diagram for denoising acoustic signals using the DOMA, under an
embodiment,

{6014] Figure 8 is a flow diagram for forming the DOMA, under an embodiment,

{6015] Figure 9 is a plot of linear response of virtual microphone Vo to a 1 kHz speech
source at a distance of 6.1 m, under an embodiment. The null is at § degrees, where the speech is
normally located.

[6616] Figure 10 is a plot of linear response of virtual microphone V; to a | kHz noise
source at a distance of 1.0 m, under an embodiment. There is no null and all noise sources are
detected.

{6617} Figure 11 is a plot of linear response of virtual microphone Vi to a 1 kHz speech
source at a distance of 0.1 vo, under an crobodiment. There s no null and the respouse for speech

is greater than that shown in Figure 9.
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{6018] Figure 12 is a plot of linear response of virtual niicrophone Vi to a 1 kHz noise
source at a distance of 1.0 m, ander an embodiment. There is no vull avd the response is very
similar to V; shown in Figare 10,

{6019 Figure 13 1s a plot of linear response of virtual microphone V), to a speech source at a
distance of 0.1 m for frequencies of 100, 500, 1000, 2000, 3000, and 4000 Hr, under an
cmbodiment.

16626} Figure 14 13 a plot showing comparison of frequency responses for speech for the
array of an embodiment and for a conventional cardioid microphone.

{6021} Figure 15 1s a plot showing speech respouse for V, (top, dashed) and V» (bottom,
solid} versus B with d, assumed to be 0.1 m, under an embodiment, The spatial null in V, i
relatively broad.

{6022} Yigure 16 is a plot showing a ratio of V/V, speech responses shown in Figure 10
versus B, under an embodiment. The ratio is above 10 dB for all 0.8 <B < 1.1, This means that
the physical § of the system need not be exactly modeled for good performance.

{6023] Figure 17 is a plot of B versus actual d, assuming that d, = 10 cm and theta = 0,
under an erabodiment.

16024 Figure 18 is a plot of B versus theta with d; = 10 cm and assuming d; = 10 ¢m, under
an embodiment.

{6025} Figure 19 is a plot of amplitude {top) and phase (bottom) response of Nis} with B = |
and D = -7.2 psec, under an erobodiment. The resulting phase difference clearly affects high
frequencies more than low,

16026} Figure 20 1s a plot of amplitude (iop) and phase (bottom} response of Nisy with B =
1.2 and b = ~7.2 usec, under an ewbodiment. Non-unity B affects the entire frequency range.
{6027] Figure 21 is a plot of amplitude (top} and phase {(bottom) response of the cffect on
the speech cancellation in Va due to a mistake in the Iocation of the apeech source with gl = §
degrees and q2 = 30 degrees, under an embodiment. The cancellation remains below -10 dB for
frequencies below 6 kHe,

{6028] Figure 22 is a plot of amplitude (lop) and phase {(bottom} response of the effect on
the speech cancellation in V3 duce to a mistake in the location of the spoech source with gl =0
degrees and q2 = 45 degrees, under an embodiment. The cancellation is below ~10 dB only for

frequencies below about 2.8 kHz and a reduction in performance is expected.

W
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{6329] Figure 23 shows experimental results for a 2dy = 19 mm array using a lincar § 0 0.83
on a Broel and Kjaer Head and Torso Stmulator (HATS) in very loud ( ~85 dBA) musie/speech
noise environment, under an embodiment. The noise has been reduced by about 25 dB and the

speech hardly affected, with no noticeable distortion,

SUMMARY OF THE INVENTION

16036} The present invention provides for dual omnidirectional microphone array devices
systems and methods.

16031} v accordance with on embodiment, a microphone array is formed with a first virtual
microphone that includes a first combination of a first microphone signal and a second
microphone signal, wherein the first microphone signal is generated by a first physical
microphone and the second microphone signal is generated by a second physical microphone;
and a second virtual microphone that includes a second combination of the first microphone
signal and the second microphone signal, wherein the second comsbination is different from the
first combination. The first virtual microphone and the second virtual microphone are distinet
virtual directional microphones with substantially similar responses to noise and substantially
dissimilar responses to speech.

{6032} fn accordance with another erbodiment, a microphone array is formed with a first
virtual microphone formed from a first combination of a first microphone signal and a second
microphone sigoal, wherein the first microphone signal is gencrated by a first ompnidirectional
microphone and the second microphone signal is generated by a second omnidirectional
microphone; and a sccond virtual microphone formed from a second combination of the first
microphone signal and the second microphone signal, wherein the second combination is
different from the first combination. The first virtual microphone has a first linear response to
speech that has a single noll oriented in a divection toward a source of the speech, wherein the
speech is human speech.

{0633 o accordance with another embodiment, a device includes a first microphone
outputting a first microphone signal and a second microphone outputting a second microphone
signal; and a processing component coupled to the first microphone signal and the second
microphone signal, the processing component generating a virtual microphone array comprising

a first virtual microphone and a second virtual microphone, wherein the first virtual microphone
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comprises a first combination of the first microphone signal and the second microphone signal,
and wherein the second virtual microphone comprises a second combination of the first
microphone signal and the second microphone signal. The second virtual microphone have
substantially similar responses to noise and substantially dissimilar responses to speech.

§6034] In accordance with another embodiment, a devise inchudes a first microphone
outputting a first microphone signal and a second microphone outpulting a second microphone
signal, wherein the first microphone and the second microphone are omnidirectional
microphones; and a virtual microphone array comprising a first virtual microphone and a second
virtual microphone, wherein the first virtual microphoue corprises a first combination of the
first microphone signal and the second microphone signal, and the second virtual microphone
comprises a second combination of the first microphone signal and the second microphone
signal. The second combination is different from the first combination, and the first virtual
microphone and the second virtual microphone are distinet virtual directional microphones.
§6035] In accordance with another embodiment, a device includes a first physical
microphone generating a first microphone signal; a second physical microphone generating a
second microphone signal; and a processing component coupled to the fivst microphone signal
and the sccond microphone signal, the processing component generating a virtual microphone
array cormuprising a first virtual microphone and a second virtual microphone. The first virtaal
microphone comprises the second microphone signal subtracted from a delayed version of the
first microphone signal, and the second virtual microphone cormprises a delayed version of the
first microphone signal subtracted from the second microphone signal.

{6036} I accordance with another embodiment, a sensor includes a physical microphone
array including a first physical microphone and a second physical microphone, the first physical
microphone outputting a first microphone signal and the second physical microphone outputting
a second microphone signal; and a virtual microphone array comprising a first virtual
microphone and a second virtual microphone, the first curtail microphone comprising a first
combination of the first microphoue signal and the second microphone signal, the second virtual
microphone comprising a second combination of the first microphone signal and the second
microphone signal. The second combination is different from the first combination, and the
virtual microphone array incudes a single null oriented in a direction toward a source of speech

of a human speaker.

3
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DETALLED DESCRIPTION

16037} A dual omnidirectional microphone array {DOMA) that provides improved noise
suppression is described herein. Compared to conventional arrays and algorithms, which seek to
reduce noise by nulling out noise sources, the array of an embodiment s used to form two
distinct virtnal directional microphones which are configured to have very similar noise
responses and very dissimilar speech responses. The only null formed by the DOMA is one used
to remove the speech of the user from Vi, The two virtual maicrophones of an embodiment can be
paired with an adaptive filter algorithm and/or VAD algorithm to significantly reduce the noise
without distorting the speech, significanily improving the SNR of the desired speech over
conventional noise suppression systems, The embodiments described herein are stable in
operation, flexible with respect to virtual microphone pattern choice, and have proven to be
robust with respect to speech source-to-array distance and orientation as well as temperature and
calibration techniques. In the following description, numerous specific details are miroduced to
provide a thorough understanding of, and enabling description for, embodiments of the DOMA.
One skilled in the relevant art, however, will recognize that these embodiments can be practiced
without oue or more of the specific details, or with other compouneuts, systems, ote. In other
instances, well-known structures or operations are not shown, or are not described in detail, to
avoid obscuring aspects of the disclosed embodiments.

{6038] Unless otherwise specified, the following terms have the corresponding meanings in

addition to any meaning or understanding they may convey to one skilled in the art.

6039} The term "bleedthrough” means the undesired presence of noise during speech.
[6040] The term "denoising” means removing unwanied noise from Micl, and also refers to

the amount of reduction of noise energy in a signal in decibels (dB).

[0041] The term "devoicing” means removing/distorting the desired speech from Mict.
16042] The term "directional microphone (BM)Y" means a physical directional microphone

that is vented on both sides of the sensing diaphragm.

1604 3] The term "Micl (M 1)" means a geueral designation for an adaptive noise suppression
system microphone that usually contains more speech than noise.

{6044] The term "Mic2 (M2)" means a general designation for an adaptive noise suppression
system microphone that usually contains more noise than speech.

10045] The term "noise” means unwanted environmental acoustic noise,
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[6046] The term "null” means a zero or minima in the spatial response of a physical or
virtual divectional microphone.

16047} The term "O1" means a first physical omnidirectional microphone used to form a
microphone array,

{6048] The term "' means a second physical ommnidirectional microphone used to forma
microphone array.

16049] The term "speech” means desired speech of the user,

{8056 The term "Skin Surface Microphone (S5M)" is 2 microphone used in an earpiece
{e.g., the Jawboue carpiece available from Aliph of San Francisco, California) to detect speech

vibrations on the user's skin.

{6051 ] The term "V, " means the virtual directional "speech™ microphone, which has no nulls,
{06521 The term "V, means the virtual directional "noise” microphone, which has a2 null for

the user's speech.

{6053] The term "Voice Activity Detection {(VAD) signal” means a signal indicating when
user speech is detected.

{6054} The term "virtual wicrophones (VM)" or "virtual divectional microphones” means a
microphone constructed using two or more omnidirectional microphones and associated signal
processing.

{6055] Figure 1 is a two-microphone adaptive noise suppression system 100, under an
cmbodiment. The two-microphone system 100 including the combination of physical
microphones MIC | and MIC 2 along with the processing or circuitry components to which the
microphones couple (described in detail below, but not shown in this figure) is referred to herein
as the dual omnidirectional microphone array (BOMA) 110, but the embodiment is not so
limited. Referring to Figure |, in analyzing the single noise source 181 and the direct path to the
microphones, the total acoustic information coming into MIC 1 (102, which can be an physical
or 5 virtual microphone) is denoted by m{n}. The total acoustic information coming into MIC 2
(103, which can also be an physical or vittual myicrophoue) is similarly labeled mo(n). In the z

{digital frequency} domain, these are represented as Mi(z} and M2(Z). Then,

ﬂ/fi({) = S(/> + l;\‘fz(/’)
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with

Np(z) = N{z)H;(z)

so that

Ma(z) = N(z) + S(z)H,(z)}. Bg. 1

This 1s the general case for all two microphone systems, Equation 1 has four unknowns and only
two known relationships and therefore cannot be solved explicitly.

8056} However, there is another way to solve for some of the unknowns in Equation 1. The
analysis starts with an examnation of the case where the speech is not being generated, that is,
where a signal from the VAD subsystem 104 (optional} equals zero. In this case, s(n) = ${(z) =0,

and Equation 1 reduces to

M y(2) = N(z)H, {2}

where the N subscript on the M variables indicate that only noise s being received.

This leads to

Min(2) = Myp{2)H,; (2)

H (7) = 2@ Fq. 2

Man{z}

The function H,(z) can be calculated using any of the available system identification algorithms
and the microphoue outputs when the systers is certain that only noise is being received. The
calculation can be done adaptively, so that the system can react to changes in the noise.

{0857} A solution is now available for Hi{z), one of the unknowns in Equation 1. The final
unknown, Ho{z), can be determined by using the instances where speech is being produced and

the VAD equals one. When this is occurring, but the recent (perhaps less than 1 second) history

1D
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of the microphones indicate low levels of 10 noise, it can be assumed that n{s) = N(z) ~ O. Then

Equation 1 reduces to

My.(2) = S(2)
Myo(2) = S(2)H;(2),

which in turn leads to

Mo 5(Z)

Hy(z) = o)
which is the inverse of the Hy(z) calculation. However, it is noted that different inputs are being
used (now only the speech is occurring whereas before only the noise was occurring ). While
calculating Hy(z), the values calculated for Hy(z) are held constant (and vice versa) and it 1s
assumed that the noise level is not high enough {o cause errors in the Hy(2) calenlation,
i6058] After calculating Hy{z) and Hy(z), they are used to remove the notse from the signal,
If Eguation 1 is rewritien as

5(z) = My(z) — N(2)H,(z)

N{z} = My{(z) — S(z)H,(2)

5(z) = My(z) — [M(z) — 5(2)H,(2)|H, (2)
S(2)|1 = Hy{z}H, (2}] = My (z) — My (2} H,{z),

then N{z)} may be substituted as shown to solve for S(«) as

My (Z2)—~My(2)Hy (2)

S(z) = Eq. 3
@) = = honw 4
6059 If the transfer functions Hy(z) and Hy{z} can be described with sufficient accuracy,

then the noise can be completely removed and the original signal recovered. This remains true
without respect to the amplitude or spectral characteristics of the notse. If there is very little or no
lcakage from the speech source into My, then Hy (2) ~ 0 and Equation 3 reduces to

S{zy ~ M {z) — My (2)H, (). Eg 4

11
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{6040} Eguation 4 is much simpler to implement and 1s very stable, assuming Hy(2) is stable.
However, if significant speech energy is in Mx{Z}, devoicing can occur. In order to construct a

well-performing system and use Equation 4, consideration is given to the following conditions:

RL Availability of a perfect {or at least very good) VAD in noisy conditions
R2Z. Sufficiently accurate Hy(z)

R3. Very smali (ideally zero} Ho(Z).

R4. Daring speech production, Hi{z) cannot change substantially,

RS5. During noise, Hy(z) cannot change substantially.

0061 Condition R1 is casy to satisfy if the SNR of the desired speech fo the unwanted noise
is high cnough. "Encugh” means different things depending on the method of VAD generation.
if a VAD vibration sensor is used, as in Burnett 7,256,048, accurate VALD in very low SNRs (-10
dB or less) is possible. Acoustic- only methods using information from O, and O; can also return
accurate VADs, but are limited to SNRs of ~3 dB or greater for adequate performance.

6062} Condition RS is normally simple to satisty because for most applications the
microphones will not change position with respect to the user's mouth very ofien or rapidly. In
those applications where it may happen (such as hands-free conferencing systems) it can be
satisfied by configuring Mic2 so that Hy(z )~ 0.

16063} Satisfving conditions R2, R3, and R4 are more difficult but are possible given the
right combination of Vy and V. Methods are examined below that have proven to be effective in
satisfying the above, resulting in excellent notse suppression performance and minimal spesch
removal and distortion in an embodiment.

i0664] The DOMA, in varicus embodiments, can be used with the Pathfinder system as the
adaptive filter system or noise removal. The Pathfinder system, available from AliphCom, San
Francisco, CA, is described in detail in other patents and patent applications referenced herein,
Alternatively, any adaptive filter or noise removal aigorithm can be used with the DOMA in one
or more various allernative embodiments or configurations,

18065} When the DOMA is used with the Pathfinder system, the Pathfinder system generally

provides adaptive noise cancellation by combining the two microphone signals {e.g., Micl, Mic2)
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by filtering and summing n the time domain. The adaptive filter generally uses the signal
received from a first microphone of the DOMA to remove neoise from the speech recetved from
at least one other microphone of the DOMA, which relies on a slowly varying linear transfer
function between the two microphones for sources of noise. Following processing of the two
channels of the DOMA, an output signal is generated in which the noise content is atienuated
with respect to the speech content, as described i detail below.

16066} Figure 2 is a generalized two-rmicrophone array (BOMA) including an array 201/202
and speech source S configuration, under an embodiment. Figure 3 is a systom 300 for
generating or producing a first order gradient wicrophoue V using two omnidirectional elements
() and O,, under an embodiment. The array of an embodiment includes two physical
microphones 201 and 202 {¢.g., omnidirectional microphones) placed a distance 2d; apart and a
speech source 200 is located a distance d, away at an angle of 8. This array is axially symmetric
(at least 1 free space), so no other angle 18 needed. The output from cach microphone 201 and
262 can be delayed (2, and 2}, multiplied by a gain (A, and Ay}, and then summed with the
other as demonstrated in Figure 3. The output of the array is or forms at least one virtual
microphone, as described in detail below. This operation can be over any frequency range
desired. By varying the magnitude and sign of the delays and gains, a wide variety of virtual
microphones (VMs), also referred to herein as virtual directional microphones, can be realized.
There are other methods known to those skilled in the art for constructing VMs but this is a
common one and will be used in the enablement below.

16087} As an example, Figuare 4 is a block diagram for a DOMA 400 including two physical
microphones configured to form two virtual microphones V; and Vs, under an embodiment, The
POMA includes two first order gradient microphones V) and V, formed using the outputs of two
microphones or clements Oy and O, (201 and 202), under an embodiment. The DOMA of an
embodiment includes two physical microphones 201 and 202 that are omnidirectional
microphones, as described above with reference to Figures 2 and 3. The output from each
microphone is coupled to a processing corponent 402, or circuitry, and the processing
component outputs signals representing or corresponding to the virtual microphones Vy and Va.
[6068] In this example system 400, the output of physical microphone 201 1s coupled to
processing component 402 that includes a first processing path that includes application of a first

delay Zyp and a first gain Ay and a sccond processing path that includes application of a second

13
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delay Z» and a second gain Ay, The output of physical microphone 202 is coupled to a third
processing path of the processing compouneut 402 that inclades application of a third delay 7,
and a third gain A, and a fourth processing path that includes application of a fourth delay 22
and a fourth gain Ay The output of the first and third processing paths is summed to form
virtual microphone Vi, and the ouiput of the second and fourth processing paths is summed to
form virtual microphone V.

16069} As descuibed 1n detail below, varying the magnitude and sign of the delays and gains
of the processing paths leads to a wide variety of virtual microphones (VMs}, also referred to
herein as virtual directional microphones, can be realized. While the processing component 402
described in this example includes four processing paths generating two virtual microphones or
microphone signals, the erabodiment s not so limited. For example, Figure 5 is a block diagram
for a DOMA 300 including two physical microphones configured to form N virtual microphones
Vy through Vv, where N is any number greater than one, vnder an embodiment. Thus, the
DOMA can inchude a processing component 502 having any number of processing paths as
appropriate to form a number N of virtual microphones.

{0676} The DOMA of an embodiment can be coupled or connecled to one or more remote
devices. In a system configuration, the DOMA outputs signals to the 3 remote devices. The
remote devices include, hut are not livoited to, at feast one of cellular telephones, satellite
telephones, portable telephones, wireline telephones, Internet telephones, wireless transceivers,
wireless communication radios, personal digital assistants (PDAs), personal computers (PCs),
headset devices, head-worn devices, and earpieces,

{0071} Furthermore, the DOMA of an embodiment can be a component or subsystem
integrated with a host device. In this system configuration, the DOMA outputs signals to
components or subsystems of the host device. The host device includes, but is not limited to, at
least one of cellular telephones, satellite telephones, poriable telephones, wireline telephones,
internet telophones, wireless transceivers, wircless comupiunication radios, personal digital
assistants (PDAs), personal computers (PCs), headset devices, head-worn devices, and earpieces.
{6672} As an example, Figure § is an example of a headset or head-wormn device 600 that
includes the DOMA, as described heretn, under an embodiment. The headset 600 of an
embodiment includes a housing having two areas or receptacles {not shown) that receive and

hold two microphones (e.g., Oy and O,), The headset 600 is generally a device that can be worn

14
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by a speaker 602, for example, a headset or carpiece that positions or holds the microphones in
the vicinity of the speaker’s roouth. The headset 600 of an embodiment places a fivst physical
microphone {e.g., physical microphone (1} in a vicinity of a speaker’s lips. A second physical
microphone (¢.g., physical microphone O;) 18 placed a distance behind the first physical
microphone. The distance of an embodiment is in a range of a few centimeters behind the first
physical microphoene or as described herein (¢.g., described with reference to Figures 1-5). The
DOMA s syrometric and 1s used in the same configuration or manner as a single close-talk
microphone, but is not so limited.

16673] Figure 7 is a {low diagram for denoising 700 acoustic signals using the

DOMA, under an embodiment. The denoising 700 begins by receiving 702 acoustic signals at a
first physical microphone and a second physical microphone. In response to the acoustic signals,
a {irst microphone signal is output from the first physical microphone and a second microphone
signal is output from the second physical microphone 704, A frst virtual microphone s formed
766 by generating a first combination of the first microphone signal and the second microphone
signal. A second virtual microphone is formed 708 by generating a second combination of the
first microphone signal and the second microphone signal, and the second combination is
different from the first combination. The first virtual microphone and the second virtual
microphone are distinet virtual divectional microphones with substantially similar responses to
noise and substantially dissimilar responses to speech. The denoising 700 generates 710 output
signals by combining signals from the first virtual microphone and the second virtual
microphone, and the cutput signals inchude less acoustic noise than the acoustic signals.

[6074] Figure 8 is a tlow diagram for forming 800 the DOMA, under an embodiment.
Formation 800 of the DOMA includes forming 802 a physical microphone array inchuding a first
physical microphone and a second physical microphone. The first physical microphone cutputs a
first microphone signal and the second physical microphone outputs a second microphone sigual,
A virtual microphone array is formed 804 comprising a first virtual microphone and a second
virtual microphone. The first virtual microphone comprises a first combination of the first
microphone signal and the second microphone signal. The second virtual microphone comprises
a sccond combination of the first microphone signal and the sccond microphone signal, and the
second combination is different from the first combination. The virtual microphone array

including a single null oricnted in a direction toward a source of speech of a human speaker,

15
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{6G75] The construction of VMs for the adaptive noise suppression system of an embodiment
includes substantially similar notse respouse in Vy and V. Substantially similar voise response
as used herein means that Hi{2) is simple to model and will not change nwuch during speech,
satistying conditions R2 and R4 described above and allowing strong denoising and minimized
bleedthrough.

{6076} The construction of VMg for the adaptive noise suppression system of an embodiment
includes relatively small speech response for Vo, The relatively small speech respouse for Vs
means that H,{z }=~ 0., which will satisfy conditions R3 and R5 described above,

16677} The counstruction of VMSs for the adaptive noise suppression system of an embodiment
further includes sufficient speech response for V; so that the cleaned speech will have
significantly higher SNR than the original speech captured by 0.

{0678 The description that follows assumes that the responses of the omnidirectional
microphones O and O o an identical acoustic source have been normalized so that they have
exactly the same response (amplitude and phase)} to that source. This can be accomplished using
standard microphone array methods (such as frequency-based calibration) well known to those
versed in the art.

{6079} Referring to the condition that construction of YMs for the adaptive noise suppression
systerm of an embodiment includes relatively small speech response for Vs, it is seen that for

discrete systems Va{z} can be represented as:

Vo(z) = 0y(z) — 27V B0, (2)
where

o dl
P = "5‘"‘
-2

Y- Cmly Js (samples)

- [

dy = [d% — 2dg,dg cos(8) + dE

H
dy = \!’cig + 2dgdy cos(8) + d?
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{6680} The distances d; and d; are the distance from O, and O, to the speech source (see
Figure 2), respectively, and ¥ is their difference divided by ¢, the speed of sound, and multiphed
by the sampling frequency {. Thas ¥ ts in samples, but veed not be an integer. For non~-integer 7,
fractional-delay filters (well known to those versed in the art) may be used.

00K It is important 1o note that the § above is not the conventional £ used to denote the
mixing of VMs in adaptive beamforming; it 1s a physical variable of the system that depends on
the intra~microphone distance do (which is fixed) and the distance d; and angle 8, which can
vary. As shown below, for properly calibrated microphones, it is not necessary for the system to
be programmed with the exact § of the arvay. Errors of approximately 10-15% in the actual f# (i.e.
the 5 used by the algorithm is not the # of the physical array) have been used with very little
degradation in guality. The algorithmic value of § may be calculated and set for a particular user
or may be calculated adaptively during speech production when little or no noise is present.
However, adaptation during use is not required for nominal performance.

16082} Yigure 9 is a plot of linear response of virtual microphone Vo with f=081tca 1 kHz
speech source at a distance of 0.1 m, under an embodiment. The null in the Hncar response of
virtual microphone Vs to speech is located at 0 degrees, where the speech is typically expected to
be located. Figure 10 is a plot of linear response of virtual microphone V, with f=0.8tca |
kHz noise source at a distance of 1.0 m, under an embodiment. The linear response of Vo to
noise is devoid of or includes no null, meaning all noise sources are detected.

{6083] The above formulation for V{(2) has a null at the speech location and will therefore
exhibit mininmal response 1o the speech. This is shown in Figure 9 for an arvay with dy = 18.7
mm and a speech source on the axis of the array (68 =0) at 10 cm (ff = 0.8). Note that the speech
null at zero degrees is not present for noise in the far field for the same microphone, as shown in
Figure 10 with a noise source distance of approximately ! meter. This insures that noise in front
of the user will be detected so that it can be removed. This differs from conventional sysierus that
can have difficulty removing noise in the direction of the mouth of the user.

The V() can be formulated asing the general form for Vi{z):

Vi(z) = a,04(2) -z7dA — og0y{(z) - z 48

Since

[
~3

-148 -



ALRO50ACONL

Volz) = 0,(z) — 27730, (2)

and, since for noise in the forward direction

Oyn(2) = Oyylzy 277,

Then

Vonlz) = O1y(2) - 277 — 27V B0y (2)
Vo (@) = (1= B) (O3 (2) 2 )

if this is then set equal to V() above, the result is

Vin(2) = ay0i5(2) - 274 — agOip(2) 277 - 2% = (1 - B)(04n(2) - 277)

thus we may set

to get
Vi{z) = 04(2) - 277 — 0,(2)

The definitions for Vy and V, above mean that for noise Hy{&) is:

Vi(z)  BOu(zy+0,(z3z"Y
V,(2) Oy (2)—2"Y B0, (2}
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which, if the amplitude noise responses are about the same, has the form of an alipass filter. This
has the advautage of being easily and accurately modeled, especially in magnitude response,

satisfying R2.

This formulation assures that the noise response will be as similar as possible and that the speech
response will be proportional to (1 — £2). Since f is the ratio of the distances from O and Oz to
the speech source, it is affected by the size of the array and the distance from the array to the
speech source.

16084] Figure 11 13 a plot of linear response of virtual microphone Vy with § =0.81oa 1
kHz speech source at a distance of 0.1 m, under an embodiment. The linear response of virtual
microphone V1o speech is devoid of or includes no null and the respounse for speech is greater
than that shown in Figure 4.

{6085] Figure 12 is a plot of lincar response of virtual microphone Vy with § =081 a l
kHz noise source at a distance of 1.0 m, under an embodiment. The lincar response of virtual
microphone V) to noise is devoid of or inchudes no null and the response is very similar to V3
shown in Figure 5.

10086} Figure 13 1s a plot of linear response of virtual microphone Vi with £ =08 10to a
speech source at a distance of 0.1 m for frequencies of 100, 300, 1000, 2000, 3000, and 4000 Hz,
under an embodiment. Figure 14 is a plot showing comparison of frequency responses for
speech for the array of an embodiment and for a conventional cardioid microphone,

16687] The response of 'V, to speech is shown in Figure 11, and the response to noise in
Figure 12, Note the difference in speech response compared to V; shown in Figure 9 and the
similarity of noise response shown in Figure 10. Also note that the orientation of the speech
response for Vy shown in Figure 11 is completely opposite the orientation of conventional
systems, where the main lobe of response is normally oriented toward the speech source. The
orientation of an embodiment, i which the main lobe of the specch response of 'V 18 oriented
away from the speech source, means that the speech seusitivity of ¥ is lower than a normal
directional microphone but is flat for all frequencies within approximately +-30 degrees of the
axis of the array, as shown in Figure 13, This flatness of response for speech means that no
shaping postfilter is needed to restore omnidirectional frequency response. This does come at a

price - as shown in Figure 14, which shows the speech response of ¥V with § = 0.8 and the
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speech response of a cardioid microphone. The speech response of 'V is approximately 0 to ~ 13
dB less than a norrual directional microphone between approximately 500 and 7500 Hz and
approximately § to 10+ dB greater than a directional microphone below approximately 500 Hz
and above 7500 Hz for a sampling frequency of approximately 16000 Hz, However, the superior
noise suppression made possible using this system more than compensates for the initially poorer
SNR.

16088] It should be noted that Figores 9-12 assume the speech 1s located at approximately 0
degrees and approximately 10 cm, § = 0.8, and the noise at all angles is located approximately
1.0 meter away from the midpoint of the array. Generaily, the noise distance is not required to be
I mor more, but the denoising is the best for those distances. For distances less than
approximately 1 m, denoising will not be as effective due to the greater dissimilarity in the noise
responses of Viand V. This has not proven to be an impediment in practical use - in fact, it can
be seen as a feature. Any "noise” source that is ~10 om away from the earpiece is likely to be
desired to be captured and transratited.

{6089] The speech null of 'V, means that the VAD signal is no longer a critical component.
The VAD's purpose was o cnsure that the system would not train on speech and then
subsequently remove i, resulting in speech distortion. I, however, ¥V, contains no speech, the
adaptive system cannot train on the specch and cannot remove it. As a result, the system can
denoise all the time without fear of devoicing, and the resulting clean audio can then be used to
generate a VAD signal for use in subsequent single-channel noise suppression algorithms such as
spectral subtraction. In addition, constraints on the absolute value of Hy(2) (i.c. restricting it to
absolute values less than two) can keep the system from fully training on speech even it it is
detected. In reality, though, speech can be present due to a mis-located V» null and/or echoes or
other phenomena, and a Y AD sensor or other acoustic-only VAD is recommended to minimize
speech distortion,

{06096} Depending on the application, £ and y may be fixed in the noise suppression
algorithm or they can be estimated when the algorithm indicates that speech production is taking
place in the presence of little or no noise. In either case, there may be an error in the estimate of
the actual £ and y of the system. The following description examines these errors and their effect
on the performance of the system. As above, "good performance” of the system indicates that

there is sufficient denoising and minimal devoicing.
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(6691 The effect of an incorrect § and y on the response of V; and V, can be seen by

examining the definitions above:

Vi(z) = 04z} - 2777 — B,0,(z)
Volz) = 0y(2) - 2777, 04(2)

where 8y and v, denote the theoretical estimates of § and y used in the noise suppression

algorithm, In reality, the speech response of Os 18

Ogs(z) = Prlss(z) -277R
where Sy and vy denote the real # and y of the physical system. The differences between the
theoretical and actual values of # and ¥ can be due to mis-location of the speech source (it is not
where it is assumed to be) and/or a change in air temperatare {which changes the speed of
sound). Inserting the actual response of O for speech nto the above equations for Vy and V,

yields

Viglz) = 045232777 — By Sz 7R]

if the difference in phase is represented by

Yr =¥r t¥p

And the difference in amplitude as

Br = Bfr

then

15(2) = 045(2)z V{1 = Bffz 70
Vas(e) = BrOys(2)2 ™V {Be™70 — 1]
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{6092} The speech cancellation in 'V, (which divectly affects the degree of devoicing) and the
speech response of 'V will be dependent on both B and B. An examination of the case where D=
0 follows. Figure 15 is a plot showing speech response for Vy {top, dashed) and V; (bottom,
solid) versus B with d, assumed to be (.1 m, under an emibodiment. This plot shows the spatial
null in V; to be relatively broad. Figure 16 is a plot showing a ratio of V/V; speech responses
shown i Figure 18 versus B, under an embodiment. The ratio of Vi/V; 18 above 14 dB for all
0.8 < B < 1.1, and this means that the physical § of the system need not be exactly modeled for
good performance. Figure 17 is a plot of B versus actual dy assuming that ds = 19 em and theta =
0, under an embodiment. Figure 18 is a plot of B versus theta with d, = 10 cm and assuming d, =
10 ¢m, under an embodiment.

16093 In Figare 15, the speech response for Vi (upper, dashed) and V» (lower, solid)
compared to Oy is shown versus B when ds is thought to be approximately 10 cmand 8 = 0.
When B = 1, the speech is absent from V. In Figure 16, the ratio of the speech responses in
Figure 10 is shown. When 0.8 <B < 1.1, the V/V» ratio is above approximately 10 dB - enough
for good performance. Clearly, it I = §, B can vary significantly without adversely affecting the
performance of the system. Again, this assumes that calibration of the microphones so that both
their amplitude and phase response is the same for an identical source has been performed.
{6094] The B factor can be non-unity for a variety of reasons. Either the distance to the
speech source or the relative orientation of the array axis and the speech source or both can be

different than expected. It both distance and angle mismatches are included for B, then

 Br Jdig — 2dspdy cos{6x) + di  \JdE + 2dsrdg cos(Br) + df
Br Jdz, + 2dspdy cos(8y) +d2  Jd%, — 2dgpdg cos(8y) + dF

where again the T subscripts indicate the theorized values and R the actual values.

In Figure 17, the factor B is plotted with respect to the actual d with the assumption that d; = 10
cor and 8 = (. So, if the speech source in on-axis of the array, the actual distance can vary from
approximately 5 cm te 18 cm without significantly affecting performance - a significant amount.
Similarly, Figure 18 shows what happeus if the speech source is located at a distance of

approximately 10 cm but not on the axis of the array. In this case, the angle can vary up to
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approximately +-55 degrees and still result in a B less than 1.1, assuring good performance. This
is a significant amouut of allowable angular deviation. H there is both apgular and distance
errors, the equation above may be used to determine if the deviations will result in adequate
performance. Of course, if the value for S5 is allowed to update during specch, cssentially
tracking the speech source, then B can be kept near unity for almost all configurations.
[0095] An exarmination follows of the case where B 1s vty but D 1s nonzero. This can
happen if the speech source 1s not where 1f is thought to be or if the speed of sound is different
from what it is believed to be, From Equation 5 above, it can be sees that the factor that weakens
the speech null in V; for speech is

N{z)=8z"YP —1
or in the continuous s domain

N(s) = Be 05— 1

Since y is the time difference between arrival of speech at Vy compared to V, it can be errors in
estimation of the angular location of the speech source with respect to the axis of the array and/or
by temperature changes. Examining the temperature sensitivity, the speed of sound varies with

temperature as
c=331.3+(0.606T) nvs

where T is degrees Celsius. As the temperature decreases, the speed of sound also decreases.
Setting 20 C as a design temperature and a maximum expected temperature range to -40 C to
+60 C (~40 ¥ to 140 F). The design speed of sound at 20 C i3 343 /s and the slowest speed of
sound will be 307 m/s at -40 C with the fastest speed of sound 362 m/s at 60 C. Set the array
length (2dg) to be 21 rom. For speech sources on the axis of the array, the difference in travel
time for the largest change in the speed of sound is

1

d d i .
Plpay = — — — = 0.021n ( ) = -7.2x010 5sec
M T o "343 m/s 307 m/s “ Sec
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or approximately 7 microseconds. The response for Nis) given B = 1 and D = 7.2 ysec is shown
in Figare 19. Figure 19 is a plot of amuplitude (top) and phase (bottom) respouse of N{8) with B
= | and D = -7.2 psec, under an embodiment. The resulting phase difference clearty affects high
frequencies more than low. The amplitude response is less than approximately -10 dB for all
frequencies less than 7 kHz and is only about -9 dB at 8 kHz. Therefore, assuming B = 1, this
system would likely perform well at frequencies up to approximately 8 kHz, This means that a
properly compensated system would work well even up to 8 kHz 1o an exceptionally wide (e.g., -
40 C to 80 C) temperature range. Note that the phase 10 mismatch due to the delay estimation
error causes N(s) to be much larger at high frequencies compared to fow.

{6096] I B is not unity, the robustness of the system 18 reduced since the effect from non-
unity B is cumulative with that of non-zero D). Figure 20 shows the amplitude and phase
response for B = 1.2 and D = 7.2 usec. ¥Figure 28 is a plot of amplitude (top) and phase (bottom}
response of N(s) with B = 1.2 and D = -7.2 psec, under an embodiment. Non-unity B affects the
entire frequency range. Now N(s} is below approximately ~10 dB only for frequencies Jess than
approximately 5 kHz and the response at low frequencies is much larger. Such a system would
stifl perform well below 5 kHz and would only suffer from shightly elevated devoicing for
frequencies above 5 kHz. For ultimate performance, a temperature sensor may be integrated into
the system to allow the algorithm to adjust py as the temperature varies,

{6097] Another way in which D can be non-zero is when the speech source is not where it is
believed to be - specifically, the angle from the axis of the array to the speech source 1s incorrect.
The distance 10 the source may be incorrect as well, but that introduces an error in B, not [
{6098] Referring fo Figure 2, it can be scen that for two speech sources (each with their own
d, and 8) that the time difference between the arrival of the speech at O and the arrival at O, is

where

dvp = '\jdfl - stld() COS(Q’L\) + (ig

X

dy, = ‘\];dgi + 2dg, dg cos(8y) + di

dyy = \}d_;éz 2yl c0s(6,) + d2
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{6099] The V., speech cancellation response for 8; = 0 degrees and 8, = 30 degrees and
assumning that B = 1 is shown in Figure 21. Figure 21 15 a plot of amplitede (top) and phase
{bottom) response of the effect on the speech cancellation in Vadue to a mistake in the location
of the speech source with qi = 0 degrees and q2 = 30 degrees, under an embodiment. Note that
the cancellation is still below -10 dB for frequencies below 6 kHz. The cancellation is still below
approximately -10 dB for frequencies below approximately 6 kHz, so an error of this type will
not significantly affect the performance of the sysiern. However, it 82 13 increased to
approximately 45 degrees, as shown in Figure 22, the cancellation is below approximately -10
dB only for frequencies below approximately 2.8 kHz. Figure 22 s a plot of amplitude (top) and
phase (bottom) response of the effect on the speech canceliation in V, due to a mistake in the
location of the speech source with 15 gl = 0 degrees and g2 = 45 degrees, under an embodiment.
Now the cancellation is below -10 dB only for {requencies below about 2.8 kHz and a reduction
in performance is cxpected. The poor V, speech cancellation above approximately 4 kHz may
result in significant devoicing for those frequencies.

{60100} The description above has assumed that the microphones O; and O, were calibrated
50 that their response {o a source located the same distance away was identical for both
amplitude and phase. This is not always feasible, so a more practical calibration procedure is
presented below, I s not as accurate, but is much simpler to implement. Begiu by defining a
filter g(z) such that:

O1c(2) = afz)0,0(2)

where the "C" subscript indicates the use of a known calibration source. The simplest one fo use

is the speech of the user. Then

O15(z) = a(z)0;c(2)

The microphone definitions are now:

Vi{z) = 0{z) 277 = B(2)a(2)0,(z)
Volz) = a(2)0,(2) — 27V (2)04(2)
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{66181} The g of the system should be fixed and as close to the real value as possible. In
practice, the system is not sepsitive to changes in £ and errors of approximately +-53% are easily
tolerated. During times when the user is producing speech but there is little or no uoise, the

system can train g{z) to remove as much speech as possible. This is accomplished by:

1. Construct an adaptive system as shown in Figure 1 with BO,(2)z”" in the
"MICT" position, Ogsiz) 1o the "MIC2” position, and afz) in the Hi{z) position.
2. During speech, adapt a{z) to minimize the residual of the systenm.

3. Construct Vi{«) and Vy{z) as above,

[60102] A simple adaptive filter can be used for afz) so that only the relationship between the
microphones is well modeled. The system of an embodiment trains only when speech is being
produced by the user, A sensor like the SSM 1s invaluable in determining when speech 1s being
produced in the absence of noise. If the speech source is fixed in position and will not vary
significantly during use (such as when the array is on an earpiece), the adaptation should be
infrequent and slow to update in order to minimize any errors introduced by noise present during
training.
{60193} The above formulation works very well because the noise (far-field) responses of 'V,
and V; are very similar while the speech (near-field} responses are very different. However, the
formulations for Vi and V; can be varted and still result in good performance of the system as a
whole. If the definitions for V and V5 are taken from above and new variables B1 and B2 are
inserted, the result is:

Vi{z) = 0y{(2) - 277 — By 5, 0,(2)

f(2) = 0x(2) — 2777 By 04 (2)

where Bl and B2 arc both positive numbers or zero. I Bl and B2 are sct cqual to unity, the
optimal system results as described above, If B1 is allowed o vary {rom unity, the response of
Vy is affected. An examination of the case where B2 is left at | and Bl is decreased follows, As
B1 drops to approximately zero, V; becomes less and less directional, until i becomes a simple
omnidirectional microphone when Bl =8, Since B2 = 1, a speech mull remains in Vs, so very

different speech responses remain for Vy and Vs, However, the notse responses are much less

26
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similar, so denoising will not be as effective. Practically, though, the system still performs well.
B1 can also be mereased from unity and once agaiu the system will still denoise well, just not as
well as with B = 1.

160194]  If B2 is allowed to vary, the speech null in 'V, is affected. As long as the speech null
is stilf sufficiently deep, the system will still perform well. Practically values down to
approximately B2 = 0.6 have shown sufficient performance, but it is recommended to set B2
close to unity for optimal performance.

{00105]  Similarly, variables ¢ and A may be introduced so that;

Volz) = (1 + 8)0,4(2) + (e — )0 (2)27

This formmdation also allows the virtual microphone responses to be varied but retains the ail-
pass characteristic of Hy{(z).

[60186]  In conclusion, the system 1< flexible enough to operate well at a variety of Bl values,
but B2 values should be close to unity to Himit devoicing for best performance.

{60107}  Experimental resulis for a 2dg = 19 mum array using a lincar § of 0.83 and B1 =B2 =
1 on a Bruel and Kjaer Head and Torso Simulator (HATS) in very loud (~85 dBA) musi¢/speech
noisc environment are shown in Figare 23. The alternate 30 microphone calibration technique
discussed above was used to calibrate the microphones. The noise has been redaced by about 25
dB and the speech hardly affected, with no noticeable distortion. Clearly the technigue
significantly mcreases the SNR of the original speech, far outperforming conventional noise
suppression technigues.

160108} The DOMA can be a component of a single system, multiple systers, and/or
geographically separate systems. The DOMA can also be a subcomponent or subsystem of a
single system, multiple systems, and/or geographically separate systems. The DOMA can be
coupled 1o oue or more other componeuts (not shown} of a host system or a system coupled Lo
the host systen.

{60199 One or more compouents of the DOMA aund/or a corresponding system or application
to which the DOMA is coupled or connected inchudes and/or runs under and/or in association

with a processing system, The processing system includes any collection of processor-based
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devices or computing devices operating together, or components of processing systems or
devices, as s known iu the art. For example, the processing systew can inchude one or more of a
portable computer, portable communication device operating in a communication network,
and/or a network server, The portable computer can be any of a nurnber and/or combination of
devices selected from among personal computers, cellular telephones, personal digital assistants,
portable computing devices, and portable communication devices, but 18 not so limited. The
processing system can include components within a larger computer system.

{80116} The processing system of an embodiment inclades at least one processor and at least
one memory device or subsystem. The processing system can also inchude or be coupled to at
lcast one database. The term "processor™ as generally used herein refers to any logic processing
unit, such as one or more central processing units (CPUs), digital signal processors (DSPs),
application~-specific integrated circuits {ASIC), ete. The processor and memory can be
monolithically integrated onto a single chip, distributed among 4 number of chips or
components, and/or provided by some combination of algorithms. The methods described herein
can be implemented in one or more of software algorithm(s), programs, firmware, hardware,
components, circuilry, in any combination.

{80111}  The components of any system that includes the DOMA can be located together or in
separate locations. Communication paths couple the components and inchude any medium for
communicating or transferring files among the components. The communication paths include
wireless connections, wired connections, and hybrid wireless/wired connections. The
comnrunication paths also include couplings or connections to networks including tocal area
networks (LANs), metropolitan arca networks (MANSs), wide arca networks (WANs),
proprietary networks, interoffice or backend networks, and the Internet. Furthermore, the
communication paths include removable fixed mediums like floppy disks, hard disk drives, and
CD-ROM disks, as well as {lash RAM, Universal Serial Bus {(USB) conpections, RS8-232
connections, telephone lines, buses, and clectronic mail messages.

{60112} Embodiments of the DOMA described herein include a microphone array comprising:
a first virtnal microphone comprising a first combination of a {irst microphone signal and a
second microphone signal, wherein the first microphoune signal is generated by a first physical
microphone and the second microphone signal is generated by a second physical microphone;

and a second virtual microphone comprising a second combination of the first microphone signal
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and the second microphone signal, wherein the second combination is different from the first
combination, wherein the first vittual microphoue and the second virtual microphone are distinct
virtual directional microphones with substantially similar responses to noise and substantially
dissimilar responses to speech.

{60113} The first and second physical microphones of an embodiment are omnidirectional.
{00114}  The first virtual microphone of an embodiment has a first Hinear response to speech
that i1s devoid of a null, wherein the speech is human speech. The second virtual microphone of
an embodiment has a second lincar response to speech that includes a single null oriented in a
direction toward a source of the speech.

{66115}  The single null of an embodiment is a region of the second lincar response having a
measured response level that is lower than the measured response level of any other region of the
second linear response.

160116]  The second linear response of an embodiment includes a primary lobe oriented in a
direction away from the source of the speech.

{66117}  The primary lobe of an embodiment is a region of the second linear response having a
measured response level that is greater than the measured respouse level of any other region of
the second linear response.

{60118]  The first physical roicrophone and the second physical microphone of an embodiment
are positioned along an axis and separated by a first distance.

{60119} A nudpoint of the axis of an embodiment 18 a second distance from a speech source
that generates the speech, wherein the speech source is located in a direction defined by an angle
relative to the midpoint,

{601208]  The first virtual microphone of an embodiment comprises the second microphone
signal subtracted from the first microphone signal.

801211  The first microphone sigual of an erubodiment is delayed.

{80122}  The delay of an embodiment is raised to a power that is proportional to a time
difference between arrival of the speech at the first virtual roicrophone and arvival of the speech
at the second virtual microphone.

{60123} The delay of an cmbodiment s raised to a power that is proportional to a sampling

frequency multiplied by a guantity equal 1o a third distance subtracted from a fourth distance, the
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third distance being between the first physical microphone and the speech source and the fourth
distance being between the second physical microphone and the speech source.

{80124} The second microphone signal of an embodiment is mulitiplied by a ratio, wherein the
ratio is a ratio of a third distance to a fourth distance, the third distance being between the first
physical microphone and the speech source and the fourth distance being between the second
physical microphone and the specch source,

1601258]  The second virtual microphone of an embodiment comprises the first microphone
signal subtracted from the second microphone signal,

[60126]  The first microphone signal of an embodiment is delayed.

{66127}  The delay of an ecmbodiment is raised to a power that is proportional to a time
difference between arrival of the speech at the first virtual microphone and arrival of the speech
at the second virtual microphone.

160128]  The power of an embodiment is proportional to a sampling frequency multiphed by a
quantity equal to a third distance subtracted from a fourth distance, the third distance being
between the first physical microphone and the speech source and the fourth distance being
between the second physical microphone and the speech source.

{80129}  The first microphone signal of an ecmbodiment is nwltiplied by a ratio, wherein the
ratio is a ratio of the third distance to the fourth distance.

{60138]  The single null of an embodiment is located at a distance from at least one of the first
physical microphone and the second physical microphone where the source of the speech is
expected to be.

{60131} The first virtual microphone of an embodiment comprises the second microphone
signal subtracted from a delayed version of the first microphoue signal.

{66132}  The sccond virtual microphone of an embodiment comprises a delayed version of the
first microphone signal subtracted from the second microphone signal.

{80133} Embodiments of the DOMA described herein include a microphone array comprising:
a first virtual microphone formed from a first combination of a fivst microphone signal and a
second microphone signal, wherein the first microphone signal is generated by a first
omuidirectional microphone and the sccond microphone signal is generated by a second
omunidirectional microphone; and a second virtual microphone formed from a second

combination of the first microphone signal and the second microphone signal, wherein the
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second combination is different from the first combination; wherein the first virtual microphone
has a fivst linear response to speech that is devoid of a null, wherein the second virtual
microphone has a second linear respouse to speech that has a single null oriented in a direction
toward a source of the speech, wherein the speech is human speech.

{60134]  The first virtual microphone and the second virtual microphone of an embodiment
have a linear response to noise that 18 substantially similar.

1601358]  The single null of an embodiment s a region of the second linear response having a
measured response level that is lower than the measured response level of any other region of the
second linear response,

{66136] The sccond lincar response of an embodiment includes a primary lobe oriented in a
dircction away from the source of the speech.

{80137F  The primary lobe of an embodiment is a region of the second linear response having a
measured response lovel that is greater than the measured response level of any other region of
the second linear response,

{60138} Embodiments of the DOMA described herein include a device comprising: a first
microphone outputting a fivst microphone signal and a second microphone outputting a second
microphone signal; and a processing component coupled to the first microphone signal and the
second microphone signal, the processing component generating a virtual microphone array
comprising a first virtual microphone and a second virtual microphone, wherein the first virtual
microphone comprises a first combination of the first microphone signal and the second
microphone signal, wherein the second virtual microphone comprises a second combination of
the first microphone signal and the second microphone signal, wherein the second combination is
different from the first combination, wherein the first virtual microphone and the second virtual
microphone have substantially similar responses to noise and substantially dissimilar responses
to speech.

{80139} Embodiments of the DOMA described herein include a device comprising: a first
microphone outputting a first microphone signal and a second microphone oulpulting a second
microphone signal, wherein the first microphone and the second microphone are omnidirectional
microphones; and a virtual microphone array comprising a first virtual microphone and a second
virtual microphone, wherein the first virtnal microphone comprises a first combination of the

first microphone signal and the second microphone signal, wherein the second virtual
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microphone comprises a second combination of the first microphone signal and the second
ricrophone sigoal, wherein the second combiuation is different from the first combination,
wherein the first virtual microphone and the second virtual microphone are distinct virtual
directional microphones.

{60140  Embodiments of the DOMA described herein include a device comprising: a first
physical microphone generating a first microphone signal; a second physical microphone
generating a second microphone signal; and a processing coraponent coupled to the first
microphone signal and the second microphone signal, the processing component generating a
virtual microphone array comprising a first virtual myicrophone and a second virtual microphoue;
wherein the first virtual microphone comprises the second microphone signal subtracted from a
delayed version of the first microphone signal; wherein the second virtual microphone comprises
a delayed version of the first microphone signal subtracted from the second microphone signal.
160141]  The first virtual microphone of an embodiment has a first linear response to speech
that is devoid of a mull, wherein the speech is human spesch.

{60142]  The second virtual microphone of an embodiment has a second linear response to
speech that includes a single null oriented in a direction toward a source of the speech.

{80143}  The single null of an embodiment is a region of the second lincar response having a
measured response level that is lower than the measured response level of any other region of the
second lnear response,

{60144} The second linear response of an embodiment includes a primary lobe oriented 1n a
direction away from the source of the speech.

160145}  The primary lobe of an embodiment is a region of the second lincar response having a
measured response level that is greater than the measured response level of any other region of
the second lincar response,

{80146} The first physical microphone and the second physical microphone of an embodiment
are positioned along an axis and separated by a first distance.

{60147 A midpoint of the axis of an embodiment is a second distance from a speech source
that generates the speech, wherein the speech source is located in a divection defined by an angle
relative to the midpoint.

{80148} One or more of the first microphone signal and the second microphone signal of an

embodiment is delayed.
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{60149}  The delay of an cmbodiment is raised to a power that is proportional to a time
difference between arrival of the speech at the fivst virtual microphone and arrival of the speech
at the second virtual microphone.

160156}  The power of an embodiment is proportional to a sampling frequency multiplied by a
quantity equal to a third distance subtracted from a fourth distance, the third distance being
between the first physical microphone and the speech source and the fourth distance being
between the secoud physical raicrophone and the speech source.

{80151}  One or more of the first microphone signal and the second microphone signal of an
embodiment is multiphied by a gain factor.

{66152} Embodiments of the DOMA described herein include a sensor comprising: a physical
microphone array including a first physical microphone and a sccond physical microphone, the
first physical microphone outputting a first microphone signal and the second physical
microphone outputting a second microphone signal; a virtual microphone array comprising a first
virtual microphone and a second virtual microphone, the first virtual microphone comprising a
first combination of the first microphone signal and the second microphone signal, the sccond
virtual microphone comprising a second combination of the first microphone signal and the
second microphone signal, wherein the second combination is different from the first
combination; the virtual microphone array including a single null oriented in a divection toward a
source of speech of a human speaker.

{60153}  The first virtual microphone of an embodiment has a first linear response to speech
that is devoid of a null, wherein the second virtual microphone has a second linear response to
specch that includes the single null,

[60154]  The first virtual microphone and the second virtual microphone of an embodiment
have a linear response to noise that is substantially stmilar.

[60155] The single null of an embodiment is a region of the second linear response to speech
having a measured response level that is lower than the measured response level of any other
region of the second linear response.

{66156  The second linear response to speech of an embodiment includes a primary lobe

oricuted 1u a dircction away from the source of the speech.
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{60157}  The primary lobe of an embodiment is a region of the second linear response having a
measured response level that is greater than the measured respouse level of any other region of
the second linear response.

160158]  The single null of an embodiment 1s located at a distance {rom the physical
microphone array where the source of the speech is expected 1o be.

{00159} FEmbodiments of the DOMA described herein include a device comprising: a headset
including at least one loudspeaker, wherein the headset attaches to a region of a human head; a
microphone array connected to the headset, the microphone array inchuding a first physical
microphone outputting a first microphone signal and a second physical microphone ocutputting a
second microphone signal; and a processing component coupled to the microphone array and
generating a virtual microphone array comprising a first virtaal microphone and a second virtual
microphone, the first virtual microphone comprising a first combination of the {irst microphone
signal and the second microphone signal, the sccond virtual microphone comprising a second
combination of the first microphone signal and the second microphone signal, wherein the
second combination is different from the first combination, wherein the first virtual microphone
and the secound virtaal microphone have substantially similar responses to noise and substantially
dissimilar responses to speech.

[60168]  The first and second physical microphones of an embodiment are ommidirectional.
{60161}  The first virtual microphone of an embodiment has a first lincar response to speech
that 1s devoid of a null, wherein the speech is human speech.

{80162} The second virtual microphone of an embodiment has a second linear response to
speech that includes a single null oriented in a direction toward a source of the speech.

{60163}  The single null of an embodiment is a region of the second linear response having a
measured response level that is lower than the measured response level of any other region of the
second Hnear response.

{80164} The second linear response of an embodiment includes a primary lobe oriented in a
direction away from the source of the speech.

{66165  The primary lobe of an embodiment is a region of the second linear response having a
measured response level that is greater than the measured respouse level of any other region of

the second linear response,
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{60166} The first physical microphone and the second physical microphone of an embodiment
are positioned along an axis and separated by a first distance.

[00167] A midpoint of the axis of an embodiment is a second distance from a speech source
that generates the speech, wherein the speech source is located in a direction defined by an angle
relative to the midpoint.

[00168] The first virtual microphone of an embodiment comprises the second microphone
signal subtracted frova the first microphone signal.

{80169}  The first microphone signal of an cmbodiment is delayed.

{60178 The delay of an erobodiruent is raised to a power that is proportional to a ime
difference between arrival of the speech at the first virtual microphone and arrival of the speech
at the second virtual microphone.

{80171}  The delay of an embodiment is raised to a power that is proportional to a sampling
frequency multiphied by a quantity equal to a third distance subtracted from a fourth distance, the
third distance being between the first physical microphone and the speech source and the fourth
distance being between the second physical microphone and the speech source.

180172}  The second microphone signal of an embodiment is multiplied by a ratio, wherein the
ratio is a ratio of a third distance to a fourth distance, the third distance being between the first
physical microphone and the speech source and the fourth distance being between the second
physical microphone and the speech source.

{66173}  The second virtual microphone of an embodiment comprises the first microphone
signal subtracted from the second microphone signal.

160174}  The first microphone signal of an embodiment is delayed.

[60178]  The delay of an embodiment is raised 1o a power that is proportional to a time
difference between arrival of the speech at the first virtual microphone and arrival of the speech
at the second virtual microphone.

{80176} The power of an embodiment is proportional to a sampling frequency multiplied by a
quantity equal to a third distance subtracted from a fourth distanee, the third distance being
between the first physical microphone and the speech source and the fourth distance being
between the second physical microphone and the speech source.

{80177F  The first microphone signal of an embodiment is nwltiplied by a ratio, wherein the

ratio is 4 ratio of the third distance to the fourth distance.
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{60178}  The first virtual microphone of an embodiment comprises the second microphone
signal subtracied from a delayed version of the first microphone signal,

{80179  The second virtual microphone of an embodiment comprises a delayed version of the
first microphone signal subtracted from the sccond microphone signal.

{60188] A speech source that generates the speech of an embodiment is a mouth of 2 human
wearing the headset.

{60181} The device of an embodiment comprises a voice activity detector { VAD) coupled to
the processing component, the VAD generating voice activity signals.

[60182]  The device of an ewbodiment comprises an adaptive noise removal application
coupled to the processing component, the adaptive notse removal application receiving signals
from the first and second virtual microphones and generating an output signal, whercin the
output signal is a denoised acoustic signal.

160183]  The microphone array of an embodiment receives acoustic signals mcluding acoustic
speech and acoustic noise.

{60184]  The device of an embodiment comprises a communication channel coupled to the
processing component, the communication chanpel comprising at least one of a wireless channel,
a wired channel, and a hybrid wireless/wired channel.

{60185]  The device of an ewbodiment comprises a communication device coupled to the
headset via the communication channel, the comnmunication device comprising one or more of
cellular telephones, satellite telephones, portable telephones, wireline telephones, Internet
telephones, wireless transceivers, wireless communication radios, personal digital assistants
(PDAs), and personal computers (PCs).

[60186] Embodiments of the DOMA described herein include a device comprising: 2 housing;
a loudspeaker connected to the housing; a first physical microphone and a second physical
microphone connected to the housing, the first physical microphone outpulting a first
microphone signal and the second physical microphone outputting a second microphone signal,
wheren the {irst and second physical microphones are oranidirectional; a first virtual
microphone comprising a first combination of the first microphone signal and the second
microphone signal; and a second virtual microphone comprising a second combination of the
first microphone signal and the second microphone signal, wherein the second combination is

different from the first corabination, wherein the first virtual microphone and the second virtual
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microphone are distinet virtual directional microphones with substantially similar responses to
noise and subsiantially dissiroilar responses to speech.

{60187F Embodiments of the DOMA described herein include a device comprising: a housing
including a loudspeaker, wherein the housing is portable and configured for attaching to a mobile
object; and a physical microphone array connected to the headset, the physical microphone array
imcluding a first physical microphone and a second physical microphone that form a virtual
raicrophone array comprising a first virtnal microphone and a second virtual microphone; the
first virtual microphone comprising a first combination of a first microphone signal and a second
microphone signal, wherein the first microphone signal is generated by the fivst physical
microphone and the second microphone signal is generated by the second physical microphone;
and the second virtual microphone comprising a second combination of the first microphone
signal and the second microphone signal, wherein the second combination is different from the
first combination; wherein the first virtual muicrophone has a first Huear response o speech that is
devoid of a null, wherein the second virtual microphone has a second linear response to speech
that has a single null oriented in a direction toward a source of the speech, wherein the speech is
human speech.

{60188}  The first virtual microphone and the second virtual microphone of an embodiment
have a linear response (o noise that is substantially similar,

{6018%]  The single null of an embodiment is a region of the second linear response having a
measured response lovel that is lower than the measured response level of any other region of the
second linear response.

160196]  The second linear response of an embodiment includes a primary lobe ortented in a
direction away from the source of the speech.

{66191}  The primary lobe of an embodiment is a region of the second lincar response having a
measured response level that is greater than the measured respouse level of any other region of
the second linear response.

{60192]  Embodiments of the DOMA described herein include a device comprising: a housing
that is attached fo a region of a human speaker; a loudspeaker connected to the housing; and a
physical microphone array including a first physical microphone and a second physical
microphone connected to the housing, the first physical microphone outputting a first

microphone sienal and the second physical microphone outputting a second microphone signal
fory o > tg
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that in combination form a virtual microphone array; the virtual microphone array comprising a
first virtual microphone and a second virtual microphone, the first virtual microphone
comprising a first combination of the first microphone signal and the second microphone signal,
the second virtual microphone comprising a second combination of the first microphone signal
and the second microphone signal, wherein the second combination is different from the first
combination; the virtual microphone array including a single null oriented in a direction toward a
source of speech of the human speaker,

{80193} The first virtual microphone of an embodiment has a first linear response to speech
that is devoid of a null, wherein the second virtual microphone has a second linear response (o
speech that includes the single null.

[60194] The first virtual microphone and the second virtual microphone of an embodiment
have a linear response to noise that is substantially similar,

160195]  The single null of an embodiment s a region of the sccond linear response o speech
having a measured response level that is lower than the measured response level of any other
region of the second linear response.

180196} The second linear response to speech of an embodiment includes a primary lobe
oriented in a direction away from the source of the speech.

{63197 The primary lobe of an embodiment is a region of the second linear response having a
measured response level that is greater than the measured response level of any other region of
the second lincar response,

{60198] The single null of an embodiment is located at a distance from the physical
microphone array where the source of the speech is expected to be.

{60199 Embodiments of the DOMA described herein include a system comprising: a
microphone array including a first physical microphone outputting a first microphone signal and
a second physical microphone outputting a second microphone signal; a processing component
coupled to the microphone array and generating a virtual microphone array comprising a first
virtual microphone and a second virtual microphone, the first virtual microphone comprising a
first combination of the first microphone signal and the second microphone signal, the second
virtual microphone comprising a sccond combination of the first microphone signal and the
second microphone signal, wherein the second combination is different from the first

combination, wherein the first virtual microphone and the second virtual microphone have
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substantiaily similar responses to noise and substantially dissimilar responses to speech; and an
adaptive noise removal application coupled to the processing coruponent and generating
denoised cutput signals by forming a plurality of combinations of signals output from the first
virtual microphone and the sccond virtual microphone, wherein the denoised output signals
include less acoustic noise than acoustic signals received at the microphone array.

{00200} The first and second physical microphones of an embodiment are ommidirectional.
160261]  The first virtual maicrophone of an embodiment has a first inear response {o speech
that is devoid of a null, wherein the speech is human speech.

{60202]  The second virtual microphone of an embodiment has a second lnear response o
speech that includes a single null oriented in a direction toward a source of the speech.

{60203} The single null of an embodiment is a region of the second linear response having a
measured response level that is lower than the measured response level of any other region of the
second linear response.

{60284]  The second linear response of an embodiment includes a primary lobe oriented in a
direction away from the source of the speech.

1802851  The primary lobe of an embodiment is a region of the second linear respouse having a
measured response level that is greater than the measured response level of any other region of
the second lincar response.

{60206} The first physical microphone and the second physical microphone of an embodiment
are posttioned along an axis and separated by a first distance.

{00287 A midpoint of the axis of an embodiment is a second distance from a speech source
that generates the speech, wherein the speech source is located in a direction defined by an angle
relative to the midpoint.

{60208}  The first virtual microphone of an embodiment comprises the second microphone
signal subtracted from the first microphone signal.

{80289]  The first microphone signal of an embodiment is delayed,

[60210]  The delay of an erobodiroent is raised to a power that is proportional to a time
difference between arrival of the speech at the first virtual microphone and arrival of the speech
at the second virtual microphone,

{60211} The delay of an embodiment is raised to a power that is proportional to a sampling

frequency muitiplied by a quantity equal to a third distance subtracted from a fourth distance, the
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third distance being between the first physical microphone and the speech source and the fourth
distance being between the second physical microphone and the speech source.

{80212} The second microphone signal of an embodiment is mulitiplied by a ratio, wherein the
ratio is a ratio of a third distance to a fourth distance, the third distance being between the first
physical microphone and the speech source and the fourth distance being between the second
physical microphone and the specch source,

1602131  The second virtual microphone of an embodiment comprises the first microphone
signal subtracted from the second microphone signal,

[60214]  The first microphone signal of an embodiment is delayed,

{60215} The delay of an cmbodiment is raised to a power that is proportional to a time
difference between arrival of the speech at the first virtual microphone and arrival of the speech
at the second virtual microphone.

160216]  The power of an embodiment is proportional to 2 sampling frequency multiphed by a
quantity equal to a third distance subtracted from a fourth distance, the third distance being
between the first physical microphone and the speech source and the fourth distance being
between the second physical microphone and the speech source.

{80217} The first microphone signal of an embodiment is nwltiplied by a ratio, wherein the
ratio is a ratio of the third distance to the fourth distance.

{60218]  The first virtual microphone of an embodiment comprises the second microphone
signal subtracted from a delayed version of the first microphone signal.

{80219 The second virtual microphone of an embodiment comprises a delayed version of the
first microphone signal subtracted from the sccond microphone signal.

[60228]  The system of an embodiment comprises a voice activity detector (VAD) coupled to
the processing component, the VAD generating voice activity signals.

802211 The system of an embodiment comprises a communication channel coupled to the
processing component, the communication channel comprising at least one of a wireless channel,
a wired channel, and a hybrid wireless/wired chanuvel.

[66222]  The system of an embodiment comprises a communication device coupled fo the
processing component via the communication channel, the communication device comprising

one or more of cellular telephones, satellite telephones, portable telephones, wireline telephones,
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Internet telephones, wireless transceivers, wireless communication radios, personal digital
assistanis (PI3As), and personal computers (PCs).

{602231 Embodiments of the DOMA described herein include a system comprising: a first
virtual microphone formed from a {irst combination of a first microphone signal and a sccond
microphone signal, wherein the first microphone signal is generated by a first physical
microphone and the second microphone signal is generated by a second physical microphone; a
second virtual mricrophoue formed from a second combination of the first microphone signal and
the second microphone signal, wherein the second combination is different from the first
combination; wherein the first virtual microphone bas a first linear response to speech that is
devoid of a null, wherein the second virtual microphone has a second lincar response to speech
that has a single null oriented in a direction toward a source of the speech, wherein the speech is
kuman speech; an adaptive noise removal application coupled to the first and second virtual
microphones and generating denoised output signals by forming a plurality of combinations of
signals output from the first virtual microphone and the second virtual microphone, wherein the
denoised output signals include less acoustic noise than acoustic signals received at the first and
second physical microphones.

{80224}  The first virtual microphone and the second virtual microphone of an embodiment
have a linear response (o noise that is substantially similar,

{602258]  The single null of an embodiment is a region of the second linear response having a
measured response lovel that is lower than the measured response level of any other region of the
second linear response.

160226]  The second linear response of an embodiment includes a primary lobe ortented in a
direction away from the source of the speech.

{60227}  The primary lobe of an embodiment is a region of the second linear response having a
measured response level that is greater than the measured respouse level of any other region of
the second linear response.

{60228  Embodiments of the DOMA described herein include a sysiern comprising: a fivst
microphone outputting a first microphone signal and a second microphone oufputting a second
microphone signal, wherein the first microphone and the second microphone are ommidirectional
microphones; a virtual microphone array comprising a first virtual microphone and a second

virtual microphone, wherein the first virtual microphone comprises a {irst combination of the
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first microphone signal and the second microphone signal, wherein the second virtual
ricrophone comprises a second combination of the first microphone sigoal and the second
wheretn the first virtual microphone and the second virtual microphone are distinet virtual
directional microphones; and an adaptive noise removal application coupled to the virtual
microphone array and generating denoised output signals by forming a plurality of combinations
of signals output from the first virtual microphone and the second virtual microphone, wherein
the denoised output signals include less acoustic noise than acoustic signals received at the first
microphone and the second microphone.

{60229} Embodiments of the DOMA described herein include a system comprising: a first
physical microphone generating a first microphone signal; a second physical microphone
generating a second microphone signal; a processing component coupled to the first microphone
signal and the second microphone signal, the processing component generating a virtual
microphone array comprising a f{irst virtual microphone and a second virtual microphone; and
wherein the first virtual microphone comprises the second microphone signal subtracted from a
delayed version of the first microphone signal; wherein the second virtual microphone comprises
a delayed version of the first microphone signal subtracted from the second microphone signal;
an adaptive noise removal application coupled to the processing coruponent and generating de
noised output signals, wherein the dencised output signals include less acoustic noise than
acoustic signals recetved at the first physical microphone and the second physical microphone.
{80236  The first virtual microphone of an embodiment has a first linear response to speech
that is devoid of a null, wherein the speech is human speech.

{66231]  The second virtual microphone of an embodiment has a second lingar response to
speech that includes a single null oriented in a direction toward a source of the speech.

802321  The single null of an embodiment is a region of the second linear response having a
measured response level that is lower than the measured response level of any other region of the
second Hnear response,

{66233]  The second linear response of an embodiment includes a primary lobe oriented in a

dircction away from the source of the speech.
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{60234} The primary lobe of an embodiment is a region of the second linear response having a
measured response level that is greater than the measured respouse level of auy other region of
the second linear response.

160235}  The first physical microphone and the second physical microphone of an embodiment
are positioned along an axis and separated by a first distance.

100236] A nudpoint of the axis of an embodiment 18 a second distance from a speech source
that generates the speech, wherein the speech source s located 1o a divection defined by an angle
relative to the midpoint.

[60237F  One or more of the first microphone signal and the second roicrophoune signal of an
embodiment is delayed.

[60238] The delay of an cmbodiment s raised to a power that is proportional to a time
difference between arrival of the speech at the first virtual microphone and arrival of the speech
at the second virtual microphone.

{6623%  The power of an embodiment is proportional to a sampling frequency mulitiplied by a
quantiity equal to a third distance subtracted from a fourth distance, the third distance being
between the first physical microphone and the speech source and the fourth distance being
between the second physical microphone and the speech source.

[60248]  One or more of the first microphone signal and the second microphone signal of an
embodiment 18 muitiplied by a gain factor.

{60241)  The system of an embodiment comprises a voice activity detector {VAD) coupled to
the processing component, the VAD generating voice activity signals.

160242}  The system of an embodiment comprises a communication channel coupled to the
processing component, the communication channel comprising at least one of a wireless channel,
a wired channel, and a hybrid wircless/wired channel.

{80243  The system of an embodiment comprises a communication device coupled to the
processing component via the comumunication channel, the communication device comprising
one or wore of cellular telephones, satellite telephones, portable telephones, wireline telephones,
Internet telephones, wireless transceivers, wireless 10 communication radios, personal digital
assistants {PDAs), and personal computers {PCs).

{80244} Embodiments of the DOMA described herein include a system comprising: a physical

microphone array including a first physical microphone and a second physical microphone, the
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first physical microphone outputting a first microphone signal and the second physical
microphone outputting a second microphoune signal; a virtual myicrophoune array comprising a first
virtual microphone and a second virtual microphone, the first virtual microphone comprising a
first corabination of the first microphone signal and the sccond microphone signal, the second
virtual microphone comprising a second combination of the first microphone signal and the
second microphone signal, wherein the second combination is different from the first
combination; the virtual microphone array includiog a single null oniented 1 a durection toward a
source of speech of a human speaker; and an adaptive noise removal application coupled to the
virtual microphone array and generating denotsed output signals by forming a plurality of
combinations of signals output from the virtual microphone array, wherein the denoised output
signals include less acoustic noise than acoustic signals received at the physical microphone
array.

160245]  The first virtual microphone of an embodiment has a first linear response to speech
that is devoid of a null, wherein the second virtual microphone of an embodiment has a second
lincar response to speech that includes the single null.

180246]  The first virtual microphone and the second virtual wicrophoune of an embodiment
have a linear response to noise that is substantially similar.

[60247]  The single null of an embodiment is a region of the second Hnear response (o speech
having a measured response level that is lower than the measured response level of any other
region of the second lnear response. The second linear respounse to speech of an embodiment
includes a primary 1obe oriented in a direction away from the source of the speech.

160248}  The primary lobe of an embodiment s a region of the second lincar response having a
measured response level that is greater than the measured response level of any other region of
the second lincar response,

[60249] The single null of an embodiment is located at a distance from the physical
microphone array where the source of the speech is expected to be.

[60258] Embodiments of the DOMA described herein include a system comprising: a first
virtual microphone comprising a first combination of a first microphone signal and a second
microphone signal, wherein the first microphone signal is output from a first physical
microphone and the second microphone signal is output from a second physical microphone; a

second virtual microphone comprising a second combination of the first microphone signal and
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the second microphone signal, wherein the second combination is different from the first
combination, wherein the first vittual microphoue and the second virtual microphoue are distinet
virtual directional microphones with substantially similar responses to noise and subsiantially
dissimnilar responses o speech; and a processing component coupled to the first and second
virtual microphones, the processing component including an adaptive noise removal application
receiving acoustic signals from the first virtual microphone and the second virtual microphone
and generating an output sigonal, wherein the output Signal is a denoised acoustic signal,

{80251} Embodiments of the DOMA described herein include a method comprising: forming
a first virtual microphone by generating a first combination of a {irst microphone signal and a
second microphone signal, wherein the first microphone signal is generated by a first physical
microphone and the sccond microphone signal is generated by a sccond physical microphone;
and forming a second virtual microphone by generating a second combination of the first
microphone signal and the second microphone Signal, wherein the second combination 18
different from the first combination, wherein the first virtual microphone and the second virtual
microphone are distinet virtual directional microphones with substantially similar responses to
noise and substantially dissiroilar responses to speech.

{80252} Forming the first virtual microphone of an embodiment includes forming the first
virtual microphone to have a first linear response to speech that is devoid of a null, wherein the
speech is human speech,

{60253} Forming the second virtual microphone of an embodiment includes forming the
second virtual microphone to bave a second linear response o speech that inciudes a single null
oriented in a direction toward a source of the speech.

[60254]  The single null of an embodiment is a region of the second linear response having a
measured response level that is lower than the measured response level of any other region of the
second Hnear response.

{80255] The second linear response of an embodiment includes a primary lobe oriented in a
direction away from the source of the speech.

{66256}  The primary lobe of an embodiment is a region of the second linear response having a
measured response level that is greater than the measured respouse level of any other region of

the second linear response,

45

-176 -



ALRO50ACONL

{60257}  The method of an embodiment comprises positioning the first physical microphone
and the second physical microphone along an axis and separating the first and second physical
microphones by a first distance.

160258] A midpoint of the axis of an embodiment is a second distance from a specch source
that generates the speech, wherein the speech source is located in a direction defined by an angle
relative to the midpoint.

16025%]  Forming the first virtual rcrophone of an embodiment comprises subtracting the
second microphone signal subtracted from the first microphone signal.

{60260  The wethod of av embodiment comprises delaying the first microphone signal.
{60261} The method of an embodiment comprises raising the delay to a power that is
proportional to a time difference between arrival of the speech at the first virtual microphone and
arrival of the speech at the second virtual microphone.

1602621  The method of an embodiment comprises raising the delay to a power that 18
proportional to a sampling frequency multiplied by a quantity equal to a third distance subtracted
from a fourth distance, the third distance being between the first physical microphone and the
speech source and the fourth distance being between the second physical microphone and the
speech source.

{60263}  The wethod of an embodiment comprises multiplying the second microphone signal
by a ratio, wherein the ratio is a ratio of a third distance to a fourth distance, the third distance
being between the first physical microphone and the speech source and the fourth distance being
between the second physical microphone and the speech source.

160264} Forming the second virtual microphone of an embodiment corprises subtracting the
first microphone signal from the second microphone signal.

{60265} The method of an embodiment comprises delaying the first microphone signal.
802661 The method of an embodiment comprises raising the delay to a power that is
proportional to a time difference between arrival of the speech at the first virtual microphone and
arrival of the speech at the second virtual roicrophone.

{66267  The method of an embodiment comprises raising the delay to a power that is
proportional to a sampling froquency multiplied by a quantity equal to a third distance subtracted

from a fourth distance, the third distance being between the first physical microphone and the
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speech source and the fourth distance being between the second physical microphone and the
speech source,

{60268 The method of an embodiment comprises multiplying the first microphone signal by a
ratio, wherein the ratio is a ratio of the third distance to the fourth distance.

{6026%]  Forming the first virtual microphone of an embodiment comprises subtracting the
second microphone signal from a delayed version of the first microphone signal,

160276] Forming the second virtual microphone of an embodiment comprises: forming a
quantity by delaying the first microphone signal; and subtracting the quantity from the second
microphone signal.

{60271}  The first and sccond physical microphones of an embodiment are ommidirectional.
{60272} Embodiments of the DOMA described herein include a method comprising: receiving
a {irst microphone signal from a first omnidirectional microphone and receiving a second
microphone signal from a second omnidirectional microphone; generating a first virtual
directional myicrophone by generating a first combination of the first microphone signal and the
second microphone signal; generating a second virtual directional microphone by generating a
second combination of the first microphone signal and the second microphoune signal, wherein
the second combination is different from the first combination, wherein the first virtual
microphone and the second virtual microphone are distinet virtual directional microphones with
substantially similar responses to noise and substantially dissimilar responses to speech.

{60273] Embodiments of the DOMA described herein include a method of forming a
microphone array comprising: forming a first virtual nyicrophone by generating a first
combination of a first microphone signal and a second microphone signal, wherein the first
microphone signal is generated by a first omnidirectional microphone and the second
microphone signal is generated by a second omnidirectional microphone; and forming a second
virtual microphone by generating a second combination of the first microphone signal and the
second microphone signal, wherein the second combination is different from the first
combination; wherein the first virtual microphone has a first linear response to speech that is
devoid of a null, wherein the second virtual microphone has a second linear response to speech
that has a single null oriented in a direction toward a source of the speech, whercin the speech is

ltaman speech.
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{60274} Forming the first and second virtual microphones of an embodiment comprises
forming the first virtnal microphone and the second virtual microphone to have a linear response
to noise that is substantially similar,

160275} The single null of an embodiment s a region of the second lncar response having a
measured response level that is lower than the measured response level of any other region of the
second hnear response,

1602761 The second linear respounse of an embodiment includes a primary lobe oriented 1n a
direction away from the source of the speech. The primary iobe of an embodiment is a region of
the second lincar response having a measured respouse level that is greater than the measured
response level of any other region of the second linear response.

{602777  Embodiments of the DOMA described herein include a method comprising: receiving
acoustic signals at a first physical microphone and a second physical microphone; outputting in
response to the acoustic signals a first microphone signal from the {irst physical microphone and
outputting a second microphone signal from the second physical microphone; forming a first
virtual microphone by generating a first combination of the first microphone signal and the
second microphone signal; forming a second virtual microphone by generating a second
combination of the first microphone signal and the second microphone signal, wherein the
second combination is different from the first combination, wherein the first virtual microphone
and the second virtual microphone are distinct virtual directional microphones with substantially
stimilar responses to noise and substantially dissimilar responses to speech; generating output
signals by combining signals from the first virtnal microphone and the second virtual
microphone, wherein the output signals include less acoustic noise than the acoustic signals.
{60278]  The first and second physical microphones of an embodiment are omnidirectional
microphones.

802791 Forming the {irst virtual microphone of an embodiment includes forming the first
virtual microphone to have a first linear response to speech that is devoid of a null, wherein the
speech is human speech.

{60280 Forming the second virtual microphone of an embodiment includes forming the
second virtual microphone to have a sccond linear response to speech that includes 2 single null

oriented in a direction toward a source of the speech. The single null of an embodiment is a
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region of the second linear response having a measured response level that is lower than the
measured response level of any other region of the second linear response.

{60281  The second linear response of an embodiment includes a primary lobe oriented in a
direction away from the source of the speech.

[60282]  The primary lobe of an embodiment is a region of the second linear response having a
measured response level that is greater than the measured response level of any other region of
the second linear response,

{60283} Forming the first virtual microphone of an embodiment comprises subtracting the
second microphone signal from a delayed version of the first microphoue signal.

{60284] Forming the second virtual microphone of an embodiment comprises: forming a
quantity by delaving the first microphone signal; and subtracting the quantity from the second
microphone signal. Embodiments of the DOMA described herein include a method comprising:
forming a physical microphone array including a first physical microphone and a second
physical microphone, the first physical microphone outputting a first microphone signal and the
second physical microphone outputting a second microphone signal; and forming a virtual
microphone array comprising a first virtual microphone and a secoud virtual microphone, the
first virtual microphone 10 comprising a first combination of the first microphone signal and the
second microphone signal, the second virtual microphone comprising a second combination of
the first microphone signal and the second microphone signal, wherein the second combination is
different from the first combination; the virtual microphone array including a single null oriented
in a direction toward a source of speech of a human speaker.

[60285] Forming the first and sceond virtual microphones of an crabodiment comprises
forming the first virtual microphone and the second virtual microphone to have a linear response
to noisc that is substantially similar.

802861 The single null of an embodiment is a region of the second linear response having a
measured response level that is lower than the measured response level of any other region of the
second Hnear response,

{66287 The second linear response of an embodiment includes a primary lobe oriented in a

dircction away from the source of the speech.
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{60288} The primary lobe of an embodiment is a region of the second linear response having a
measured response level that is greater than the measured respouse level of auy other region of
the second linear response.

160288]  The single null of an embodiment 1s located at a distance {from the physical
microphone array where the source of the speech is expected 1o be.

[002906]  Aspects of the DOMA and corresponding systems and methods described herein may
be implemented as functionality programmed into any of a variety of circuitry, including
programmabie logic devices (PLDs), such as field programmable gate arrays (FFGAs),
prograrumable array logic (PAL) devices, elecirically prograrmmable logic and memory devices
and standard cell-based devices, as well as application specific integrated circuits (ASICs). Some
other possibilitics for implementing aspects of the DOMA and corresponding systems and
methods include: microcontroliers with memory (such as electronically erasable programmable
read only memory (EEPROM}), embedded microprocessors, firmware, sofiware, eic.
Furthermore, aspects of the DOMA and corresponding systems and methods may be embodied
in microprocessors having software-based circuit emwlation, discrete logic (sequential and
combinatorial), custom devices, fuzzy (neural) logic, quantum devices, and hybrids of any of the
above device types. Of course the underlying device technologies may be provided in a variety
of component types, ¢.g., metal-oxide semicondactor field-effect transistor (MOSFET)
technologies like complementary metal-oxide semiconductor (CMOS), bipolar technologies like
critter-coupled logic {ECL), polymer technologies (e.g., silicon-conjugated polymer and metal-
conjugated polymer-metal structures), mixed 15 analog and digital, etc.

{60291} 1t should be noted that any system, method, and/or other components disclosed herein
may be described using computer aided design tools and expressed {or represented), as data
and/or instructions embodied in various computer-readable media, in terms of their behavioral,
register transfer, logic component, fransistor, layout geowmetries, and/or other characteristics.
Computer-readable media in which such formatied data and/or instructions may be embodied
include, but are not Hmited Lo, non-volatile storage media in various forms {e.g., optical,
magnetic or semiconductor storage media}l and carrier waves that may be used to transfer such
formatied data and/or instructions through wireless, optical, or wired signaling media or any
combination thereof. Examples of transfers of such formatted data and/or instructions by carrier

waves include, but are not limited to, transfers (uploads, downloads, c-maii, ctc.} over the
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Internet and/or other computer networks via one or more data transfer protocols {e.g., HTTP,
FTP, SMTP, et¢.}. When received within a computer system via one or more compuier-readable
media, such data and/or instruction-based expressions of the above described components may
be processed by a processing entity (e.g., onc or more processors) within the computer system in
conjunction with execution of one or more other computer programs.

[00292]  Unless the context clearly requires otherwise, throughout the description and the
clairus, the words "comprise,” "comprising,” and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say, in a sense of "including, but
not limited t0." Words using the singular or plural rumber also include the plural or singufar

"o

number respectively, Additionally, the words "herein,” "hereunder,” "above,” "below,” and
words of similar import, when used in this application, refer to this application as a whole and
not to any particular portions of this application. When the word "or" is used in reference to a list
of two or more items, that word covers all of the following mterpretations of the word: any of the
items in the list, all of the items in the list and any combination of the items in the Hst.

{60293} The above description of embediments of the DOMA and corresponding systems and
methods is not intended to be exhaustive or to liit the systems and roethods to the precise forms
disclosed. While specific embodiments of, and cxamples for, the DOMA and corresponding
systems and methods are deseribed herein for illusirative purposes, various equivalent
modifications are possible within the scope of the systems and methods, as those skilled in the
relevant art will recognize. The teachings of the DOMA and corresponding systerns and methods
provided herein can be applied to other systems and methods, not only for the systems and
methods described above,

[66294]  The elements and acts of the various embodiments described above can be combined
to provide further embodiments. These and other changes can be made to the DOMA and
corresponding systems and methods in light of the above detailed description.

{60295]  In general, in the following claims, the terms used should not be construed to limit the
DOMA and corresponding systems and roethods to the specific embodiments disclosed in the
specification and the claims, but should be construed to include all systems that operate under the
claims. Accordingly, the DOMA and corresponding systems and methods is not limnted by the

disclosure, but instead the scope is to be determined entirely by the claims,
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{60296} While certain aspects of the DOMA and corresponding systems and methods are
presented below in certain claim forms, the inventors contermplate the various aspects of the
DOMA and corresponding systems and methods in any number of claim forms. Accordingly, the
inventors reserve the right to add additional claims after filing the application o pursue such

additional claim forms for other aspects of the DOMA and corresponding systems and methods.

n
N
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CLAIMS

What is claimed is:

1. A microphone array comprising:

a first virtual microphone cormprising a first combination of a first microphone signal and
a second microphone signal, wherein the first microphone signal is generaied by a first physical
microphone and the second microphone signal is generated by a second physical microphone;
and

a second virtual microphone comprising a second combination of the first microphone
signal and the second microphone signal, wherein the second combination is different from the
first combination, wherein the first virtual microphone and the second virtual microphone are
distinet virtual directional microphones with substantially similar responses to noise and

substantially dissimilar responses to speech.
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FORMING VIRTUAL MICROPHONE ARRBRAYS USING BUAL
OMNIDIRECTIONAL MICROPHONE ARRAY (BOMA)

ABSTRACTY
A dual oranidirectional microphone array noise suppression is described. Compared to
conventional arrays and algorithms, which seek o reduce noise by nulling out noise sources, the
array of an embodiment is used fo form two distinet virtual directional microphones which are
configured to have very similar noise responses and very dissimilar speech responses. The only
null formed is one used to remove the speech of the user from V,. The two virtual microphones
may be paired with an adaptive filter algorithm and VAD algorithru 1o significanily reduce the
noise without distorting the speech, significantly improving the SNR of the desired speech over

conventional noise suppression syslers,
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Receive acoustic signals at a first physical
microphone and 2 second physical microphone.

Output first microphone signal from first physical
microphone and second microphone signal from
second physical microphone.

704

Form first virtual microphone using the first combination
of first microphone signal and second microphone signal.

706

Form second virtual microphone using second combination |
of first microphone signal and second microphone signal. |

Generate denoised output signals having less
acoustic noise than received acoustic signals,

700—"

FIG.7

Form physical microphone array including first

physical microphone and second physical microphone.

80

2

¥

Form virtual microphone array including first virtual
microphone and second virtual microphone using
signals from physical microphone array.

-804

800 —"

FIG.8
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Linear response of V2 to a speech source at 0.10 meters
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Linear response of V1 to a speech source at 0.10 meters
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Linear response of V1 {0 g speech source at 6.1 meters

180 1 ,
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Frequency response at 0 degrees
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V1/V2 for speech (dB)
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Amplitude (dB)

Phase {degrees)
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N{s} for B ~ | and D =-7.2e-006 seconds
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N{s) for B = 1.2 and D = -7.2¢-006 seconds
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Amplitude (dB)

Phase (degrees)
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Cancellation with dl = 1, thetal =0, d2 = 1, and theta = 30
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Cancellation with dl = 1, thetal =0, d2 = 1, and thetad = 4§
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