Case 222-ov-00351-RWE-REP Document 4 Filed O8/08/22 Page 1 of 1 PagelD # 288

AQO 120 (Rev. 08/103%

O Mail Stop 8 REPORT ON THE
’ Birector of the U.S. Patent and Trademark Office FILING OR DETERMINATION (OF AN
P.O. Box 1458 ACTION REGARDING APATENT OR
Alexandria, VA 22313-145¢ TRADEMARK
In Compliance with 35 U.S.C. § 290 and/or 15 U.5.C. § 1116 vou are hereby advised that a court action has been
filed in the U.S. District Court Eastern District of Texas, Marshall Division on the following
) Trademarks or - [ Patems. ([ the patent action invoives 33 (.80, § 292.);

DOCKET NO. DATE FILED U8, BISTRICT COURT

2:22-ov-00351-RWS- 18 /872022 Eastern District of Texas, Marshall Division
PLAINTIFF DEFENDANT

Texiron Innovations inc. SZ BJl Technology Co., Lid., DJl Europe BV, 3Z DJi

Baiwang Technology Co. Lid,, and iFlight Technology
Company Lid.
FATENT OR DATE OF PATENT . S DEMARK
TRADEMARK NQO, OR TRADEMARK HOLDER OF PATENT OR TRADEM!

110,275,950 4/36/2018 Textron innovations Inc.

2 8,332,082 12/11/2012 Taxtron Innovations Inc.

3 8,682,505 3i25/2(14 Textron innovations Inc.

4 11,288,872 3/29/2022 Textron Innovations inc.

5

In the above—cntitled case, the following patent(s) trademark(s) have been included:
DATE INCLUDED INCLUDED BY
1 Amendment [ Answer 3 Cross Bill ] Other Pleading
PATENT OR DATE OF PATENT . R D AT DEMARK
TRADEMARK NGO, R TRADEMARK HOLDER OF PATENT OR TRADEM:

i

o)

4

5

inthe above-—euntitled case, the following decision has been rendered or judgement issued:

DECISIONJUDGEMENT

CLERK (BY) DEPUTY CLERK DATE

Copy I—Upon initiation ¢f action, mail thic copy to Director  Copy 3—Upon termination of action, mail this copy te Birector
{opy 2—Upon filing document adding patent(s), mail this copy to Birector Copy 4—Case file copy
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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. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
13/711,234 03/25/2014 8682505 0837RF-H793-C 1159
38441 7590 03/05/2014

LAW OFFICES OF JAMES E. WALTON, PLLC
1169 N. BURLESON BLVD.

SUITE 107-328

BURLESON, TX 76028

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 O 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):

KEVIN THOMAS CHRISTENSEN, Plano, TX;
SHYHPYNG JACK SHUE, Grapevine, TX;

TROY SHELDON CAUDILL, Burleson, TX;

BELL HELICOPTER TEXTRON INC., Fort Worth, 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) Page 2 of 181



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
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
indicated unl?ss corrtg:cted below or directed otherwise in Block 1, by {a) specifying a new correspondence address; and/or (b) indicating a separate " ADDRESS" for
maintenance fee notifications.

Note: A certificate of mz:.ilintg1 can only be used for domestic mailings of the

Fee(s) Transmittal. This certificate cannot be used for any other accompanying

CURRENT CORRESPONDENCE ADLRESS (Note: Usc Block 1 for any chenge of address) Ea.pers. 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 hereb that this Fee(s) Transmittal is being i

Lek 1 vl ek L ]

3844 7590 11/01/2013
LAW OFFICES OF JAMES E. WALTON, PLLC

certi;

é 539 N-lggnggSON BLVD. tansmitted to the USPTOAS%13-3%8-2885, on the date indicated below 44 /e ¢
ITE 107- J E. Wal i’ Web,
BURLESON, TX 76028 smes B Walton (cpoiats ame)
il _—
3 February 2014 (Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. I CONFIRMATION NO.
13/711,234 121172012 KEVIN THOMAS CHRISTENSEN 0837RF-H793-C 1150

TITLE OF INVENTION: FLIGHT CONTROL LAWS FOR CONSTANT VECTOR FLAT TURNS

| apernTvem ENTITYSTATUS | ISSUBFEEDUE | PUBLICATION FEEDUE | PREV. PAIDISSUE FEE | TOTAL FEE(S) DUE | pamEpus
nonprovisional UNDISCOUNTED 31780 3300 S0 $2080 02/03/2014
L EXAMINER ] ART UNIT ] CLASS-SUBCLASS I
NGUYEN, TAN QUANG 3661 701-003000

1. Chﬁﬁggﬁf correspondence address or indication of "Fee Address" (37 2. For printing on the patent f.ront page, list | James E. Walton
CER 1. (1) the names of up to 3 registered patent attorneys

I Change of corres%mdence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. (2) the name of a single firm (having as a membera 2

Richard G. Eldredge

[ "Pee Address" indication (or "Fee Address” Indjcation form registered attorney or agent) and the names of up to
PTO/SB/M7; 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 im 37 CFR 3.11. Completion of this form is NOT a substituie for filing an assignment.

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

Textron Innovations Inc. Providence, Rhode Island

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 eredit card. Form PTO-2038-s attached. - Paid via EFS-Web.
[1 Advance Order - # of Copi mThe Director is hereby anthorized to charge the required fee(s), any deficiency, or credit any
rder - & of Coples overpayment, to Deposit Account Number _502 guo 6 Ee)nclose an extea copy of this form).

Page 2 of 4
PTOL-85 (Rev. 02/11)

Page 3 of 181



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 form PTO/SB/15A and 15B), issue
e payment in the micro entity amount will not be accepted at the risk of application abandonment.
J 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 statas.
] 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; The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature /.éwwvﬁ m Date 3 February 2014

Typed or printed name James E. Walton Registration No. 47,245

This collection of information s required by 37 CER 1.311. The information is required to obtain or retain a benefit b& 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 migutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vag depending upon the individoal case. Any comments on the amount of time you ire to complete
this form and/or S\%gest.ions 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.

Page 3 of 4
PTOL-85 (Rev. 02/11) Approved for use through 08/31/2013. OMB 0651-0033 U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Page 4 of 181



Electronic Patent Application Fee Transmittal

Application Number:

13711234

Filing Date:

11-Dec-2012

Title of Invention:

FLIGHT CONTROL LAWS FOR CONSTANT VECTOR FLAT TURNS

First Named Inventor/Applicant Name:

KEVIN THOMAS CHRISTENSEN

Filer:

James Edward Walton

Attorney Docket Number:

0837RF-H793-C

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Utility Appl Issue Fee 1501 1 960 960
Publ. Fee- Early, Voluntary, or Normal 1504 1 0 0

Page 5 of 181




Description Fee Code Quantity Amount SU{JJ-STS::; in
Extension-of-Time:
Miscellaneous:
Total in USD ($) 960

Page 6 of 181




Electronic Acknowledgement Receipt

EFS ID: 18092559

Application Number: 13711234

International Application Number:

Confirmation Number: 1159
Title of Invention: FLIGHT CONTROL LAWS FOR CONSTANT VECTOR FLAT TURNS
First Named Inventor/Applicant Name: KEVIN THOMAS CHRISTENSEN
Customer Number: 38441
Filer: James Edward Walton

Filer Authorized By:

Attorney Docket Number: 0837RF-H793-C
Receipt Date: 03-FEB-2014
Filing Date: 11-DEC-2012
Time Stamp: 12:06:31
Application Type: Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type Credit Card
Payment was successfully received in RAM $960

RAM confirmation Number 9686

Deposit Account 502806
Authorized User WALTON, JAMES E

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

Page 7 of 181




File Listing:

Document . L. . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (ifappl.)
153155
1 Issue Fee Payment (PTO-85B) PTOL-85-20140203.pdf no 2
b0222957bdf365430bb3300ee946f08f4 3¢
6le5
Warnings:
Information:
32174
2 Fee Worksheet (SB06) fee-info.pdf no 2
7678bdd134de9dcf8eb3ff461f48ae67ecH
Warnings:
Information:
Total Files Size (in bytes); 185329

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

Page 8 of 181




UNITED STATES PATENT AND TRADEMARK OFFICE

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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
KEVIN THOMAS
13/711,234 12/11/2012 CHRISTENSEN 0837RF-H793-C
CONFIRMATION NO. 1159
38441 PUBLICATION NOTICE
LAW OFFICES OF JAMES E. WALTON, PLLC
7169 N. BURLESON LV, A

SUITE 107-328
BURLESON, TX 76028

Title:FLIGHT CONTROL LAWS FOR CONSTANT VECTOR FLAT TURNS

Publication No.US-2014-0025237-A1
Publication Date:01/23/2014

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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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

38441 7590 110172013 | EXAMINER |
LAW OFFICES OF JAMES E. WALTON, PLLC NGUYEN, TAN QUANG
1169 N. BURLESON BLVD.
SUITE 107-328 | ART UNIT PAPERNUMBER |
BURLESON, TX 76028 3661

DATE MAILED: 11/01/2013

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

13/711,234 12/11/2012 KEVIN THOMAS CHRISTENSEN 0837RF-H793-C 1159

TITLE OF INVENTION: FLIGHT CONTROL LAWS FOR CONSTANT VECTOR FLAT TURNS

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

nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 02/03/2014

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: 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 4
PTOL-85 (Rev. 02/11) Page 10 of 181



PART B - FEE(S) TRANSMITTAL
Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE

Commlssmner for Patents

P.O.Box 1

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
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated 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

malntenance fee notifications.

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

38441 7590 11/01/2013

LAW OFFICES OF JAMES E. WALTON, PLLC
1169 N. BURLESON BLVD.

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.

SUITE 107-328 -
BURLESON, TX 76028 (Deposhors name)
(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. | CONFIRMATION NO.
13/711,234 12/11/2012 KEVIN THOMAS CHRISTENSEN 0837RF-H793-C 1159
TITLE OF INVENTION: FLIGHT CONTROL LAWS FOR CONSTANT VECTOR FLAT TURNS
| APPLN. TYPE ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional UNDISCOUNTED $1780 $300 $0 $2080 02/03/2014
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
NGUYEN, TAN QUANG 3661 701-003000

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

| Chan%e of correspondence address (or Change of Correspondence
Address form PTO/SB/122) attached.

[ "Eee 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

(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) : [ ndividuat 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 credit any
overpayment, to Deposit Account Number (enclose an extra copy of this form).

PTOL-85 (Rev. 02/11)
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5. Change in 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 form 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: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information 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 toalt'f}lle Cﬁief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandgria, 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.

Page 3 of 4
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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

| appcaTonno. | FILING DATE | FIRST NAMED INVENTOR | artorvEY DOCKETNO. | conFrRMATIONNO. |
13/711,234 12/11/2012 KEVIN THOMAS CHRISTENSEN 0837RF-H793-C 1159
38441 7590 110172013 | EXAMINER |
LAW OFFICES OF JAMES E. WALTON, PLLC NGUYEN, TAN QUANG
1169 N. BURLESON BLVD.
SUITE 107-328 | ART UNIT PAPERNUMBER |
BURLESON, TX 76028 3661

DATE MAILED: 11/01/2013

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

The Patent Term Adjustment to date is O day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 0 day(s).

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
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Page 4 of 4
PTOL-85 (Rev. 02/11) Page 13 of 181



Privacy Act Statement

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

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

1.

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

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

. A record in this system of records may be disclosed, as a routine use, to a Member of Congress

submitting a request involving an individual, to whom the record pertains, when the individual has
requested assistance from the Member with respect to the subject matter of the record.

. A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency

having need for the information in order to perform a contract. Recipients of information shall be
required to comply with the requirements of the Privacy Act of 1974, as amended, pursuant to 5
U.S.C. 552a(m).

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

. A record in this system of records may be disclosed, as a routine use, to another federal agency for

purposes of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy
Act (42 U.S.C. 218(c)).

. A record from this system of records may be disclosed, as a routine use, to the Administrator,

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

. A record from this system of records may be disclosed, as a routine use, to the public after either

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

. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Attorney Docket No. 0837RF-H793-C

In Re Application of: § Examiner: NGUYEN, TAN QUANG
KEVIN THOMAS CHRISTENSEN, ET AL. g
Serial No: 13/711,234 | g Art Unit: 3661
Filed: 11 DECEMBER 2012 g
For: FLIGHT CONTROL LAWS FOR g
CONSTANT VECTOR FLAT TURNS § Confirmation No. 1159
AMENDMENT

Filed via EFS-Web
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Sir:

This Amendment is being filed in response to the Office Action dated 17 July 2013,
which provides for a three-month response period ending 17 October 2013.

Please enter the following amendments and consider the following remarks.

CERTIFICATE OF TRANSMISSION UNDER 37 CFR.§1 8(a)(1 )(u)(cy

Ia’ce of Transmlssmn

| hereby certify that thxs corresp@ndence ;IS bemg transmltted to the U.s. Patent and
‘Trademark Office (USPTO) via the USPTO electronlc fmng system (EFS—Web) on the
date shown above. : L

By: ,Awywvf M%

C/ James E Walton :
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IN THE CLAIMS:

The following is a complete listing of the claims. Please amend the claims as

follows.

1. (Currently Amended) A control system for an aircraft, comprising:

a lateral control architecture configured to control lateral motion of the aircraft;
and

a longitudinal control architecture configured to control longitudinal motion of the
aircraft; A

wherein the control system utilizes the lateral control architecture and the
longitudinal control architecture to control yaw movement of the aircraft while the aircraft
maintains a constant vector heading across a ground surface; and

wherein the aircraft continuously moves in a yaw direction while maintaining the

constant vector heading.

2. (Original) The control system of claim 1, wherein the control system is operably

associated with a directional controller manually manipulated by a pilot.

3. (Original) The control system of claim 2, further comprising:
a directional control architecture, having:
a directional heading control loop;
a directional turn coordination control loop; and

a directional yaw rate control loop.

4. (Original) The control system of claim 3, further comprising:

a directional control latch in data communication with the directional control
architecture;

wherein, as the directional controller is moved out of a detent position, the

directional control latch activates a constant vector flat turn motion.

Amendment
Attorney Docket No. 0837RF-H793-C
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5. (Original) The control system of claim 1, the Iateral control architecture
comprising:

a lateral sideward groundspeed control loop;

a lateral roll attitude control loop; and

a lateral roll rate control loop.

6. (Original) The control system of claim 5, further comprising:

a lateral controller carried by the aircraft, the lateral controller being manipulated
by a pilot controlling the aircraft, the lateral controller creating a lateral command in data
communication with the lateral sideward groundspeed control loop, the lateral roll

attitude control loop, and the lateral roll rate control loop.

7. (Original) The control system of claim 6, further comprising:
a lateral control hatch in data communication with the control system,;
wherein, as the lateral controller is moved out of a detent position, the lateral

control latch resets a lateral speed hold.

8. (Original) The control system of claim 1, the longitudinal control architecture
comprising:

a longitudinal forward speed control loop;

a longitudinal pitch angle control loop; and

a longitudinal pitch rate control loop.

9. (Original) The control system of claim 8, the longitudinal control architecture
further comprising:

a longitudinal controller carried by the aircraft, the longitudinal controller being
manipulated by a pilot controlling the aircraft, the longitudinal controller creating a
longitudinal command in data communication with the longitudinal forward speed control
loop, the longitudinal pitch angle control loop, and the longitudinal pitch rate control

loop.

Amendment
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10.  (Original) The control system of claim 9, further comprising:
a longitudinal control hatch in data communication with the control system;
wherein, as the longitudinal controller is moved out of a detent position, the

longitudinal control latch resets a longitudinal speed hold.

11.  (Currently Amended) A method, comprising:

sensing a directional movement of [[a]] an aircraft;

determining lateral and longitudinal movements of the aircraft; and

selectively controlling flat yaw movement of the aircraft while maintaining a
constant vector flat turn relative to a ground surface;

wherein the aircraft continuously moves in a yaw direction while maintaining the

constant vector heading.

12.  (Original) The method of claim 11, the method further comprising:
commanding the flat yaw movement with a directional controller manipulated by

a pilot controlling the aircraft.

13.  (Original) The method of claim 12, wherein controlling the flat yaw movement
comprises:

communicating data through a directional heading control loop;

communicating data through a directional turn coordination control loop; and

communicating data through a directional yaw rate control loop.

14.  (Original) The method of claim 12, further comprising:
activating the constant vector flat turn with a directional control latch as the

directional controller is moved out of a detent position.

15.  (Original) The method of claim 11, wherein determining lateral movements is
achieved through the method comprising:
communicating lateral motion data through a lateral sideward groundspeed

control loop;

Amendment
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communicating lateral motion data through a lateral roll attitude control loop; and

communicating lateral motion data through a lateral roll rate control loop.

16.  (Original) The method of claim 11, further comprising:
controlling lateral movement with a lateral controller manipulated by a pilot

controlling the aircraft.

17.  (Original) The aircraft of claim 16, further comprising:
resetting a lateral speed hold with a lateral control hatch as the lateral controller

is moved out of a detent position.

18.  (Original) The method of claim 17, wherein controlling longitudinal movement
includes the method comprising:

communicating longitudinal motion data through a longitudinal forward speed
control loop;

communicating longitudinal motion data through a longitudinal pitch angle control
loop; and

communicating longitudinal motion data through a longitudinal pitch rate control

loop.

19.  (Original) The aircraft of claim 11, further comprising:
controlling longitudinal movement with a longitudinal controller manipulated by a

pilot controlling the aircraft.

20.  (Original) The aircraft of claim 19, further comprising:
resetting a longitudinal speed hold with a longitudinal control hatch as the

longitudinal controller is moved out of a detent position.

The Applicants submit that the foregoing amendments add no new matter to the

application.

Amendment
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REMARKS:
Claims 1-20 are currently pending in the present application.

Claims 1-20 stand rejected under 35 USC § 102(e) as being anticipated by
Piasecki (2010/0324758).

In view of the following comments, allowance of all the claims pending in the

application is respectfully requested.

Rejections Under 35 U.S.C. § 102(e):

Claims 1-20 stand rejected under 35 USC § 102(e) as being anticipated by
Piasecki. The Applicants respectfully traverse this rejection for at least the following

reasons.

Claim 1 is hereby amended by further clarifying that the control system is
configured to continuously control the yaw movement of the aircraft during flight while
also maintaining a constant vector heading. Support for these amendments is found in
at least paragraph 0013 and FIG. 2 in the drawings. FIG. A below is taken from FIG. 2
in the drawings, and depicts the movement of the aircraft during flight. As shown, the
aircraft moves in a constant heading indicated by arrow D1 while the aircraft turns in the

yaw-direction.

The Examiner states that these features are discussed in at least FIGS. 5-7, 10,
and 11 along with the corresponding text in Piasecki. The Applicants respectfully
disagree. Although Piasecki does disclose a system that utilizes lateral and longitudinal
motions, the art is silent with respect to using these movements along with maintaining
a constant vector heading, as clearly shown in the present application. As such, the
Applicants respectfully request that the rejections be reconsidered in view of these
amendments and remarks, and that Claim 1, along with dependent Claims 2-10 be

allowed.

Amendment
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FI1G. A: the claimed control system shown in FIG. 2 of the drawings.
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With respect to Claims 11-20, the features discussed herein are also
incorporated with independent Claim 11. Thus, the Applicants respectfully request that
the rejections to these claims also be reconsidered and withdrawn in view of the

foregoing amendments and remark, and that Claims 11-20 be allowed.

Distinctions, Other Than Those Discussed, May Exist:

It should be noted that the Applicants have merely discussed example
distinctions from the various references cited by the Examiner. Other distinctions may
exist and Applicants reserve the right to discuss these additional distinctions in a future
Response or on Appeal. By not responding to any additional statements made by the
Examiner, the Applicants do not acquiesce to any of the Examiners additional
statements. The Applicants respecitfully submit that the remarks provided above are

sufficient to overcome the Examiner’s rejections.

Amendment
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CONCLUSION:

The Applicants respectfully submit that the subject application is now in condition
for allowance, and an early reconsideration and issuance of a Notice of Allowance are
earnestly solicited. The Examiner is invited to contact the undersigned at (817) 447-
9955 with any questions, comments, or suggestions relating to the referenced patent

application.

This Amendment is being filed via the U.S. Patent and Trademark Office's EFS-
Web electronic filing system. No fees are deemed to be necessary, however, the
Commissioner is hereby authorized to charge any additional fees which may be required,

or credit any overpayments, to Deposit Account No. 502806.

Respectfully submitted,

/0/16/13 %5 2 S

Date ’ Jafnés E. Walton
Reg. No. 47,245
Law Offices of James E. Waiton, P.L.L.C.
1169 N. Burleson Blvd., Suite 107-328
Burleson, Texas 76028
(817) 447-9955 (Voice)
(817) 447-9954 (Facsimile)
jim@waltonpllc.com

CUSTOMER NO. 38441

ATTORNEY FOR APPLICANTS
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the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Attorney Docket No. 0837RF-H793-C
In Re Application of: Examiner: NGUYEN, TAN QUANG

KEVIN THOMAS CHRISTENSEN, ET AL.

Filed: 11 DECEMBER 2012

For: FLIGHT CONTROL LAWS FOR

§
§
§
§
Serial No: 13/711,234 § ArtUnit: 3661
§
§
§
§
CONSTANT VECTOR FLAT TURNS  §

Confirmation No. 1159

TRANSMITTAL

Filed via EFS-Web
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

Sir:
Please file the following enclosed documents in the subject application:

1. This Transmittal with Certificate of Transmission; and
2. Amendment.

CERTIFICATE OF TRANSM!SSI.N UNDER 37 c F. R § 1. 8(a)(1 )(1)(C)

Date of Transmssron

| hereby certify that thiS correspondence is bemg transmltted to the U.S. Patent and
Trademark Office (USPTO) via the USPTO electromc filing system (EFS-Web) on the
date shown above.

By: /Qﬂrvwvf W%

G/ James E. Walton

Transmittal
Attorney Docket No. 0837RF-H793-C
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The foregoing documents are being filed via the U.S. Patent and Trademark
Office's EFS-Web electronic filing system. No fees are deemed to be necessary; however,
the undersigned hereby authorizes the Commissioner to charge any fees that may be

required, or credit any overpayments, to Deposit Account No. 502806.

Respectfully submitted,

toflb/13 , £.
Ja E. Walton
Reg. No. 47,245
Law Offices of James E. Walton, P.L.L.C.
1169 N. Burleson Bivd., Suite 107-328
Burleson, Texas 76028

(817) 447-9955 (Voice)

(817) 447-9954 (Facsimile)
jim@waltonplic.com (Email)

Date

CUSTOMER NO. 38441

ATTORNEY FOR APPLICANTS

Transmittal
Attorney Docket No. 0837RF-H793-C
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PTO/SB/06 (09-11)

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

APPLICATION AS FILED — PART |

PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number Filing Date
Substitute for Form PTO-875 13/711,234 12/11/2012 | [ 7o be Mailed
eNTITY: [X] LARGE []smALL [ ] MicRO

AMENDMENT

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 Basic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
D SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
|:| EXAMINATION FEE
{37 CFR 1.16(0), (p), or (qQ)) N/A N/A N/A
TOTAL CLAIMS , N
(87 CFR 1.16(1)) minus 20 = X3 =
INDEPENDENT CLAIMS , N
(87 CFR 1.16(h) minus 3 = X3 =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
’(ASF;PC';;%U?(’:))S'ZE FEE for small entity) for each additional 50 sheets or
' fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
[] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
— 10/16/2013 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
5 AMENDMENT PAID FOR
S | [oalerem 20 Minus | = 20 -0 x $80 = 0
3 .
Independ .
= IS Minus | -3 -0 x 5420 - 0
<§t [] Application Size Fee (37 GFR 1.16(s))
|:| FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
AMENDMENT PAID FOR
Total (37 cFR . ; .
1.16(i)) Minus = X $ =
Independent . !
(272€§r11.1ee?(h)) Minus = X $ =

] Application Size Fee (37 GFR 1.16(s))

D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16()))

* If the entry in column 1 is less than the entry in column 2, write “0” in column 3.

** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”.
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

TOTAL ADD’L FEE

LIE
/Davina Butler/

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.
If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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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. |
13/711,234 12/11/2012 KEVIN THOMAS CHRISTENSEN 0837RF-H793-C 1159
38441 7590 07/17/2013 | EXAMINER |
LAW OFFICES OF JAMES E. WALTON, PLLC
1169 N. BURLESON BLVD. NGUYEN, TAN QUANG
SUITE 107-328 ART UNIT PAPER NUMBER
BURLESON, TX 76028 | | |
3661
| NOTIFICATION DATE | DELIVERY MODE |
07/17/2013 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):
JIIM@WALTONPLLC.COM
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Application No. Applicant(s)
13/711,234 CHRISTENSEN ET AL.

Office Action Summary Examiner Art Unit AIA (First Inventor to File)
TAN Q. NGUYEN 3661 N

-- 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 3MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, 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
)X Responsive to communication(s) filed on 11 December 2012.
[ 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)[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.
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) 1-20 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) 1-20is/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
hitp/hwww usplo gov/eatents/init_events/pph/indax.jsp or send an inquiry to PPHfesdback@uspio.qoy.

Application Papers
10)[] The specification is objected to by the Examiner.
11)[X] The drawing(s) filed on 11 December 2012 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)[] 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)[JSome* 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.
3.0 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.
Interim copies:
a)[] Al b)[JSome c¢)[JNone of the: Interim copies of the priority documents have been received.

Attachment(s})

1) & Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)

2) IX] Information Disclosure Statement(s) (PTO/SB/08 Paper No(s)Mail Date. __
) nformation Disclosure Statement(s) ( ) 4) D Other:

Paper No(s)/Mail Date 12/11/2012.

U.S. Patent and Trademark Office
PTOL-326 (Rev. 03-13) Office Action Summary Part of Paper No./Mail Date 20130711
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Application/Control Number: 13/711,234 Page 2
Art Unit: 3661

DETAIL ACTION
Notice to Applicant(s)
1. This application has been examined. Claims 1-20 are pending.
2. The prior art submitted on December 11, 2012 has been considered.

Claim Rejections - 35 USC § 102

3. The following is a quotation of the appropriate paragraphs of 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
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.

4. Claims 1-20 are rejected under 35 U.S.C. 102(e) as being anticipated by

Piasecki et al. (2010/0324758).

5. As per claim 1, Piasecki et al. disclose the claimed invention which includes at

least a lateral control architecture configured to control lateral motion of the aircraft (see

at least figure 5 item 74), and longitudinal control architecture configured to control

longitudinal motion of the aircraft (see at least figure 5, item 72), wherein the control

system utilizes the lateral control architecture and the longitudinal control architecture to
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Art Unit: 3661

control yaw movement of the aircraft while the aircraft maintains a constant vector
heading across a ground surface (see at least figures 5-7, 10, 11 and the related text).
6. As per claims 2-10, the limitations of these claims are shown in at least figures 5-
11 and the related text.

7. Claims 11-20 are method claims corresponding to apparatus claims 1-10.

Therefore, claims 11-20 are rejected for the same rationales set forth for claims 1-10.
Conclusion

8. All claims are rejected.
9. The following references are cited as being of general interest: Durno

(4,027,999), Shue et al. (2008/0097658) and Cherepinsky et al. (2008/0234881).

10.  Any inquiry concerning this communication or earlier communications from the
examiner should be directed to examiner Tan Q. Nguyen, whose telephone number is
(571) 272-6966. The examiner can normally be reached on Monday-Thursday from
6:30 AM-5:00 PM.

If attempts to reach the examiner by telephone are unsuccessful, the examiner's
supervisor, Thomas Black, can be reached on (571) 272-6956.

Any response to this action should be mailed to:

Commissioner of Patents and Trademarks
Washington, D.C. 20231

or faxed to the Official Fax Center: (571) 273-8300.

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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/TAN QUANG NGUYEN/
Primary Examiner
July 12,2013 Art Unit 3661
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Examiner Art Unit
TAN Q. NGUYEN 3661 Page 1 of 1
U.S. PATENT DOCUMENTS
* cOumr[y)ﬁéﬁiTm'ﬂimfé Code Mmtiitsyy Name Classification
* A | US-4,027,999 06-1977 Durno, Ronald Arthur 416/40
* B | US-2008/0097658 04-2008 Shue et al. 701/008
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U
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X

*A copy of this reference is not being furnished with this Office action. (See MPEP § 707.05(a).)
Dates in MM-YYYY format are publication dates. Classifications may be US or foreign.

U.S. Patent and Trademark Office
PTO-892 (Rev. 01-2001) Notice of References Cited Part of Paper No. 20130711
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( Not for submission under 37 CFR 1.99)

Art Unit ]
Examiner Name I
Attorney Docket Number ‘0837RF—H793—C

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

Examiner| Cite
Initials* |No

. International Search Report and the Whritlen Opinion of the International Searching Authority mailed by ISA/USA, U.S.
/TN 1 Patent and Trademark Office on 26 August 2011 for corresponding international Patent Application No. [l
PCT/US2011/030498, 7 pages.

TN/ 2 Notice of Allowance dated 2012-08-08 from counterpart US App. No. 13/391,522 [:|

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

EXAMINER SIGNATURE

Examiner Signature Tan Q. Nguyery Date Considered 07/01/2013

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

' See Kind Codes of USPTO Patent Documents at www.USPTO.GOV or MPEP 201.04. 2 Enter office that issued the document, by the two-letter code (WIPO
Standard ST.3). 2 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document.
4 Kind of document by the appropriate symbols as indicated on the document under WIPO Standard ST.16 if possible. ® Applicant is to piace a check mark here if
English language transiation is attached.

EFS Web 2.1.18
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Application Number

Filing Date
INFORMATION DISCLOSURE First Named Inventor ‘ KEVIN T. CHRISTENSEN
STATEMENT BY APPLICANT At Unit ’

( Not for submission under 37 CFR 1.99)

Examiner Name }

Attorney Docket Number ‘0837RF—H793-C

CERTIFICATION STATEMENT

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

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

OR

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

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

[] See attached certification statement.
[] Fee setforth in 37 CFR 1.17 (p) has been submitted herewith.

None

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

Signature /jamesewaltonpat/ Date (YYYY-MM-DD) 2.0)%~ 2|

Name/Print James E. Walton Registration Number 47 245

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

Application/Control No.

13/711,234

Applicant(s)/Patent under
Reexamination

CHRISTENSEN ET AL.

Examiner

Art Unit

TAN Q. NGUYEN 3661
v | Rejected - (Thr%i?ql;:#:jeral) n| Non-Elected A Appeal
=| Allowed = Restricted I | Interference (0] Objected
Claim Date Claim Date Claim Date
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18 | ¥ 638 118
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20 |V 70 120
21 71 121
22 72 122
23 73 123
24 74 124
25 75 125
26 76 126
27 77 127
28 78 128
29 79 129
30 80 130
31 81 131
32 82 132
33 83 133
34 84 134
35 85 135
36 86 136
37 87 137
38 88 138
39 89 139
40 90 140
41 91 141
42 92 142
43 93 143
44 94 144
45 95 145
46 96 146
47 97 147
48 98 148
49 99 149
50 100 150

U.S. Patent and Trademark Office
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13711234

PLUS Search Results for S/N 13711234, Searched Fri Jun 28 14:50:29 EDT 2013

The Patent Linguistics Utility System (PLUS) is a USPTO automated search system
for U.S. Patents from 1971 to the present PLUS is a query-by-example search system which
produces a list of patents that are most closely related linguistically to the application
searched. This search was prepared by the staff of the Scientific and Technical Information

Center, SIRA.

3554451 99
3555194 99
3557734 99
3557810 99
3557814 99
3561377 99
3561410 99
3562410 99
3562435 99
3562507 99
3562581 99
3562585 99
3564204 99
3564274 99
3564291 99
3564298 99
3566026 99
3566029 99
3566802 99
3566919 99
3570755 99
3575085 99
3577035 99
3583374 99
3589254 99
3589559 99
3589578 99
3589596 99
3590156 99
3607549 99
3621216 99
3621387 99
3622698 99
3624612 99
3625604 99
3650491 99
3670814 99
3690361 99
3702998 99
3773029 99
3776604 99
3795792 99
3818613 99
3822060 99
3822111 99
3838670 99
4059157 99
4085334 99
4213331 99

4293950 99
4349883 99
4509854 99
4611842 99
4970537 99
3554114 58
3554182 58
3554249 58
3554357 58
3554439 58
3554450 58
3555293 58
3555988 58
3556035 58
3556054 58
3556148 58
3556283 58
3556296 58
3556387 58
3556411 58
3556448 58
3556502 58
3556514 58
3556519 58
3557347 58
3557650 58
3557672 58
3557713 58
3557761 58
3557952 58
3558017 58
3558077 58
3558111 58
3558799 58
3558823 58
3558827 58
3558873 58
3558894 58
3558916 58
3559611 58
3559654 58
3559724 58
3559747 58
3559803 58
3559831 58
3559918 58
3559920 58
3559923 58
3559972 58
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/711,234
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 280
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A N/A 600
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 720
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 20 minus 20= OR |« 80 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 2 minus 3 = x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
13/711,234 12/11/2012 1400 0837RF-H793-C 20 2
CONFIRMATION NO. 1159
38441 UPDATED FILING RECEIPT
LAW OFFICES OF JAMES E. WALTON, PLLC
1169 N. BURLESON BLVD. IR OO O A
000000061873099

SUITE 107-328
BURLESON, TX 76028

Date Mailed: 06/18/2013

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

KEVIN THOMAS CHRISTENSEN, Plano, TX;

SHYHPYNG JACK SHUE, Grapevine, TX;

TROY SHELDON CAUDILL, Burleson, TX;
Applicant(s)

BELL HELICOPTER TEXTRON INC., Fort Worth, TX
Assignment For Published Patent Application

BELL HELICOPTER TEXTRON INC., Fort Worth, TX

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 13/391,522 02/21/2012 PAT 8332082
which is a 371 of PCT/US11/30498 03/30/2011

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Projected Publication Date: To Be Determined - pending completion of Security Review
Non-Publication Request: No

Early Publication Request: No
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Title
FLIGHT CONTROL LAWS FOR CONSTANT VECTOR FLAT TURNS

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications:
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
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the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

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 U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Attorney Docket No. 0837RF-H793-C
In Re Application of: Examiner: TO BE ASSIGNED
KEVIN THOMAS CHRISTENSEN, ET AL.
Serial No: 13/711,234 Art Unit: TO BE ASSIGNED
Filed: 11 DECEMBER 2012

For:  FLIGHT CONTROL LAWS FOR

§
§
§
§
§
§
§
;
CONSTANT VECTOR FLAT TURNS  §

Confirmation No. 1159

RESPONSE TO NOTICE TO FILE MISSING
PARTS OF NONPROVISIONAL APPLICATION

Filed via EFS-Web
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

Sir:
This Response is being filed in response to the Notice to File Missing Parts of the

Nonprovisional Application dated 9 April 2013, which provides for a two-month response

period ending 9 June 2013.

CERTIFICATE OF TRANSMISSION UNDER 37 C.F.R. § 1.8(a)(1)(i}(C)
Date of Transmission: 6/2//2

| hereby certify that this correspondence is being transmitted to the U.S. Patent
and Trademark Office (USPTO) via the USPTO electronic filing system (EFS-
Web) on the date shown above.

By. £,

James E. Waltovn

Response to Notice to File Missing Parts
Attorney Docket No. 0837RF-H793-C
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The Notice indicates that payment of the surcharge for the Oath or Declaration is
required. The Applicants hereby make payment via EFS-Web by designated credit card.

This Response is being filed via the U.S. Patent and Trademark Office's
EFS-Web electronic filing system. The surcharge is being paid via a designated credit
card. No other fees are deemed to be necessary; however, the undersigned hereby
authorizes the Commissioner to charge any fees which may be required, or credit any

overpayments, to Deposit Account No. 502806.

Respectfully submitted,

6113 Mo £ L1455

Date o7 Jépres E. Walton
Reg. No. 47,245
L.aw Offices of James E. Walton, P.L.L.C.
1169 N. Burleson Blvd., Suite 107-328
Burleson, Texas 76028
(817) 447-9955 (Voice)
(817) 447-9954 (Facsimile)
jim@waltonpllc.com

CUSTOMER NO. 38441

ATTORNEY FOR APPLICANTS

Response to Notice to File Missing Parts
Attorney Docket No. 0837RF-H793-C
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Electronic Patent Application Fee Transmittal

Application Number:

13711234

Filing Date:

11-Dec-2012

Title of Invention:

FLIGHT CONTROL LAWS FOR CONSTANT VECTOR FLAT TURNS

First Named Inventor/Applicant Name:

KEVIN THOMAS CHRISTENSEN

Filer:

James Edward Walton

Attorney Docket Number:

0837RF-H793-C

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Description Fee Code Quantity Amount Sullaj-s'l's(tsa)l in
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Late Filing Fee for Oath or Declaration 1051 1 140 140

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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o ) Sub-Total in
Description Fee Code Quantity Amount USD($)
Miscellaneous:
Total in USD ($) 140
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Electronic Acknowledgement Receipt

EFSID: 15980716
Application Number: 13711234
International Application Number:
Confirmation Number: 1159

Title of Invention:

FLIGHT CONTROL LAWS FOR CONSTANT VECTOR FLAT TURNS

First Named Inventor/Applicant Name:

KEVIN THOMAS CHRISTENSEN

Customer Number:

38441

Filer:

James Edward Walton

Filer Authorized By:

Attorney Docket Number:

0837RF-H793-C

Receipt Date: 07-JUN-2013
Filing Date: 11-DEC-2012
Time Stamp: 14:47:17

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Electronic Funds Transfer
Payment was successfully received in RAM $140
RAM confirmation Number 1150
Deposit Account
Authorized User
File Listing:
DI:cunl;ent Document Description File Name :;'Ie Slze(?))(tes)il: P Mtu/Itl- (-I:ages; )
umber age 50 af 181 essage Diges art /.zip| (ifappl.




171308
1 Response20130607.pdf yes 4
7915b4c01d566fc42e9da37f757622a468dy
8ed2
Multipart Description/PDF files in .zip description
Document Description Start End
Miscellaneous Incoming Letter 1 2
Applicant Response to Pre-Exam Formalities Notice 3 4
Warnings:
Information:
30126
2 Fee Worksheet (SB06) fee-info.pdf no 2
dc18d167¢213d6ce3f1d57e217129317fe0
ea8e
Warnings:
Information:
Total Files Size (in bytes); 201434

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Attorney Docket No. 0837RF-H793-C

In Re Application of: § Examiner. TO BE ASSIGNED
KEVIN THOMAS CHRISTENSEN, ET AL. g
Serial No: 13/711,234 g Art Unit.: TO BE ASSIGNED
Filed: 11 DECEMBER 2012 g
For: FLIGHT CONTROL LAWS FOR a g
CONSTANT VECTOR FLAT TURNS  § Confirmation No. 1159
TRANSMITTAL

Filed via EFS-Web
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

Sir:

Please file the following enclosed documents in the subject application:

1. This Transmittal with Certificate of Transmission; and
2. Response to Notice to File Missing Parts of Nonprovisional Application

CERTIFICATE OF TRANSMISSION UNDER 37 C.F.R. § 1.8(a)(1)(i)(C)

Date of Transmission: éé;lé 3 __

| hereby certify that this correspondence is being transmitted to the U.S. Patent
and Trademark Office (USPTO) via the USPTO electronic filing system (EFS-
Web) on the date shown above.

By: #ﬁmg Z. bk
James E. Walton

Transmittal
Attorney Docket No. 0837RF-H793-C
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The above-listed documents are being filed via the U.S. Patent and Trademark
Office's EFS-Web electronic Filing System. The filing fee is being paid via a designated
credit card. No other fees are deemed to be necessary; however, the undersigned hereby
authorizes the Commissioner to charge any fees which may be required, or credit any

overpayments, to Deposit Account No. 502806.

Respectfully submitted,

£/7/13 .
Date ’ Ja E. Walton

Reg. No. 47,245

Law Offices of James E. Walton, P.L.L.C.
1169 N. Burleson Blvd., Suite 107-328
Burleson, Texas 76028

(817) 447-9955 (Voice)

(817) 447-9954 (Facsimile)
jim@waltonplic.com

CUSTOMER NO. 38441

ATTORNEY FOR APPLICANTS

Transmittal
Attorney Docket No. 0837RF-H793-C
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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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION FILING or GRP ART
NUMBER 371(c) DATE UNIT FIL FEE RECD ATTY.DOCKET.NO TOT CLAIMS|IND CLAIMS
13/711,234 12/11/2012 1260 0837RF-H793-C 20 2
CONFIRMATION NO. 1159
38441 FILING RECEIPT
LAW OFFICES OF JAMES E. WALTON, PLLC
1169 N. BURLESON BLVD. LT
000000060320638

SUITE 107-328
BURLESON, TX 76028

Date Mailed: 04/09/2013

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

KEVIN THOMAS CHRISTENSEN, Plano, TX;

SHYHPYNG JACK SHUE, Grapevine, TX;

TROY SHELDON CAUDILL, Burleson, TX;
Applicant(s)

BELL HELICOPTER TEXTRON INC., Fort Worth, TX
Assignment For Published Patent Application

BELL HELICOPTER TEXTRON INC., Fort Worth, TX

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 13/391,522 02/21/2012 PAT 8332082
which is a 371 of PCT/US11/30498 03/30/2011

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Projected Publication Date: To Be Determined - pending completion of Security Review
Non-Publication Request: No

Early Publication Request: No
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Title
FLIGHT CONTROL LAWS FOR CONSTANT VECTOR FLAT TURNS

Preliminary Class

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications:
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
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the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

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 U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD

Application or Docket Number

Substitute for Form PTO-875 13/711,234
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 OFR 1.16(a), (5), or (6)) N/A N/A N/A N/A 280
SEARCH FEE
(37 GFR 1.18(K), @), or (m)} N/A N/A N/A N/A 600
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (@) N/A N/A N/A N/A 720
TOTAL CLAIMS ) *
(37 CFR 1.16(i)) 20 minus 20= OR |« 80 - 0.00
INDEPENDENT CLAIMS . *
(37 CFR 1.16(h)) 2 minus 3 = x 420 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0" in column 2. TOTAL TOTAL 1600
APPLICATION AS AMENDED - PART Il
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
i Total . i = =
s (37 CF% ?.16(i)) Minus = OR |« =
a Independent * Minus | *** =
E (37 CFR 1.16(h)) = OR |« =
<§( Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Column 1) {Column 2) {Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
1N} Total * Minus * = =
= (37 CF% ?.16(i)) OR |x =
% Independent * Minus | *** = = OR |x =
L (37 CFR 1.16(h))
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE

* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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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

PO. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
KEVIN THOMAS
13/711,234 12/11/2012 CHRISTENSEN 0837RF-H793-C

CONFIRMATION NO. 1159

38441 FORMALITIES LETTER

LAW OFFICES OF JAMES E. WALTON, PLLC

1169 N. BURLESON BLVD. IR AR

SUITE 107-328 000000060320639

BURLESON, TX 76028
Date Mailed: 04/09/2013

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
Items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing.

Applicant is given TWO MONTHS from the date of this Notice within which to file all required items below to avoid
abandonment. Extensions of time may be obtained by filing a petition accompanied by the extension fee under
the provisions of 37 CFR 1.136(a).

+ A surcharge (for late submission of the basic filing fee, search fee, examination fee or inventor's oath or
declaration) as set forth in 37 CFR 1.16(f) of $ 140 for an undiscounted entity, must be submitted.

SUMMARY OF FEES DUE:

Total fee(s) required within TWO MONTHS from the date of this Notice is $ 140 for an undiscounted entity
+ $ 140 Surcharge.
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Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserlL ocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/bmnguyen/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101
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PTO/AIA/D (08-12)

Approved for use through 01/31/2014, OMB 0651-0032

U.S. Patent and Tradernark 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.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of
Invention | Flight Control Laws for Constant Vector Flat Turns

As the below named inventor, | hereby declare that:

This declaration —
is directed to- D The attached application, or

United States application or PCT international application number 13/711,234

11 December 2012

filed on

The above-identified application was made or authorized to be made by me.

I believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

v

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

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.  —

LEGAL NAME OF INVENTOR

Inventor: Shyhpyng Ja% Date (Optional) . me 3 14‘) .').'0{ 5

Signature:

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/01 form for each addit}ifonal inventor.

This collection of information is“required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is fo file (and
by the USPTO to process) arapplication. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute 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.0. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/AIAG (06-12)

Approved for use through 61/31/2014. OMB 0851-0032

. U.S. Patent and Trademark Office; U.S8. 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 contrel number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of
Invention | Flight Control Laws for Constant Vector Flat Turns

As the below named inventor, | hereby declare that:

This declaration A
is directed to: D The attached application, or

13/711,234

[i] United States application or PCT international application number
fled on 11 December 2012

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in_this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not mare than five (5) years, or both,

WARNING:

Petitioner/applicant is cautioned to avoid submiiting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as sotial security numbers, bank account numbers, or credit card numbers
(other than a check or credit card authorization form PT0-2038 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 fo the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitionerfapplicant 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. Furthemmore, 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.

LEGAL NAME OF INVENTOR

q Chriet 5
Inventor: Kevin Thomas Christensen Date (Optional) | f//?l//rg
e /
Signature: jﬁjg)—n}. / JM‘&:—

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/G1 form for each additional inventor,

This collection of information is required by 35 L.8.C. 115 and 37 CFR 1.63. The information is requirad o obtain or relain a benefit by the public which is fo 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 1 minute (o
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 Ghief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.Q. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-91389 and selsct option 2.
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Electronic Acknowledgement Receipt

EFSID: 14857884
Application Number: 13711234
International Application Number:
Confirmation Number: 1159

Title of Invention:

FLIGHT CONTROL LAWS FOR CONSTANT VECTOR FLAT TURNS

First Named Inventor/Applicant Name:

KEVIN THOMAS CHRISTENSEN

Customer Number:

38441

Filer:

James Edward Walton

Filer Authorized By:

Attorney Docket Number:

0837RF-H793-C

Receipt Date: 01-FEB-2013
Filing Date:
Time Stamp: 17:19:45

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
433201
1 Declarations20130201.pdf yes 5
676d8acff88bd5c0695b459cc68ectbbadal
66b9
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Multipart Description/PDF files in .zip description
Document Description Start End
Miscellaneous Incoming Letter 1 2
Oath or Declaration filed 3 3
Oath or Declaration filed 4 4
Oath or Declaration filed 5 5
Warnings:
Information:
Total Files Size (in bytes); 433201

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
Attorney Docket No. 0837RF-H793-C
In Re Application of: Examiner: TO BE ASSIGNED

KEVIN THOMAS CHRISTENSEN, ET AL.

Filed: 11 DECEMBER 2012

For:  FLIGHT CONTROL LAWS FOR

§
§
§
§
Serial No: 13/711,234 § ArtUnitt TO BE ASSIGNED
§
§
§
§
CONSTANT VECTOR FLAT TURNS  §

Confirmation No. 1159

TRANSMITTAL

Filed via EFS-WEB
Commissioner for Patents

P.O. Box 1450

Alexandria, Virginia 22313-1450

Sir:
Please file the following enclosed documents in the subject application:

1. This Transmittal with Certificate of Transmission; and
2. Declaration executed by the inventors, form PTO/AIA/01a.

CERTIFICATE OF TRANSMISSION UNDER 37 C.F.R. § 1.8(a)(1)(i)}(C)
Date of Transmission: 2/1//3

| hereby certify that this correspondence is being transmitted to the U.S. Patent and
Trademark Office (USPTO) via the USPTO electronic filing system (EFS-Web) on
the date shown above.

By: Wf%

James E. Walton

Transmittal
Attorney Docket No. 0837RF-H793-C
Page 1
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Please file the above-listed documents in the subject application. The documents
are being filed via the U.S. Patent and Trademark Office's EFS-Web electronic filing
system. No fees are deemed to be necessary; however, the undersigned hereby
authorizes the Commissioner to charge any additional fees that may be required, or credit

any overpayments, to Deposit Account No. 502806.

Respectfully submitted,

E lhs

Registration No. 47,245

Law Offices of James E. Walton, P.L.L.C.
1169 N. Burleson Blvd., Suite 107-328
Burleson, Texas 76028

(817) 447-9955 (Voice)

(817) 447-9954 (Facsimile)
jim@waltonpllic.com (Email)

zZh /3

Date

CUSTOMER NO. 38441

ATTORNEY FOR APPLICANTS

Transmittal
Attorney Docket No. 0837RF-H793-C
Page 2
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PTOIAIANGT{08-12)

Approved for use through 01/31/2014. OMB 0651-0032

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

Under the Paperwork Reduction Act of 1995, no persons are reguired {0 respond to a collection of information unless it displays a valid OMB control number,

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of
Invention | Flight Control Laws for Constant Vector Flat Turns

As the below named inventor, | hereby declare that:

This declaration it
is directed to: D The attached application, or

13/711,234

@ United States application or PCT international application number
fled on 11 December 2012

The above-identified application was made or authorized {o be made by me.

! believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

I hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.8,C. 1001
by fine or imprisonment of not more than five (5) years, or both.

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 PTQ-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 {o the
USPTO. Petitiones/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 &
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
PT(0-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

inventor: Tmy Sheldon Caudill Date {Optional) :

Signaiure:dnﬁﬁ;ﬁg. (\(’?’ i UM?

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity. must accompany this form or must have
been previously filed. Use an additional PTO/AIA/1 form for each additional inventar.

This coflection of infarmation is required by 35 US.C. 115 and 37 CFR 1.63. The inforrmation 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.8.C. 122 and 37 CFR 1.11 and 1,14. This collection is esfimated 1o take 1 minute to
complete, including gathering, preparing, and submitfing the completed application form to the USPTO. Time will vary depending upon the individual case. Ary
comments on the amount of time you require 1o complete this form andior suggestions for reducing this burden, should be sent to the Chiaf information Officer, U.S.
Patent and Trademark Office, U.8. Department of Commerce, P.0O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

# you need assistance in completing the form, calf 1-800-PTQ-9199 and select option 2.
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PTO/AIA/01 (06-12)

Approved for use through 01/31/2014. OMB 0651-0032

U.S8. Patent and Trademark Office; U.S. PEFARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

Title of
Invention | Flight Control Laws for Constant Vector Flat Turns

As the below named inventor, | hereby declare that:

This declaration it
is directed to: E The attached application, or

D United States application or PCT international application number

filed on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor or an original joint inventor of a claimed invention in the application.

| hereby acknowledge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

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
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FLIGHT CONTROL SYSTEM HAVING A THREE CONTROL LOOP DESIGN

Technical Field

The presént invention relates generally to the field of flight control systems for
manned and unmanned aircraft and specifically to systems configured for robustly

improving flight performance.

Description of the Prior Art

Control of an unstable aircraft flight system, such as a helicopter, has proven
to be very challenging using classic feedback control laws. One method for
controlling a helicopter employs purely classic feedback control laws, and this
method requires a significant amount of flight testing to adjust individual gains to
ensure the system's stabitity. In addition, flight quality depends upon adjustment of
these gains and the natural design of the helicopter. Improvement of the system
performances and maneuvers are limited, and robustness of the flight control system
may not be considered in this method. ‘

Another method is classic feedback with optimal gain search. For this
method, the individual optimal search algorithm needs to be manually computed to
be added into the system. When the flight performance is not as desired, changing
these gains takes time, which may delay flight testing and increase engineering
hours. The improved performance for this method is also limited, and robustness of

the system is not guaranteed in this method.

It should be noted that by stabilizing the whole system, the designer needs to
introduce many error corrections and gain-scheduling techniques. However, while
trying to stabilize the system and also guide the aircraft in all maneuvers, the classic
feedback control laws may need to fine tune all gains so that the control laws can
complete their objectives. This method does not lead to the development of

sufficiently robust control laws.

Summary of the Invention
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There is a need for a flight control system that provides for an improved
flight control system having a three control loop design.

Therefore, it is an object of the present invention to provide a flight control
system that provides for an improved flight control system having a three

control loop design.

A flight control system is configured for controlling the flight of an aircraft utilizing
a three control loop design to robustly increase system perforrnance. An inner loop
comprises an improved linear quadratic regulator (LQR) search method, and an
outer loop comprises a classic feedback summary gain design. A third loop
comprises a steady state trim search method.

The present invention includes significant benefits and advantages,
including: (1) increasing handling qualities and performance for piloted
aircrafts; (2) increasing robustness for unmanned aircrafts; (3) reducing flight
test time; (4) reducing flight control law development time; (5) providing for
easily applied intelligent portion for unmanned control; (6) providing for the
system to be easily understood and implemented by engineers; and (7) using
all advantages from classic feedback and modern control methods and

eliminating their disadvantages.

Brief Description of the Drawings

For a more complete understanding of the present invention, including its
features and advantages, reference is how made to the detailed description of the
invention taken in conjunction with the accompanying drawings in which like
numerals identify like parts, and in which:

FIG. 1 is a schematic view of a flight control system according to the present

invention;

FIG. 2 is a schematic view showing block diagrams of portions of the system

of Figure 1;
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FIG. 3 is a graph showing aircraft states plotted against airspeed for a system
using a LQR method;

FIG. 4 is a graph showing aircraft states plotted against airspeed for a system
according to the present invention;

FIG. 5 is a flow chart showing the LQR method according to the present
invention;

FIG. 6 is a graph showing the location of closed loop eigenvalues for
longitudinal motions for different airspeeds;

FIG. 7 is a schematic view of the pitching angle steady state trim control law

according to the present invention;

FIG. 8 is a graph showing aircraft states plotted against airspeed for a system
according to the present invention, the graph showing the enlarged stability from use

fo the trim search method;
FIG. 9 is a schematic view of a portion of the system of Figure 1;
FIG. 10 is a schematic view of a portion of the system of Figure 1;
FIG. 11 is a schematic view of a portion of the system of Figure 1;

FIG. 12 is a plot showing an example of a square flight path used in
simulations using the system according to the present invention; and

FIGS. 13 through 16 are plots showing the simulated flight of an aircraft using
the system according to the present invention and following the flight path of Figure
12. l

Description of the Preferred Embodiment

The present invention is directed to a three control loop flight control system
configured for automatically controlling the flight of an aircraft. One purpose of the
present invention is to make an open-loop unstable aircraft system stable by: (1)

making the system stable first; (2) allowing the aircraft to be capably guided to any
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waypoint with any required airspeed; and (3) allowing the aircraft to save control

effort for possible maneuvers.

The three control loop design of the present invention will robustly enlarge the
stability of the aircraft control laws. Instead of using classic feedback control law, the
present invention enhances the system by: (1) leaving the strongest portion of
classic feedback control system; and (2) introducing two other control laws to handle
the natural weakness of classic feedback control law. The present invention saves
flight test periods and shortens the time required to design control laws. Use of the
three control loops has been as capable of making unstable aircraft to be not only
stabilized but also guided and navigated, whereas the pure classic feedback control
laws cannot even stabilize the system.

The present invention applies three control techniques to stabilize, guide, and
navigate the aircraft at the same time. All control techniques are pre-programmed.
In this way, the present invention reduces gain search and adjustment efforts from
development to flight test. In additibn, the invention ensures the aircraft will have the
best performance and handling quality by satisfying eigenvalue and damping ratic
criterion, as well as eigenvalue and eigenvector bound per fast and slow frequency.
The maneuverable relationship between lateral, longitudinal, and control power are
extremely improved. The control effort for standard simple maneuvers is essentially

reduced through the use of a steady state trim search control loop.

Aircraft control, guidance, and navigation are implemented by a group of
linear models, which are computed from aerodynamic analysis. The aerodynamic
analysis input is generated from wind tunnel data with computational fluid dynamics -
information. The linear models generated have been shown to provide the closest
agreement between the flight test and real time simulation. Therefore, as the design
concept has been shown to be fully controllable with very good maneuvers in the
simulation, it can be employed to guide the helicopter to anywhere at any speed and
at any altitude. In order to improve flight maneuvers and performance and increase
robustness of the system from technical experience, classic flight control laws are re-

designed and divided into three portions.
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Referring to the figures, Figure 1 is a schematic view of one embodiment of
the flight control system according to the invention. System 11 comprises three
loops: inner loop 13; outer loop 15; and steady state trim loop 17.

Inner loop 13 is introduced from optimal modern control concept with best
phase margin and gain margin concept to achieve stabilization of the system. To
accomplish the best phase margin and gain margin design, an algorithm based on
eigenvalue, eigenvector, and damping ratio from time domain approach is employed.

Outer loop 15 is inherited from the classic feedback control laws. This portion
is improved through a summary gain design, wherein instead of adjusting individual
gains, the summary gain desigri is employed to shorten gain selection. The main
purpose of this outer loop is to guide the helicopter to desired yaw angle, roll angle,

airspeed, and altitude.

Steady state trim loop 17 is used to automatically search for the best trim
conditions at any flight conditions in order to save conirol effort for other flight
maneuvers. Steady state trim search control law design is employed in steady state

trim loop 17 to find the best flight condition under any one of the following objectives:

(1) altitude rate, k to be close to zero for level flight or a constant value for steady

state climbing; (2) roll rate, p, to be close to zero for level flight or a constant value

for level turn in higher airspeed; and (3) yaw rate, », to be close to zero for level
flight or a constant value for level turn in lower airspeed. Therefore, the flight control
laws will automatically catch the trim flight, such as: steady state level flight; steady
state coordinate turn; steady state climbing while airspeed is fixed; and steady state
increasing airspeed while altitude is held. By utilizing the present invention, the
system will always fly close to its trim condition. When control effort required for

steady state trim is minimized, the remaining control authority allows the aircraft to fly

more difficult maneuvers.

Definition of Simulation Block Diagrams

Names and explanations of individual block diagram used in the simulation of
the system of the invention are shown in Figure 2 and tabulated in Table | below.
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Each block diagram may contain more than one control, guidance, or navigation
logic element.

TABLE I: Block Diagram definition

No Block Name Purpose
1 AircraftSS Aircraft State Space equation of motion from
analysis
2 Sensors_Jack Aircraft six degree of freedom nonlinear

equations of motion.

3 Climb_Formula Computing the helicopter velocity U from u, v,
and w. Use U to generate angle of attack, «a,

and climb angle, y, from pitch angle, 6.

4 Actuators There are four actuator dynamic functions in
this diagram. They are Pedal, Lateral,
Longitudinal, and Collective actuators. All

actuators are with their limiter.

5 Control_Switch This diagram ié used to manually switch
several modes. This diagram is like switch

panels on a remote cockpit station.

6 Display This diagram is employed to display all
internal state variables used for the
simulation.

7 NavSensors NavSensor is similar to aircraft’'s Flight

Management System (FMS). FMS contains
three portions: Flight Plan, VNAYV, and
Waypoint NAV.

8 RolISCAS RolISCAS guidance system

9 RollAttd Roll Attitude Hold function
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10

RoliHdgHold

Heading Hold while rolling

11

HdgSelect

This block is to compute the heading from
desired input so that the helicopter will fly to
the desired heading during higher airspeeds.

12

TurnCoord

This block is to maintain steady state turn at
airspeeds higher than 45 knots

13

RollQuter

To determine where the roll command
feedback is coming from.

14

Feedback_Lat

LQR control feedback for stabilizing lateral
control input

15

PitchSCAS

Pitch moment command for guidance purpose

16

PitchATTD

Several gains need to be adjusted correctly so
that the PitchATTD will be held. These gains
are: Q_gain, T_q_gain, T_gain, T_fdbk_gain,

T_counter_Gain, Turn_Coord_qg_gain.

17

Speed

Several gains need to be adjusted correcily so
that the Speed will be held. These gains are:
Spd_Ax_gain, Spd_udot_gain,
Spd_TAS_gain, Spd_Counter_Gain,
SPD_Sum_Gain, SPD_slew_Gain.

18

AltitudeVSs

Several gains need to be adjusted correctly so
that the Altitude_VS will be held. These gains
are: Alt_q_gain, Alt_T_gain, Alt_Nz_gain,
Alt_slew_Gain, Alt_slew_Gain1,
Alt_Sum_Gain, Alt_Pitch_VS_Gain,
Coll_Cmnd_VS_Gain.

19

AltitudeSel

This block is used to generate Alt_Track and

Alt_Capture Boolean command for ensuring
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that Altitude in under tracking within + 20 feet.
These values are determined by two

constants in the block.

20

PitchOuter

This block is to determine whether the system
pitch moment shall come from Hover or
Pitch_VS or Pitch_Long.

21

Feedback_lLong

LQR is used to generate the necessary
Longitudinal feedback gain to stabilize
Long_motion so that the guidance system wiill
focus on its own rule and not on the system

stabilization.

22

YawSCAS

This block is used to determine whether the
YawSCAS shall get the necessary control
calculation from Yaw-Ped (Iow‘speed) or from
Roll cmnd (High speed).

23

YawOuter

A

This block is used to make helicopter turns at
low speed. The following gains need to be
adjusted correctly: Psi_Ay_gain, Psi_r_gain,
Psi_r_sum_gain, Psi_CRS_gain, Psi_R_TF,
Psi_Ay_TF,

24

CollCuter

Used to determine if the collective shall
provide its control for hover or speed or Alt.
There is one gain from Coll_TF, which can be
used to adjust the force produced from

coll_controller.

25

Hover

This block is used to determine x, y, and z

distance for hover condition.

26

Modelogic

Used to determine which mode shall be on
and off with all aircraft conditions.
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27 Navigation This block is used to make helicopter turn.
28 Interactive_Cont Used like remote control stick to make

helicopter to go to the desire heading,
airspeed, and altitude. Turn on/off manual
switches to make helicopter to go the desired

values.

29 Delta_H_Function Used to compute the difference from u, v, and
w for future function.

30 Theta_Guidance Used to ensure Theta will go to the steady
state value by LQR method.

31 Ay_Guidance Used to ensure Theta will go to the steady
state value by LQR method.

32 Phi_Guidance Used to ensure Theta will go to the steady

state value by LQR method.

33 Psi_Guidance Used to ensure Theta will go to the steady
state value by LQR method.
34 w_Guidance Used to ensure Theta will go o the steady

state value by LQR method.

35 ss_Selection Fdbk Uses gain schedule theory to provide the
steady state trim values for all guidance
blocks. Because of this design, the system
will eaéily reach its steady state values while
keeping the control effort to minimum.

Block diagrams (1) - (7) model basic aircraft systems, which are well known in
the art.
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Block diagrams (8) — (13), (15) — (20), and (22) — (24) are designed based on
classic feedback laws. These diagrams are to work as helicopter guidance systems.

Block diagrams (14) and (21) are developed from Linear Quadratic Regulator
(LQR). While developing LQR control laws for inner loop system, decoupling of
longitudinal and lateral functions is applied. In addition, separation of control laws
with gain-scheduling control per true airspeed for LQR to actuators is also

implemented.

Block diagrams of (6) and (25) - (27) are the intelligent portion of the system
with avionics flight management system (FMS) for waypoint selection and

navigation.

Block diagram (28) is worked as a remote flight control panel. It will allow
remote pilots to input flight information, and the combination of this diagram with

Display diagram (6) will form a remote ground station display system.

Block diagrams of (29) — (35) are for Steady State Trim Search Loop 17
(Figure 1). These diagrams are generated based on LQR model matching

technology to search for the best steady state trim values in any flight conditions.
Inner Loop Stability Analysis and Control

Open loop eigenvalues of aircraft are often unstable. In order to avoid
repeatedly adjusting all gains to make all open loop systems stable, a LQR
technique is employed to achieve this goal quickly. However, there are several
techniques also being employed to simplify the process of finding good control gains
for the system so that the model can be stable on the bigger nonlinear stable
domain. As shown in Figure 3, LQR will allow the nonlinear helicopter system to be
stable in, for example, small regions 19, 21, 23 immediately from its open loop

unstable system.

In order to enlarge aircraft stability from a small region to a belt type of plane,
full model decoupling, separation of control laws, and gain scheduling technique are
applied, so that the stability of the system will be expanded. For example, Figure 4

shows expanded stability region 25.
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The sequence process and computation methods to expand the stability
region are represented by the flow chart depicted in Figure 5. Block 27 represents
the linear models derived from aerodynamics analysis and wind tunnel data, and
block 29 shows the separation of control laws into flow paths for longitudinal and
lateral component. The longitudinal motion input, represented by block 31, passes
to longitudinal LQR block 33 and then to gain scheduling block 35. Likewise, the
lateral motion input, represented by block 37, passes to lateral LQR block 39 and
then to gain scheduling block 41. The outputs from each of these patﬁs are then

regrouped in block 43.
Decoupling Full Model

A linear model of aircraft can be obtained from aerodynamics data, and a
group of linear models can be developed based on its airspeed. These linear

models can be represented as follows:

X=AX+BU
Y=C,X

where £=0,1, 2---,0rj (1)

where X is the state variables, (u, v, w, 6, v, p, q, n’, U is control vector,

s ,8 .8 ,8 ), Yis performance output vector, (X, u, v, w, p, q, 7, A A
ped long lat coll q x b4

N, )" A,, 4, A, are the state matrices with k = 0 for hover, k = 1 for 10 knots and k

= 2 for 20 knots, respectively. Total model, j, selected for computation depends on

the maximum airspeed of aircraft. B,, B,, B, are the control matrices, and
C,s ‘Cl, C, are the performance output matrices. Please note that dimension of
(4,, 4,, 4,) is 8x8, dimension of (B, B,, B,) is 8x4, and dimension of (C, C,, C,)

is 17x8. Since these matrices are large and contain coupling terms of lateral and
longitudinal motions within these matrices, it is difficult to determine the best
performance LQR control gains for all at the same time. In order to overcome these
issues, the full model in equation (1) is decoupled first. After decoupling lateral and
longitudinal equations of motion, equation (1) can be transformed to

Lateral equation of motion:
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lat _ 4lat yrlat lat g 1 lat
X" = A" X" + BoU

5 ot it where £=0,1, 2---,orj (2)
Ya =deXa

Longitudinal equation of motion:

X'&mg = A;;ong Xlong + BliongUloug

Yhmg _ ClangXlong Where k = O’ 1) 2.-- , Or j (3)
B

where X™ is (v, ¢ p, 1)}, X is (u, w, 6, q)', U is (5,,.5,,), and U™ s

(Oppg 16,0) - 4" and 4 are 4x4 matrices, B, and B are 4x2 matrices, and

long ? k k

C” and C* are simplified to be 4x4 and 4x4 matrices, respectively. This implies

that only state variables are employed to provide LQR full state feedback control
laws.

After the full aircraft model (1) is decoupled to lateral (2) and longitudinal (3)
motions, the effect of coupling terms between lateral and longitudinal motions can be

reduced to minimum, while applying LQR to stabilize the system.
Improved Linear Quadratic Regulator (LQR)

Linear quadratic regulator (LQR), also known as optimal control law, has
attracted plenty of attention in the aircraft industry since it was used on the General
Dynamics/Lockheed Martin F-16 as its major feedback control system. The
objective of LQR state regulation is to drive any initial condition errors to zero, thus it
guarantees the stability of the system. To achieve this goal, the lateral and
longitudinal control inputs, U and U"™, generated from (2) and (3), apply state
feedback control laws as follows

f Ul'at‘ = _Klatle (4)
{

Ulong =-K long Xlong (5)

to minimize lateral and longitudinal cost functions or performance indexes of the type

min{'jlat - %j:(X[atTQ{MX!M n ULa:TRfatUlaf )df} (4)
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< on lgw o, lon, o, o,
mm{J; : :.5.[0 (Xl gTQIongX! y +UL gTRloﬂgUl g)dt} (5)

where state weighting matrices (Q,, and Q,, ) are symmetric positive semi-definite
and control weighting matrices (R, and R,.) are positive definite with matched

dimensions for state variables and control inputs.
It is very important to select a good performance criterion that will provide
good stability and time responses for all control gains simultaneously. The following

steps are experienced and summarized to find these best performance indexes for

aircraft inner loop optimal state feedback,control laws:

a) Initially set (Q,, and O, ) to be very small positively diagonal values
b) Set (R, and R, ) to be identity matrices
c) Adjust (Q,, and O, ) only and leave (R, and R, ) to be identity

d) Set the weighting coefficients related to its angular rate or speed states to be
a multiple of 10 times its angles or distance states; for example,

q,=10-¢q, and g, = IO-qw, where q is local weighting coefficient

e) After rules of (d) are set, multiply a constant positive value for weighting

matrices to adjust all coefficients at one time

f) Check eigenvalues of closed loop\and open loop systems and ensure

individual eigenvalue shift is not too large

g) After all eigenvalues are close to the desired values, fine-tune the individual

weighting coefficients to make improve performance

With the above weighting selection rules, the optimal control gain generated from
these weighting matrices will make the system stable for individual airspeeds, as
shown in Figure 3. Therefore, the optimal state feedback control gains from the

weighting matrices (Q,, and ng) and (R, and Rhmg) can be determined as
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la, -1 T
K" = —RlatBlar‘P!a: (6)
K[ong — _R~1 BT P (7) .

fong ™ long ™ long

where (F,, and B ) are symmetric positive definite and satisfy the following

algebraic Riccati equations (ARE)

tatT lat lat 1 plat?
4 P!at + ‘PMA +0Qu — Pz‘atB RlatB Plaz =0 (8)
long T long _ long -1 fong T .
A Px‘ong + I:)IongA + Qlong }DlowgB leng JPt'tmg =0 (9)

with the following constraints

i) 4™, B"Y and (4 , B”") are stabilizable

i)y (4™, Q%) and (4", O)) are detectable

lat long

biii) (Q,, and kag) are symmetric positive semi-definite and (R, and R,mg) are

symmetric positive definite

Note that individual eigenvalues of the linear system from the above process can be
shifted to the certain specific region. For example, Figure 6 shows all eigenvalues
locations for airspeed on hover, 40 knots, 80 knots and 120 knots for longitudinal
motion. This figure clearly shows that eigénvalues of all four different linear modeis
are moved (to very close regions 45, 47. Therefore, the guidance system used to
direct the aircraft to any altitude, airspeed, and direction will not need to be gain

scheduling.
Separation of Feedback Controls

In order to save control effort while stabilizing the system, separation of
control laws is applied. The first control law is called “inner loop control” which
applies LQR to stabilize the open-loop system as described above. After LOR state
feedback control inputs for lateral and longitudinal motions are developed, these
control inputs are fed back thru Actuator diagram (4). Instead of adding the whole
vector by LQR method, the controls are separated per their feedback targets. For
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example, (U, U”) are for yaw and lateral controller, respectively, and

(U, U™®) are for longitudinal and collective controller, respectively. These

controllers (U,*, U;*) and (U™, U,™) are a portion of its total control. Total

actuator shown in Actuator diagram (4) not only allows the system conirol from LQR,
but also classic feedback guidance conirol and the steady state search method.
Separation of total individual control can be divided into four or five portions as

shown in Table il.

TABLE ll: Separation of control

Controller Motion | Control Name Purpose
Yaw Control Ulat_Ped LQR stabilization
Yaw_Act_Cmnd Classic guidance system

Psi_Cmnd_Ped Steady state trim search for v

Pedal_Trim Initial trim pedal value
Roll Control ULat_Lat L.QR stabilization
Roll_Act_Cmnd Classic guidance system

Phi_Cmnd_Ped Steady state trim search for ¢

v_Cmnd_Lat steady state trim search for v
Lateral_Trim Initial trim lateral value
Longitudinal ULong_Long LQR stabilization

Control

Pitch_Act_Cmnd Classic guidance system

Theta_Cmnd_Long | Steady state trim search for 8

w_Cmnd_Ped Steady state trim search for w
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Long_Trim Initial trim longitudinal value

Collective Control Ulong_Coll LQR stabilization
Coll_Act_Cmnd Classic guidance system

Theta_Cmnd_Long | steady state trim search for 6

z_Cmnd_Long Steady state trim search for z

Coll_Trim Initial trim collective value

With this separation of control inputs, each controller has its own objectives. Aircraft

control is simplified and special maneuvers are now possible.
Algorithm of LQR Gain Scheduling Values

Stabilization and guidance of fixed wing aircraft or helicopters just using one
feedback is difficult at best and may take a significant amount of time to find a proper
feedback gain that can control the system within a small region. To avoid searching
the right gains per phase margins and gain margin from classic feedback control
laws, gain schedule method calculated from LQR is applied to save this effort. It is
shown that the feedback gains generated from LQR always provide the best
performance because it minimizes an energy cost function. In addition, all
eigenvalues will be shifted to the desired region, and the guidance law gain
scheduling can be avoided. Plotting various eigenvalues, eigenvectors, and
damping ratios with respect {o their various airspeeds will allow the designers to find

a stable belt region in the global region for the system.

In order to complete this kind of task, the system needs to be divided into
several segments. In this application, the open loop system is separated into several
segmentis per airspeeds at hover, 10 knots, 20 knots, etc. LQR control gains
generated from these airspeeds can be specified per formulations from the Improved
LQR discussion above. In order to ensure all gain schedule values of the closed
loop eigenvalues generated from these LQR methods will ‘be within the best stable

and performance region, eigenvalues, eigenvectors, and damping ratios of all three
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LQR closed loop systems are employed to complete this evaluation and
investigation. The following algorithm is employed to complete this search:
a) Obtain LQR feedback for airspeed = 0, 10 and 20 knots, etc.

b) Compute eigenvalues, eigenvectors and damping ratios of closed loop
systems from Step a) for all cases.

¢) Check eigenvalues, and ensure they are all stable.

d) Check open loop eigenvalues and closed loop eigenvalues, and ensure that
the closed loop eigenvalues did not be move too far away from their open

loop eigenvalues.

e) Check eigenvectors, and ensure the directions of all three are the same
direction and within a tolerance, A. The formulation of this tolerance will be

discussed in equation (10) below.

f) Check all damping ratios, and ensure they are all damping ratios greater than
0.5.

g) If Steps a) thru f) are satisfied, stop and set these feedbacks as gain schedule
values, which will provide the system is not only stable but also has very good
performance.

h) If Steps a) thru f) are not satisfied, adjust LQR weighting matrices until Steps
a) thru f) are satisfied.

The eigenvector tolerance, A, shown in Step e) is formulated as
Ao =|Fo v = -1 (10)

where v, and v, are related individual eigenvectors from airspeed at hover and 10
knots, 4, and 4, are its eigenvalues, and constant value, x, depends on fast mode
or slow mode of the system. For fast eigenvalues, since absolute eigenvalues of fast

mode are much larger than that of the slow mode, « is set to be 0.2 “}t f“ and «x is

set to be 0.5 “/‘LSR for the slow mode. With these settings, the changes of
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eigenvector and eigenvalue set will be limited within the desired paths and values.
Therefore, these eigenvectors and eigenvalues can be used for gain scheduling fo

keep the aircraft flight within desired performance.
Steady State Trim Search and Control Laws

In order to save control effort for the system, the second loop, steady state

trim search control laws, is applied.

It is assumed that in the state space nonlinear region, there is a set of steady
state values, which will make the system to have

1) Altitude rate, h close to zero for level flight or a constant value for steady

state climbing.

2) Roll rate, p, close to zero for level flight or a constant value for level turn

in higher airspeed.

3) Yaw rate, r, close to zero for level flight or a constant value for level turn

in lower airspeed.

The objective of steady state trim search control laws is to find a set of feedback
controllers such that the aircraft will follow the steady state trim values to

automatically catch the trim flight. For example:
e Steady state level flight
s Steady state coordinated turn
e Steady state climbing while airspeed is fixed
e Steady state increasing airspeed while altitude is held.

If the aircraft satisfies this kind of trim flight, the control after each guidance function
or during the guidance function will always follow the steady state frim value flight.
This implies that the system will save its control efforts during the above flights, since
the system does not need to waste any control effort to hold extra forces or moments

for altitude, airspeed, or angle of attack, or roll angle, or side slip angle, etc.
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In order to achieve the above goals, a LQR model technique with command
generator method is applied. However, instead of using a differential equation as
command generator, the steady state trim value with its initial trim condition is
employed as the command generator in the invention. The difference between
current flight state, steady state trim value and initial trim condition is set to be the
tracking error, which is minimized or reduced to zero while in the steady state

condition.

Figure 7 illusirates the pitching angle steady state trim control law. The
original initial trim condition is @, the desired steady state trim value from
aerodynamic analysis is 8ss, and the total pitching angle error per time step in the
system will be ., Note that the system disturbance rejection design is also
included in this diagram, denoted as ds. A feedback command generator is used to

provide the necessary control effort to move initial trim to steady state trim.

It is denoted that all initial trim values are evaluated for trim search control
technique. These steady state trim values are transferred to a gain schedule table

based on various airspeeds, and an example table is shown in Table Il

TABLE lil: Example helicopter trim table

State | Airspeed | Value V Feedback Controller

v Hover 0 Roll actuator

40 Knots | -0.0690

80 Knots | -0.1970 ~
w Hover 0 Collective actuator and pitch
actuator

40 Knots | 2.170

80 Knois | 5.425

0 Hover 1.56830 Collective actuator and pitch

actuator
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46 Knots | 1.7130
80 Knots | 2.3040
¢ | Hover -3.3630 Roll actuator
40 Knots | -1.9460
80 Knots | -2.0760
v | Hover 0 Yaw actuator
40 Knots | 0
80 Knots | O

To make the system performance follow steady state reference, the tracking error

will satisfy:
€q =(ess +e_60)+de (10)

When transfer function of (11) applies for command generator, the modified tracking

error equation will be transformed to
ge =&, —Hg (11)

where g, is the modified tracking error with respect to pitching angle, 6. It is
assumed that the command generator is of the form of closed loop aircraft system as

X, =4X,+B,u

(12)
Z,=H,X,

where X, and Z, are steady state search state and output variables. Note that 0 is

just one of performance outputs for example. It is very important to know that the
command generator model is selected very close to the closed loop system of

aircraft, where A; is re-grouped from
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At = 4—B, R Bl P,

Iong tMong P long ' long and AcL Y = A-B la;‘Rl’;il B !itijlat (1 3)
Closed loop eigenvalues of (13) are all stabilized from the inner loop equations.

Combination of the state equation and command generator results in

= | X 4 07X 0 — -
M A o

The command generator along with LQR design is used to achieve the steady state
loop design. It is assumed that the command generator control input satisfies the

following differential equation:

B+afi+a,n+apn=0 : (15)
Therefore, its characteristic polynomial will be

fuls)=5+as* +a,s+a, (16)

Note that eigenvalues of the above characteristic polynomial are pre-selected o be

very stable.

Multiplying (14) by £, (s) (16) and assuming

E=fu(s)X=X+aX+a,X+a, X (17)
N= (s =i+ ayfi + ayfi+agh - (8)

results in
E=4E+B,n (19)

Therefore, the modified tracking error on (11) can be transformed to
fu(s)-s=[-c clg=ct - (20)

where C is the matrix represented from the state and its irim variables and ¢ are all
modified tracking errors. Therefore, this error motion can be represented in the

following canonical form
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0 1 0 0

s = 0 1 | — &=

& 0 sn{c}"; Fe+GE 1)
—-a, —a, —a

e=[1 0 0]-8

In order to achieve small error guidance without using too much control
energy, state and command generator equations (19-20) are augmented with the

above error representation (21) as:

@:E ZGC]EJ{;R]":QC[Z}‘% | (22)

In order to transform the above problem into LQR design, the cost function of

the above system is designed as

e = 5{[8 elo,..- @ +n' R, - n}df (23)

where

7 ofT[r o
Qs_g{o E] [0 E"} and R, =1 (24)

Therefore, the solution of the control system will have the optimal tracking error
controller as

n= —ETKE_{Z:] (25)

where K, is the solution of the following Riccati equation

AK,  +K, A +0, . -K, B, _R.B K, , =0 (26)

=g e~

The above Riccati equation provides positive definife symmetric solution, because
the system is stabilized first for all models. In addition, the model is from a canonical
form of the error tracking polynomial. Therefore, the second LQR increases stability
of the system not only in steady state trim but also in control authority and
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disturbance rejection in the loop. This is shown in Figure 8 as wedge-shaped
stability region 49.

Note that the above calculation can be simply programmed into the software
as long as the original closed loop system is determined from the search routine in
the inner loop. Therefore, the program to design the steady state search loop is
interconnected with respect to the search routine in the inner loop.to perform all at
the same time, reducing the required engineering time in computing these.

Outer Loop Classic Guidance Design

This present invention improves the design of a flight guidance system (FGS)
 using classic feedback loop on the outer loop of the system. Both military and
commercial requirements, as well as regulatory agencies, are considered, and
customer inputs and Federal Aviation Administration (FAA) regulatory data are
assumed fo be pre-required and shall be considered in the design of flight guidance

control systems.

Adjustment of individual control gain is dependent on its relative aerodynamic
coefficients and associated control gains. The rules of adjusting these gains are not
fixed. In order to correctly adjust these gains, several rules are needed so that the
same mistakes are not repeated each time in the classic feedback guidance design.
Since the inner loop LQR gain schedule design has stabilized the closed loop
system, classic feedback control laws are mainly for guidance purpose. Of course, if
the classic feedback laws will increase the stability of the system while performing
very good guidance function, this kind of classic feedback control laws will be
considered first. However, it has been observed that in high-speed flight conditions
there are very few control gainé that will make the system stable without employing
LQR gains.

Since the closed loop is stable, adjustment of classic feedback gains can be
simplified to emphasize increased guidance power. It has been determined that
adding all their related gain values together and multiplying with a summary gain can
increase guidance performance. This way of implementation may not work by the
pure classic feedback control laws, but this method is one of the powerful initiations

in guidance system with the present LQR design.
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The methods of how to adjust these gains will be analyzed and discussed
below per importance of individual block based on'military or FAA requirements.

]

Directional and Lateral Guidance Control

Lateral path control can be accomplished over the full flight envelope of any
conventional helicopter or airplane through roll attitude commands alone.
Depending on forward speed and the nature of the yaw axis, commanded roll
attitude will result in a heading rate for cruise flight or sideslip for hover or low speed
flight. For aircraft equipped with direct lateral thrust control capability, low speed
guidance performance will be highly enhanced through the proposed method.

Heading Control

For cruise flight, desired heading can be captured and tracked through roll
attitude commands proportional to the heading error. The heading reference is
typically provided from a selec_tor knob on the FGS control panel. Heading error
scheduled gain could be avoided as a function of true airspeed or groundspeed from
the above LQR method. Therefore, it will become very easy to maintain an
approximately constant ratio of commanded turn rate to degrees of heading error. No
additional damping terms will be required using the proposed method. Important
features of a heading select control system include attitude command limits for
consistent maximum turn rates (standard rate is typical) and simplified command

rate limiting and filtering for optimum ride qualities.

Figure 9 is a diagram of the YawSCAS [(22) in Table i] and shows the
potential of yaw heading guidance control during low speed flight. The yaw guidance
for fast speed and lower speed in the figure is determined by a switch called Y_Attsw
51. When Y_Atisw 51 logic is true, it is assumed the aircraft is at a low airspeed.
Therefore, turn coordinate function is off. The guidance system to make aircraft tum
will mainly contribute from yawing control instead of rolling. In other words, the rolling

command will pick up.

This switch on or off is determined by a signal called Turn_Coord_On 53
which is shown in Figure 10 on the diagram for RollHdgHold [(10) in Table I].

Determination of switching on-off Turn_Coord_On 53 is dependent on the true
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airspeed (TAS) logic shown on RollHdgHold (10) diagram. When TAS is between 35
and 40 knots, the system is on a hysteresis loop, depending on whether airspeed is
decreasing or increasing. Yaw heading control in low speed is assumed that TAS is
lower than 40 knots, which refers that Turn_Coord_on =0, and Y_Attsw = 1.

Since improved LQR method has shifted all eigenvalues to the desired
positions, the control gains used in this diagram are fixed and gain scheduling is
avoided. In addition, all employed gain values have a ratio between 1/10 and 1/4.
Again, this helps a designer to save time in adjusting these gains in the flight field.

When Y_Attsw = 1, Yaw_Actr Cmnd 55 (Figure 9) gets its value from
Psi_plus_r 57, the value of which value is determined by YawOuter [(23) in Table I].
The diagram of YawOuter (23) is shown in Figure 11. All gains on the YawOuter
(23) diagram need to be pointed to the correct direction so that Yaw in the low speed

region will be guided.

The first gain value discussed here is Yaw Ay Gain 59. Without
Yaw_Ay Gain 59 feedback, the system will diverge (during steady state turn or circle
mode) when LQR Yaw Feedback control is not used. The sum of Ped_control will
be very hard fo keep in the unchanged value (zero). Usually, this gain value is set to
be positive 1/10 to 1/4 of Psi_r_Gain 57 value.

Lateral Navigation Control

Lateral path guidance to a VOR or Localizer navigation source is
accomplished by feeding back lateral deviation (cross-track error) into a heading-
stabilized roll control loop. Here, the heading reference is the desired course to be
followed. The angular VOR deviation signal should be converted to pseudo-linear
cross track distance by use of DME or other appropriate estimate of distance to the
transmitter. Localizer deviation may be linearized by use of radar altitude whenever
glideslope control is concurrent, with maximum usable sensitivity being dependent
on sensor noise content. Use of supplementary sensors (inertial, air data, e.g.) as
available without complementary or optimal state filtering is highly admissible with
the present design. When the navigation system is expected to overfly a VOR
station, the system design should include an automatic dead-reckoning mode fo take

over when the indeterminate area of coverage (“zone of confusion”) is encountered.
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Of particular importance in a lateral path guidance implementation is the capture
sequence. Unlike pure classic feedback system, the proposed design can be

automatically held in heading select mode. .
FMS Navigation Control

Off-the-shelf Flight Management Systems (FMS) typically provide a pre-
processed “composite” roll attitude steering output, which supplants the necessity for
detailed control law implementation in the FGS. However, the adequacy of such
commands can be avoided for the intended application, in particular where the
steering output may have been tailored to a different class of aircraft or speed
envelope. Limiting and filtering characteristics of the composite command should be
examined for suitability to the application and supplemented in the FGS as

necessary.
Lateral Go-Around Function

Lateral Go-Around - (also sometimes referred to as Missed Approach or
Egress) for the lateral axis consists of establishing a suitable lateral path or heading
for exiting the landing area. Typically, maintaining heading existing at engagement
is considered acceptable. Subsequent turning to the preset missed approach
heading is typically accomplished by engagement of the heading select mode at pilot
option. With the present invention, the lateral heading will preferably be automatically
engaged when mission is missed.

\Iertical Guidance Control

Guidance of the vertical flight path of a helicopter or VTOL aircraft, such as a
tiltrotor, is accomplished through pitch attitude or power commands, depending on
the flight regime. At cruise speeds, climbs and descents are best achieved by
changes in pitch attitude, whereas at low speeds (below VYy), control can only be
affected through power (verﬁcal thrust) changes. Depending on the application and
cost goals, a thrust axis can be implemented automatically so that the coupling effect
from lateral and longitudinal motions as well as disturbance can be reduced to

minimum.
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The vertical FGS are designed to provide a smooth transition between control
strategies at the appropriate airspeed (or other parameter, such as thrust angle, as
applicable). Barometric vertical velocity, preferably complemented with inertial
vertical velocity or acceleration, typically forms the basis of all vertical path control
modes. Path errors (altitude, glide slope, etc.) are closed around this inner loop,
thus providing a vertical velocity reference or command. The percentage of
accuracy of vertical flight path capture can be reached to 99.9 in the present
invention. This is attributed to separation of control law design in helping guidance

accuracy.
Vertical Velocity Control

Implementation of vertical velocity select/hold mode requires the generation of
a vertical velocity error feedback comprised of the difference between a reference
and vertical velocity for climb and descent commands. The reference is preferably
supplied by a selector knob (or wheel) located on the FGS control panel or through a
“beep” switch located on a control stick grip (preferably the power lever) that slews a
reference integrator within the FGS. Rate and magnitude limits are designed on the
reference consistent with the maneuver limits desired. Synchronization of the
reference to existing vertical velocity will be engaged automatically. The accuracy of
vertical velocity synchronization is higher than 99 percent by using the method of the

invention.
Altitude Control

Implementation of altitude control modes consists of generating a reference
altitude, subtracting this reference from existing altitude, and providing the error as a
reference (command) to the vertical velocity control loop. Altitude hold mode will
store the value of altitude existing at engagement as the reference. Altitude pre-
select mode employs the reference to be supplied externally, usually from a knob on
the FGS control panel or the altitude instrument panel display. The method for
implementing pre-select control is to arm the mode and continue in a climb/descent
mode (vertical speed e.g.) until the selected altitude is neared. An asymptotic
capture is automatically programmed as a function of altitude closure error, followed
by automatically switching to altitude hold. Maneuver limiting provisions for vertical
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speed mode is applied for altitude control as well, except more restrictive limits on

maximum allowable vertical speed may be appropriate.
Vertical Glideslope Capture

Implementation of a glideslope control law is similar in structure to altitude
hold, although somewhat higher tracking gains are desirable. For conventicnal ILS
systems, which provide angular deviation signals, conversion of the errors to linear
displacement is needed, typically using radar altitude to estimate distance from the
transmitter. Since staying on the glideslope requires maintaining a descent rate, the
vertical speed command includes a down command bias based on horizontal speed
so that no steady state glideslope error will be required to achieve the descent. Asin
lateral navigation, the capture sequence is designed to produce an asymptotic

acquisition of the beam without overshoots or undershoots.
Vertical Transition-To-Hover

Approach to hover in the vertical axis consists of setting up a controlled

~descent to the desired radar altitude. The descent angle is dependent on

operational requirements, with approximately six degrees being typical for
helicopters or tiltrotor aircraft. The altitude rate reference is computed based on
horizontal ground speed to achieve a constant angle glide path, concluding in a
closed loop flare to the established height above ground or water. Capture and track
of the final altitude is similar to that used for altitude select/hold. Radar altitude can
be complemented with inertial vertical acceleration or veldcity to eliminate effects of

noisy signals and/or terrain variations.
Vertical Go-Around

Vertical go-around mode consists of establishing a climb rate that is sufficient
to exit the landing area in a safe manner. A fixed vertical velocity reference is
usually sufficient, with 750 ft/min being typical. If the mode is engaged at speeds
below Vy, the command will need to be delayed. However, it has been ensured that
the desired climb angle can be achieved and maintained without exceeding power

limits programming horizontal speed to the system.

Longitudinal Guidance Control
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Longitudinal guidance consists of controlling airspeed or groundspeed along
the x-axis of the vehicle. Like the vertical axis, control is usually through pitch
attitude or power commands, depending on flight condition. At speeds below Vy,
speed control is typically accomplished by commanding pitch attitude changes.
Thrust vector angle or direct longitudinal thrust modulation (if available) are also
effective for low speed control. At cruise, power modulation is effective for
maintaining desired speed. Transition between control strategies is linked with the
vertical axis, exchanging between pitch and power control simultaneously for both
longitudinal and vertical modes.

Airspeed/Ground Speed Control

Implementation of speed select/hold mode requires the generation of a
velocity error feedback comprised of the difference between a reference and current
speed to provide accelerate or decelerate commands. For airspeed control, pitot-
derived airspeed is complemented with inertial longitudinal acceleration. Depending
on vehicle characteristics, a moderate level of acceleration feedback is employed to
attain desired stability levels. The reference is supplied by a selector knob located on
the FGS control panel, or through a beep switch located on a control stick grip
{preferably the cyclic stick), which slews a reference integrator within the FGS
computations. The reference is rate and magnitude limited consistent with the
maneuvering limits desired. With this design, the accuracy of airspeed conirol is
higher than 99 percent.

Longitudinal Transition-To-Hover

Automatic approach to hover in the longitudinal axis is implemented by
controlling groundspeed in a predetermined manner. [f termination of the approach
is to be at a specific (geographic) position, distance to the hover point is used to
control the deceleration initiation and magnitude such that zero velocity is reached
simultaneously with zero distance. The speed reference is commanded at a rate
consistent with the desired maximum deceleration rate (typically 1 to 2
knots/second). If the hover point is not specific, the pilot can initiate the approacﬁ at
any time, whereupon the velocity reference is commanded to zero at a constant rate,
again consistent with the desired maximum deceleration rate.
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Longitudinal Go-Around

Go-Around in the longitudinal axis is implemented by commanding a
controlled acceleration to the optimum climb speed. The controlled parameter may
be either groundspeed or airspeed as appropriate for the particular approach mode
being aborted. All control law parameters established for speed control and

transition to hover are also applicable to go-around.
DISCUSSION AND RESULTS

In the old classic feedback control laws, proportional-integral-derivative (PID)
method is applied to not only control the aircraft but also stabilize the system.
Feedback to the individual performance may repeatedly be employed for the other
performance to achieve stabilization, guidance and navigation. Since integral gains
are used, washout out functions and limiter release logics are necessarily employed
to avoid control surfaces quickly hitting their detent values for protections.
Therefore, in military specification, as long as frequencies of slow mode eigenvalues
is very slow, negative damping ratios are under certain values, the system can still
exist in the old classic feedback control laws design. When asking for precision
control, the ability of this kind of control method may or may not achieve this goal,

depending on aircraft’'s structural and aerodynamic design.

The proposed method is to employ the other two assistances from LQR to
allow the aircraft system to achieve precision control even that the open loop system
is not within military category. Therefore, the trim condition, disturbance rejection
and handling qualities scale ratio can all be considered as requirements in this three
loop control laws design. Therefore, the performance in guidance, navigation and

stability are extremely improved.
Improved LQR Method
The advantages of proposed method in improved LQR:

1. Shift all closed Iloop eigenvalues and eigenvéctors to the desired

positions and directions for all models from k=01, 2---,0r ;.

Therefore, all characteristics of individual states will perform similarly.
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All gain values are pre-programmed using search algorithm. The
engineering time of searching all gains will be reduced. The time to

switch to another set of gains values is also shortened.

It will ensure that the closed loop eigenvalues and eigenvectors are all
located on handling quality level scale 1.

Since all gains from improved LQR are stabilized, simplified classic
guidance law will not need to do the gain adjustment or gain scheduling

any more.

Simpilified classic feedback gain can be used for all models in guidance
loop.

Steady State Search Method

The advantages of proposed method in steady state search method:

1.

i
Allow the aircraft to fly the natural trimmed conditions at all times.

Therefore, the additional control authority that would be used for

balancing trim values can be reserved.

Since no zeros at the poles of disturbance rejection model are in the

search method, a certain degree of disturbance rejection is achievable.

Simultaneously achieving guidance, navigation, stability, and control of
aircraft under the optimal performance with disturbance rejection.

Therefore, the accuracy of guidance functions is extremely improved.

Classic guidance System

The advantages of the methods of the invention in classic feedback method:

1.

The feedback states for certain functions in guidance loop can be
eliminated. Since LQR has stabilized the closed loop system, the old
classic feedback states to make the sysiem stabilized can be
eliminated. This will simplify the guidance loop to be more concise.
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2. This loop will ensure the aircraft follows the best trim condition on all
necessary maneuvers.
3. This loop will increase the control authority for all other loops.
4. This loop will increase aircraft stability in steady state level flight.
5. This loop will help to steady state error correction.

Simulation Results

UAY simulation results are employed to illustrate the potential of the proposed
system of the invention. Figure 12 shows a square flight path 61 used in the
simulation. This type of flight path might be used for a rescue searching function or
similar mission. The aircraft flies from waypoint #1 at origin 63 [located at (0,0)],
then sequentially flies to waypoints #2, #3, #4, and #5 on the perimeter of flight path
61 before returning to waypoint #6, which is also at origin 63. In the simulation,
when the aircraft flies to each waypoint, it will transform its flight on the waypoint to a
circle mode until the ground station ensures that no victim is located near that

waypoint.

UAYV simulation results are shown on Figures 13, 14, 15 and 16 for different
searching speeds and searching square sizes. Figure 13 shows the results of a
flight at 80 knots around a flight path 4 miles on each side, Figure 14 shows the
results for a flight at 65 knots around a flight path 10 miles on each side, Figure 15 is
for 45 knots around a 4-mile square, and Figure 16 is for 25 knots around a 2-mile
square. Note that for airspeed higher than 40 knots, the turn coordinate function will
be automatically turned on. Therefore, on each waypoint, circle mode will be
performed until next waypoint is triggered. It is shown that UAV accomplishes its
mission with higher than 99 percent accuracy of the waypoint capture on all six
waypoints on all three cases where the airspeed is higher than 40 knots.
Furthermore, the circle function is very well performed on each waypoint. Note that
when flying circle mode, the aircraft altitude is also moving up and down to allow
version system to explore any angle around the search region. Even with control
surface changes in the vertical portion, the UAV still shows very positive flight. All
guidance gains employed to accomplish the above flight are not gain scheduling,
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which means they are not changed. Therefore, it can be observed that gain-

scheduling function is avoided on the guidance loop.

Note that disturbance model is also added in the simulation system. When
moving wind disturbance up to 10 knots on x and y directions, the aircraft is still
performing very robust. Even with wind disturbance being increased to as high as
25 knots, the aircraft can still accomplish its mission without any, assistance from
other control algorithm.

Pure classic feedback control laws are also investigated in this model. It is
recoghized that classic feedback conirol laws require immediate attention for
waypoint capture, and it can lose its flight path very easily. Flight control surfaces
can reach their limits very easily because the open loop of the selected aircraft

model is very unstable. When classic feedback control laws are going to
(1)  Stabilize the system, f
(2) Do the guidance and navigation of aircraft, and

(3) As well as maintain natural flight trim conditions,

without gain scheduling, these functions become impossible. In addition, finding

these gain values becomes time consuming and may not succeed.

The reasons for the proposed method easily accomplishing this mission are

1) Using three control loops to achieve its missions
2) Each loop performs its own best capability
3) Each loop will not affect other’s performance

4) All closed loop eigenvalues from improved LQR method are located

closely each other.
5) All close loop eigenvectors are having the same directions.
6) All trim values for search loop are from its natural performance.

7) Steady state error accumulation does not exist.
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8) Classic feedback is for guidance purpose.

Figure 16 illustrates the effects when the helicopter flies slower than 35 knots
and the turn coordinate function is off. The circle function does not exist under this
condition. When asking the helicopter to do the search function on each waypoint,
the aircraft will either transfer this mode to circle mode or an 8 mode. However, in
either mode of flight the aircraft maintains its waypoint capture and square search

mission.

In an alternate embodiment of the present invention, two LQR's, or one LQR
and one H-infinity control, or two H-infinity controls, are utilized instead of one LQR

-plus classic feedback. However, this alternate embodiment may have the following

disadvantages: (1) increase complexity of approach; (2) visibility of simulation of the
whole system may be lost; and (3) individual guidance control law may be lost.
Nevertheless, the steady state trim search control law, which is not found in any

other control system, is retained.

Inside the rotorcraft industry, the present invention could be used on all
manned or unmanned helicopter to robustly enlarge flight stability and improve flight
quality. Outside the rotorcraft industry, this invention can also be applied to the
fixed-wing aircraft, unmanned aerial vehicles, submarine autopilot syétems, and

other control systems.

The present invention includes significant benefits and advantages, inciuding:
(1) increasing handling qualities and performance for piloted aircrafts; (2) increasing
robustness for unmanned aircrafts; (3) reducing flight test time; (4) reducing flight
control law development time; (5) providing for easily applied intelligent portion for
unmanned control; (6) providing for the system to be easily understood and
implemented by engineers; and (7) using all advantages from classic feedback and
modern control methods and eliminating their disadvantages.

While this invention has been described with reference to illustrative
embodiments, this description is not intended to be construed in a limiting sense.
Various maodifications and combinations of the illustrative embodiments, as well as
other embodiments of the invention, will be apparent to persons skilled in the art

upon reference to the description. /
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Claims

1. A flight control system for controlling the flight of an aircraft, the system
comprising:

a first feedback loop using a linear quadratic regulator search method;
a second feedback loop using a classic feedback summary gain design; and

a third feedback loop comprising a steady state trim search method.
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BELL HELICOPTER TEXTRON INC.

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant
according to Article 18, A copy is being transmitted to the International Bureau.

«
Ll sheets.
D It is also accompanied by a copy of each prior art document cited in this report.

This international search report consists of a total of

1. Basis of the report
a. With regard to the language, the international search was carried out on the basis of:

the international application in the language in which it was filed.

D a translation of the international application into which is the language of
a translation furnished for the purposes of international search (Rules 12.3{a) and 23.1(b)).

b. D This international search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.65is(a)).

c. I:l With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. L.

2. D Certain claims were found unsearchable (see Box No. IT).
3. D Unity of invention is lacking (sec Box No. ITI).

4, With regard to the title,
the text is approved as submitied by the applicant.
D the text has been established by this Authority to read as follows:

5. With regard to the abstract,
the text is approved as submitted by the applicant.

D the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant
may, within one month from the date of mailing of this international search report, submit comments to this Authority.

6. With regard to the d;awings,
a. the figure of the drawings io be published with the abstract is Figure No. 7
}I{ as suggested by the applicant.
as selected by this Authority, because the applicant failed to suggest a figure.
B as selected by this Authority, because this figure better characterizes the invention.
b, D none of the figures is to be published with the abstract.
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A.

CLASSIFICATION OF SUBJECT MATTER

IPC(8) - GO5D 1/10 (2011.01)
USPC - 701/3
According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
IPC(8} - FO2C 3/10, 9/28; GO5SD 1/00, 1/02, 1/10; GO6F 7/00, 19/00 (2011.01)
USPC - 244/3.21, 76, 164; 701/1, 3, 4, 7, 10, 301

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
ECLA - B64C 13/16; GO5D 1/06B28B, 1/10B

Electronic data base consulted during the intemnational search (name of data base and, where practicable, search terms used)

Patbase

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2008/0234881 A1 (CHEREPINSKY et al) 25 September 2008 (25.09.2008} entire document { 1-20

WO 2007/018572 A2 (SHUE et al) 15 February 2007 (15.02.2007) entire document 1-20
A US 2003/0191561 A1 (VOS) 02 Qctober 2003 {02.10.2003} entire document 1-20

D Further documents are listed in the continuation of Box C.
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Special categories of cited documents:
document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date >

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

document published prior to the international filing date but later than
the priority date claimed
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later document published after the international filing date ot;jgriority
date and not in conflict with the aptﬁleicaﬁon but cited to understand
g

the principle or theory underlyin invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actnal completion of the international search

09 August 2011

Date of mailing of the international search report

26 AUG 2011
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(PCT Rule 43bis.1)
Date of mailing
. (day/monih/vear) 26 AUG 2011

Applicant’s or agent’s file reference " FOR FURTHER ACTION
0837RF-H793P See paragraph 2 below
International application No. International filing datc (day/month/year) Priority date (day/month/year)
PCT/US2011/030498 30 March 2011

International Patent Classification (IPC) or both national classification and IPC
IPC(8) - GO5D 1/10 (2011.01)
USPC - 701/3

Applicant gy | HE) IGOPTER TEXTRON INC.

1. This opinion contains indications relating to the following items:
- Box No. I Basis of the opinion
D Box No. II Priority
Box No.III  Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
Box No. 1V “Lack of unity of invention

Box No.V  Reasoned statement under Rule 435is. 1{a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

Box No. VI Certain documents cited

Box No. VII Certain defects in the international application

L0000 XU

Box No. VIII Certain observations on the international application

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
Intemational Preliminary Examining Authority (“IPEA”) except that this does not apply where the applicant chooses an Authority
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.15is(b) that written
opinions of this Intemational Searching Authority will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later.

For further options, see Form PCT/ISA/220.

Name and mailing address of the ISA/US | Date of completion of this opinion Authorized officer:

Mail Stop PCT, Atin: ISA/US .

Commissioner for Patents o 09 August 2011 Blaine R. Copenheaver
P.O. .Bmf 1450, Alexandria, Virginia 22313-1450 PCT Helpdask: 571-272-4300

Facsimile No. 571-273-3201 PCT OSP: 571-272-7774

Form PCT/ISA/237 (cover sheet) (July 2011)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCT/US2011/030498

Box Ne. I Basis of this opinion

1. With regard to the language, this opinion has been established on the basis of:
}E the international application in the language in which it was filed.

D a translation of the international application into which is the language of a
translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)).

2. D This opinion has been established taking into account the rectification of an ebvious mistake authorized by or notified
to this Authority under Rule 91 (Rule 435bis.1(a))

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has been
established on the basis of a sequence listing filed or furnished:

a. (means)
[:I on paper

[] in electropic form

D in the international application as filed
l:l together with the international application in electronic form
D subsequently to this Authority for the purposes of search

4. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that in the application as filed or
does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

Form PCT/ISA/237 (Box No. I) (July 2011)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY PCT/US2011/030498

Box No. V Reasoned statement under Rule 435is.1(a)(i) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement

1. Statement

Novelty (N) = Claims 1-20 YES
Claims None NO
Inventive step (IS) Claims 1-20 YES
Claims None NO
Industrial applicability (IA) Claims 1-20 YES
Claims None NO

2. Citations and explanations:

Claims 1-20 mest the criteria set cut in PCT Article 33(2)-(3) because the prior art does not teach or fairly suggest certain subject matter in
the claims, as follows:

As to Claim 1, the prior art of record, individually or in combination, does not teach or fairly suggest an aircraft, comprising a sensor
carried by the aircraft, the sensor being adapted to sense a directional movement of the aircraft; an actuator carried by the aircraft, the
actuator being utilized to control the directional movement of the aircraft; and a control system in data communication with the aircraft
sensor and operably associated with the actuator, the control system having: a model adapted to decouple the directional movement of
the aircraft into a lateral equation of motion and a longitudinal equation of motion;

a lateral control architecturg in data communication with the model, the lateral control architecture being adapted to utilize the lateral
equation of motion to control the lateral motion of the aircraft; a longitudinal contro! architecture in data communication with the model, the
longitudinal control architecture adapted to utilize the longitudinal equation of motion to control the longitudinal motion of the aircraft; and
an initialization command logic in data communication with the lateral control architecture and in data communication with the longitudinal
control architecture; wherein the initialization command logic selectively activates the lateral control architecture for controlling the lateral
motion of the aircraft and selectively activates the longitudinal control architecture for controlling the longitudinal motion of the aircraft; and
wherein the control system utilizes the lateral control architecture and the longitudinal control architecture to control speed variations of the
aircraft while the aircraft maintains a constant vector heading across a ground surface.

As to Claim 11, the prior art of record, individually or in combination, does not teach or fairly suggest a method to control flat yawing turns
of an aircraft while maintaining a constant vector heading across a ground surface, the method comprising sensing the speed variation of
the aircraft with a sensor carried by the aircraft, the speed variation having: a longitudinal direction of motion; and a lateral direction of
motion; controlling the speed variation of the aircraft with actuators operably associated with the aircraft; providing a control system in data
communication with the aircraft sensor and operably associated with the actuators, the control system having: a model; a lateral control
architecture; a longitudinal control architecture; and an initialization command logic in data communication with the lateral control
architecture and in data communication with the longitudinal control architecture; decoupling the directional movement of the aircraft into
the lateral equation of motion and the longitudinal equation of motion with the model; controlling the lateral direction of motion with a lateral
control architecture, the lateral control architecture utilizing the lateral equation of motion; controlling the longitudinal direction of motion
with a longitudinal contrel architecture, the longitudinal control architecture utilizing the longitudinal equation of motion; and selectively
activating the lateral control architecture and the longitudinal control architecture with the initialization command logic; wherein the control
system receives sensed speed variation data from the sensor and operably controls the actuators, thus providing selective control of the
yawing turns of the aircraft while maintaining a constant vector across a ground surface.

Claims 2-10 and 12-20 depend from base Claims 1 and 11, respectively, and therefore have novelty for at least the same reasons as do
base Claim 1 and 11.

(Continuéd in Supplemental Box)

Form PCT/ISA/237 (Box No. V) (July 2011)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING AUTHORITY
PCT/US2011/030498

Supplemental Box

In case the space in any of the preceding boxes is not sufficient.
Continuation of:
Box V

The following prior art is made of record to support and further define the reasons for allowance of base Claims 1 and 22:

(i) Cherspinsky st al. disclose an aircraft {fig. 1), comprising: a sensor carried by the aircraft (32 fig. 3), the sensor being adapted to sense
a directional movement of the aircraft (sensor 32 output includes vertical acceleration 94 and vertical velocity, fig. 3); an actuator carried by
the aircraft (servos 50 and tail rotor servos 54, fig. 2), the actuator being utilized to control the directional movement of the aircraft (servos
control main rotor 12 and tail rotor 14, fig. 2 para. [0032]); and a control system (flight control system 18, fig. 3) in data communication with
the aircraft sensor and operably associated with the actuator (para. [0030] Referring to Fig. 2, the flight control system 16 includes ...
includes a Primary Flight Control System (PFCS) 22 and a Flight Augmentation and Cueing System (FACS) 24. The PFCS and FACS
each receive the force output command signals of a collective controller 18 on lins 20, a cyclic controller 28 on lines 30, and the aircraft's
sensed parameter signals from sensors 32, on lines 34), the control system having: a model (para. [0030] Referring to Fig. 2, the flight
control system 16 includes a model following control system which shapes the pilot's controller and displacement commands through an
inverse vehicle model to produce the desired aircraft response). Cherepinsky st al. does not teach, either alone or in combination with the
pricr art of record, @ model is adapted to decouple the directional movement of the aircraft into a lateral equation of motion and a
longitudinal equation of motion; a lateral control architecture in data communication with the modsl, the lateral control architecture being
adapted to utilize the lateral equation of motion to control the lateral motion of the aircraft; a longitudinal control architecture in data
communication with the model, the longitudinal control architecture adapted to utitize the longitudinal equation of motion to control the
longitudinal motion of the aircraft; and an initialization command logic in data communication with the lateral control architecture and in
data communication with the longitudinal control architecture; wherein the initialization command logic selectively activates the lateral
control architecture for controlling the lateral motion of the aircraft and selectively activates the longitudinal control architecture for
cantrolling the longitudinal motion of the aircraft; and wherein the control system utilizes the lateral control architecture and the longitudinal
control architecture to control speed variations of the aircraft while the aircraft maintains a constant vectar heading across a ground
surface.

(i) Shue et al. disclose a model (represented by in flowchart form in fig. 5) related to flight control of an aircraft (pg. 1, Ins. 4-8) adapted fo
decouple (block 29 separates into longitudinal mation 31 and lateral motion 37 components, fig. 5) a directional movement of the aircraft
(equation 1, pg. 11, models an aircraft based on airspeed, pg. 11, Ins. 12-13) into a lateral equation of motion (equation 2, pg. 12) and a
longitudinal equation of motion {equation 3, pg. 12); a lateral control architecture (lateral LQR 39, fig. § and pg. 11, Ins. 5-6, is a linear
quadratic regulator as described on pg. 12, Ins. 13-17) in data communication with the model (lateral motion component 37 is in
communication with model of fig. 5), the lateral control architecture being adapted to utilize the lateral equation of motion (lateral motion
component 37 is an input for lateral LQR 39, fig. 5) to controf the lateral motion of the aircraft (the LQR method of fig. 5 is what is used in
the LQR feedback block of fig. 1, the result of which goes to outputs block of fiight control system in fig. 1); a longitudinal control
architecture (longitudinal LQR 33, fig. 5 and pg. 11, Ins. 6-8, Iis a linear quadratic regulator as described on pg. 12, Ins. 13-17) in data
communication with the modsl! {longitudinal motion component 31 is in communication with model of fig. 5), the longitudinal control
architecture adapted to utilize the longitudinal equation of motion (longitudinal motion component 31 is an input for longitudinal LQR 33, fig.
5} to control the longitudinal motion of the aircraft (the LQR method of fig. 5 is what is used in the LQR feedback block of fig. 1, the resuit of]
which goes to outputs block of flight control system in fig. 1). Shue et al. does not teach, either alone ar in combination with the prior art of
record an initialization command logic in data communication with the lateral control architecture and in data communication with the
longitudinal control architecture; wherein the initialization command logic selectively activates the lateral control architecture for controlling
the lateral motion of the aircraft and selectively activates the longitudinatl control architecture for controlling the lengitudinal motion of the
aircraft; and wherein the control system utilizes the lateral control architecture and the longitudinal control architecture to control speed
variations of the aircraft while the aircraft maintains a constant vector heading across a ground surface.

Claims 1-20 meet the criteria set out in PCT Article 33{4), and thus have industrial applicability because the subject matter claimed can be
made or used in industry.

Form PCT/ISA/237 (Supplemental Box) (July 2011)
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BACKGROUND
1. Field of the Invention

[0001] The present invention relates generally to flight control systems, and more
particularly, to a flight control system having flight control laws which enable precise

aircraft maneuvering relative to the ground.
2. Description of Related Art

[0002] Aircraft which can hover and fly at low speeds include rotorcraft, such as
helicopters and tilt rotors, and jump jets, like the AV-8B Harrier and F-35B Lightning Il.
These aircraft can spend a large portion of their mission maneuvering relative to the
ground. Sometimes, this maneuvering must be conducted in confined spaces around

external hazards such as buildings, trees, towers, and power lines.

[0003] For traditional flight control systems, ground-referenced maneuvering (GRM)
requires the pilot to make constant control inputs in multiple axes in order to counter
disturbances caused by wind, as weli as to remove the natural coupled response o'f the
aircraft. The pilot workload during such maneuvers can become quite high since the
pilot must sense un-commanded aircraft motions and then put in the appropriate control
input to eliminate the disturbance. In a worst-case scenario, a pilot might be required to
fly GRM in a degraded visual environment. With the lack of visual cues to detect off-
axis motion, the pilot might accidentally fly into an external hazard while maneuvering in

a confined space.

[0004] Traditional flight control law designs do not provide the pilot with an easy way to
control aircraft crab angle during GRM. Crab angle is defined as the angle between the
aircraft's heading and its actual ground path. With these prior designs, adjusting crab
angle while maintaining ground track took considerable pilot concentration, since the

pilot had to coordinate inputs to both the lateral and directional controllers.-

[0005] Although pilots generally seek to minimize crab angle during GRM, some

mission tasks may call for flat yawing turns while maintaining a constant vector across
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the ground. For example, on a steep approach, the pilot may need to fly with a crab
angle so he or she can see the landing zone. Additionally, the pilot may want to quickly
transition out of rearward or sideward flight while continuing along the same ground
track. In a final example, the pilot may want to acquire and track a point on the ground
without having to fly directly towards it. With prior flight control designs, such
maneuvers required extraordinary pilot skill to coordinate the aircraft's motions in

multiple control axes.

[0006] Although the foregoing developments represent great strides in the area of

flight control laws, many shortcomings remain.
DESCRIPTION OF THE DRAWINGS

[0007] The novel features believed characteristic of the embodiments of the present
application are set forth in the appended claims. However, the embodiments
themselves, as well as a preferred mode of use, and further objectives and advantages
thereof, will best be understood by reference to the following detailed description when

read in conjunction with the accompanying drawings, wherein:

Figure 1 is a flight envelope with control law modes designed to enable ground

reference maneuvers;

Figure 2 is a schematic of an aircraft utilizing a control system according to the

preferred embodiment of the present invention;

Figure 3 is a set of plots comprising measured flight data of the aircraft of Fig. 2

while performing constant vector flat turns;

Figure 4 is a schematic view of the aircraft of Fig. 2 changing flight heading from

sideward flight to forward flight;

Figure 5 is a schematic view of the aircraft of Fig. 2 changing flight heading from
forward flight to sideward flight;
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Figure 6 is a schematic view of the control system architecture for a set of

longitudinal control laws;

Figure 7 is a schematic view of the control system architecture for a set of lateral

control laws;

Figure 8 is a schematic view of the control system architecture for directional

control laws;
Figure 9 is a schematic view of the control law logic for the control system; and
Figure 10 is a schematic view a control law flow chart for the control system.

[0008] VWVhile the control system of the present application is susceptible to various
modifications and alternative forms, specific embodiments thereof have been shown by
way of example in the drawings and are herein described in detail. It should be
understood, however, that the description herein of specific embodiments is not
intended to limit the invention to the particular embodiment disclosed, but on the
contrary, the intention is to cover all modifications, equivalents, and alternatives falling
within the spirit and scope of the process of the present application as defined by the

appended claims.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0009] lllustrative embodiments of the system and method are provided below. It will
of course be appreciated that in the development of any actual embodiment, numerous
implementation-specific decisions will be made to achieve the developers specific
goals, such as compliance with system-related and business-related constraints, which
will vary from one implementation to another. Moreover, it will be appreciated that such
a development effort might be complex and time-consuming, but would nevertheless be
a routine undertaking for those of ordinary skill in the art having the benefit of this

disclosure.

[0010] This invention will enable seamless and transient free GRM. More specifically

this invention will enable a pilot to use the directional controller to command flat yawing
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turns at low groundspeeds, while maintaining a constant vector across the ground. The
seamless integration of this design requires no manual cockpit switches to select a
Constant Vector Flat Turn (CVFT) mode. Instead, the control laws will automatically
adjust pitch and roll attitude to keep the aircraft moving in the same direction at a

constant speed whenever the pilot inputs a directional command at low speed.

[0011] The control system of the present application enables seamless and transient
free GRM without the need for manual cockpit switches. The control system utilizes
relative groundspeed difference to automatically control pitch and roll attitudes so that
the aircraft will maintain a constant vector during a low speed flat turn. The control
system also allows the pilot to complete a CVFT with minimal workload since the
ground vector will automatically be maintained by the control laws without the pilot

having to use cockpit switches to change modes.

[0012] Referring now to the drawings, Figure 1 shows a representative flight envelope
101 with a plurality of control law modes designed to enable GRM. Flight envelope 101
comprises a region 103 depicting the CVFT region, wherein the CVFT region is
preferably from 10 to 35 knots groundspeed in any direction relative to the aircraft’'s
body axis. The lower bound of region 103 is set by the Hover Hold and Transiational
Rate Command (TRC) region 105. The upper bound of region 103 is set by the

aircraft’'s sideward and rearward flight airspeed limits.

[0013] Figure 2 is a schematic of an aircraft 201 utilizing a control system according to
the preferred embodiment of the present invention. Figure 2 shows aircraft 201 in
forward flight within region 103. Directional inputs turn aircraft 201 in a complete 360
degree yaw movement R1, stopping every 90 degrees, and without changing the speed
and flight heading of aircraft 201, as represented with arrow D1. In the preferred
embodiment, the control system is utilized with rotary aircraft, i.e., a helicopter;
however, it should be appreciated that the control system is easily and readily adaptable

with control systems of different types of aircraft, both manned and unmanned.

[0014] Figure 2 depicts aircraft 201 traveling between 10 to 35 knots in a forward

direction. As is shown, aircraft 201 preferably turns in a yaw direction R1 at
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approximately 90 degrees relative to direction D1. Aircraft 201 continues tb turn in
direction R1 while maintaining a constant flight heading. It should be appreciated that
the preferred control system is adapted to turn aircraft 201 at 90 degrees during each
application; however, it should be appreciated that alternative embodiments could easily
include a control system adapted to turn the aircraft at different angles, e.g., at 30
degrees in lieu of or in addition to 90 degrees. It should also be understood that
although shown turning in a clockwise direction, the control system can also turn the

aircraft in a counterclockwise movement.

[0015] Figure 2 provides an exemplary depiction of aircraft 201 turning 360 degrees
while maintaining forward flight. Step 1 shows aircraft 201 traveling in a constant
forward flight, as depicted with arrow D1, between 10 and 35 knots. Step 2 depicts
application of the control system, namely, the pilot utilizes the control system to rotate
aircraft 201 in the clockwise direction approximately 90 degrees, as indicated by arrow
R1. Step 2 shows aircraft 201 traveling in forward flight while the fuselage faces 90
degrees relative to the directional movement. Steps 3-5 provide further illustration of
the process being repeated. In particular, each time the control system is utilized,

aircraft 201 rotates 90 degrees while maintaining a constant forward heading.

[0016] Referring now to Figure 3 in the drawings, measured flight data 301 of aircraft
201 is shown during a 360 degree CVFT. A plot 303 provides measured data
representing the turning movement R1 of aircraft 201 during the 360 degree turn. A plot
305 provides measured data representing the groundspeed of aircraft 201 during the
360 degree turn. Plot 305 shows aircraft 201 initially starting at 20 knots forward
groundspeed during the entire 360 degree CVFT. Plot 305 shows that aircraft 201
holds a relatively steady groundspeed during the 360 degree CVFT. A plot 307
provides measured data representing the ground track of aircraft 201 during the 360
degree CVFT. The forward groundspeed plotted on a plot 309 essentially depicts a
cosine curve during the turn, while the sideward groundspeed plotted on a plot 311

shows a sine curve.
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[0017] Referring now to Figure 4 in the drawings, a schematic view of aircraft 201 is
shown changing flight heading from sideward flight to forward flight. In the exemplary
embodiment, the CVFT control system is utilized such that aircraft 201 changes heading
from a forward groundspeed Vx of about 0 knots and a sideward groundspeed between
10-35 knots to a forward groundspeed between 10-35 knots and a sideward
groundspeed about 0 knots. Step 1 of Figure 4 shows aircraft 401 during hover, while a
step 2 shows aircraft 401 traveling in a sideward groundspeed between 10-35 knots, as
depicted with arrow D2. In step 2, a right lateral control stick (not shown) is utilized to
generate a left sideward heading. Thereafter, a right 90 degree petal turn is applied to
rotate aircraft 201 in a forward heading with a petal 203. In the preferred embodiment,
petal 203 is a petal manipulated with the pilot's foot; however, it should be appreciated
that other forms of devices, i.e, a hand switch could be utilized in lieu of or in addition to
petal 203. For purposes of this invention, a lateral controller, longitudinal controller, and
directional controller are characterized as petal 203 or similarly suited devices. Step 3
depicts application of the CVFT control system, wherein aircraft 201 turns 90 degrees

for changing the heading of aircraft 201.

[C018] Referring now to Figure 5 in the drawings, an alternative application of the
CVFT control system is shown. In the exemplary embodiment, the CVFT control
system is utilized to turn aircraft 201 from a forward groundspeed Vx between 10-35
knots and a sideward groundspeed of about 0 knots to a sideward groundspeed
between 10-35 knots and a forward groundspeed about 0 knots. Step 1 shows aircraft
201 during hover, while a step 2 shows aircraft 201 traveling in a forward heading
having a groundspeed between 10-35 knots, as depicted with arrow D3. In step 2, a
forward longitudinal stick is utilized to generate forward flight. Thereafter, a left 90
degree petal turn is applied to rotate aircraft 201 such that the forward flight of aircraft

201 changes to a sideward flight heading.

[0019] Those skilled in the art will understand that the methods for aircraft guidance
disclosed in this invention can be applied to any combination of the following: (1) full
authority fly-by-wire flight control systems, as well as partial authority mechanical

systems; (2) traditional cockpit layouts with a center stick for longitudinal and lateral
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control, pedals for directional control, and a collective stick for vertical control, as well as
more advanced designs which combine multiple control axes into a center or side stick

controller; and, (3) any aircraft capable of GRM, including both rotorcraft and jump jets.

[0020] The key to enabling seamless and transient free GRM lies in the advanced
control law architecture of the CVFT control system as shown in Figures 6 to 8. Figure
6 shows architecture 601 of the CVFT control system operably associated with one or
more longitudinal control laws, Figure 7 shows architecture 701 of the CVFT control
system operably associated with one or more lateral control laws, and Figure 8 shows
architecture 801 of the CVFT control system operably associated with one or more

directional control laws according to the preferred embodiment of the invention.

[0021] Referring now to Figure 6 in the drawings, architecture 601 includes one or
more aircraft sensors 603 operably associated with the control laws to accomplish
GRM. Aircraft sensors 603 can include: an inertial Navigation System (attitudes,
attitude rates, and translational accelerations); a Global Positioning System (ground-
referenced speeds and positions); an Air Data Computer (airspeed and barometric
altitude); and, a Radar or Laser Altimeter (above ground level (AGL) altitude). An
aircraft model can be obtained from aerodynamics data and a group of linear models
can be developed based on its airspeed form aircraft sensors 603. These linear models
include both lateral and longitudinal equations of motion. Since the aircraft model
matrices are large and contain coupling terms of lateral and longitudinal motions within
the matrices, it is difficult to determine the best performance control gains for all at the
same time. In order to overcome these issues, the linear model of aircraft performance
is decoupled first. After the aircraft model is decoupled to lateral and longitudinal
equations of motion, the effect of coupling terms between lateral and longitudinal

motions can be reduced to minimum, thus stabilizing the system.

[0022] In the preferred embodiment, architecture 601 preferably comprises of a
longitudinal control law for forward speed, represented as block 605 “Long_SPD”; a
longitudinal control law for pitch angle, represented as block 607 “Long ATT”; and, a

longitudinal control law for pitch rate, represented as block 609 “Long RATE”.
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Architecture 601 is further provided with initialization logic 611 adapted for determining
which loop is active in each axis based on flight conditions and pilot control inputs.
Logic 611 will also re-initializes inactive loops in order to eliminate control jumps when

switching between the loops to provide seamless and transient free mode changes.

[0023] Architecture 601 further includes a longitudinal command 613 generated in the
control laws by referencing the pilot’s cockpit control input in each axis. The input to the
control laws is the difference between the controller’s present position and the centered,
no force position, which is also referred to as the “detent” position. The control
commands can also be generated by a beep switch located in the cockpit to command
small and precise changes in aircraft state. The control laws process these control
inputs to generate the appropriate aircraft response commands. These commands are
then sent out to the control law guidance blocks to maneuver the aircraft. The control
law outputs are routed to an actuator 615 for each dynamic axis. For a conventional
helicopter, the control laws send control signals to the following actuators: longitudinal
axis — main rotor longitudinal swashpiate angle; lateral axis — main rotor lateral
swashplate angle; vertical axis — main rotor collective pitch; and, directional axis — tail

rotor collective pitch.

[0024] Since pitch rate is the fastest longitudinal state, Long_RATE 609 is the inner
loop of the longitudinal control laws. Next, the Long ATT 607 loop feeds the
Long_RATE control law 609 loop to control pitch attitude. Finally, the Long SPD
control law 605 loop feeds the Long_ATT 607 loop to control forward speed.

[0025] When flying with the longitudinal controller in detent outside of the Hover Hold /
TRC region 105, depicted in Figure 1, the Long_SPD 605 loop will be active. At lower
speeds, this loop will hold constant forward groundspeed, while at higher speeds,
airspeed will be held. Once the pilot moves the longitudinal controller out of detent, the
control laws can command either pitch attitude (Long ATT 607) or pitch rate
(Long_RATE 609).

[0026] Referring now to Figure 7 in the drawings, architecture 701 comprises one or

more lateral control laws operably associated with sensors 603, logic 611, lateral
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commands 702, and actuators 615. The lateral control laws include: a lateral control of
roll rate, represented as block 703 “Lat RATE”; a lateral control of the roll attitude,
represented as block 705 “Lat ATT”, a lateral control of sideward groundspeed,
represented as block 707 “Lat_SPD”; a lateral control of the crab angle, represented as
block 709 “Lat CRAB”; and, lateral control of heading, represented as block 711
“Lat_ HDG".

[0027] Similar to the longitudinal axis, Lat RATE 703 is the inner loop of the lateral
control laws and the Lat ATT 705 loop feeds the Lat RATE 703 loop to control roli
attitude. The Lat_ATT 705 loop can be fed by one of three loops, Lat SPD 707,
Lat_CRAB 709, or Lat HDG 711.

[0028] The crab angle used in the Lat CRAB 709 loop is computed in the control laws

nztan“[%j (1)

[0029] where 7 is the crab angle, ¥, is the sideward groundspeed with right positive,

using the following equation:

and V_ is the forward groundspeed. To avoid a singularity in Equation 1, V, is limited to

be above the Hover Hold / TRC region 103.

[0030] When operating in the Ground-Coordinated Banked Turn (GCBT) envelope as
shown by region 107 in Figure 1, if both the lateral and directional controliers are in
detent, lateral control law logic will hold crab angle through the Lat CRAB 709 loop. If
operating in the CVFT envelope, but not in the GCBT envelope, and the lateral and
directional controllers are in detent, the control logic will hold sideward groundspeed
constant with the Lat_SPD 707 loop. When operating at higher airspeeds with lateral
and directional controllers in detent, the control logic will hold heading constant with the
Lat_ HDG 711 loop. When the pilot moves the lateral controller out of detent in any of
these cases, the control laws can command either roll attitude (Lat_ATT 705) or roll rate
(Lat_RATE 703).
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[0031] Referring now to Figure 8 in the drawings, architecture 801 comprises one or
more directional control laws operably associated with sensors 603, logic 611,
commands 613, and actuators 615. The directional control laws include: directional
control of yaw rate, represented as block 803 “Dir_RATE”; directional control of
heading, represented as block 805 “Dir HDG”; and, directional turn coordination,
represented as block 807 “Dir_TC”

[0032] Since yaw rate is the fastest directional state, Dir_RATE 803 is the inner loop of
the directional control laws. This loop is fed by the Dir HDG 805 loop to control aircraft
heading at lower speeds. Unlike traditional control law designs, this invention includes
an additional loop, paraliel to the Dir_HDG 805 loop, to feed the Dir_RATE 803 inner
loop. The Dir_TC 807 loop is used to coordinate banked turns throughout the flight

envelope.

[0033] In the GCBT envelope 107 shown in Figure 1, the Dir_TC 807 loop will control
crab angle during banked turns. With no directional input, the Dir_TC 807 loop will hold
crab angle at zero. Any directional control inputs during a GCBT will result in a change
in crab angle in the appropriate direction. Additionally, if the aircraft is in the GCBT
envelope, but above the CVFT envelope, directional controller inputs will command
changes in crab angle through the Dir_TC 807 loop even in non-turning flight. In this
case, once the directional controller is returned to detent, heading hold will be re-
engaged (Dir_HDG 805 loop) and the crab angle will be held though the Lat CRAB 709

loop.

[0034] VVhen in the BCBT envelope, the Dir_TC 807 loop will automatically adjust yaw
rate based on actual bank angle, true airspeed, and lateral acceleration in order to keep
the slip ball centered. Any directional controller inputs in the BCBT envelope will
command a change in lateral acceleration, which will subsequently result in sideslip
away from the pedal input. Pedal inputs will also result in a slight roll in the direction of

the input to provide lateral stability.

[0035] In the absence of lateral or directional control inputs while operating in either

the GCBT or CVFT envelopes, the directional axis will hold heading through the
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Dir_ HDG 805 loop. If the pilot moves the directional controller out of detent in the CVFT
envelope with both the lateral and longitudinal controllers in detent, the directional
control laws will command a yaw rate through the Dir_RATE 803 loop. In this case, the
control laws will maintain a constant ground vector by using the Long_SPD 605 and
Lat SPD 707 loops.

[0036] During the CVFT, when the directional controller is first moved out of detent,
the control laws will capture the aircraft's current groundspeed in the earth axis
coordinate system. The control laws keep track of the difference between the aircraft’s
actual groundspeed and the captured groundspeed. This relative groundspeed
difference is converted from the earth axis to the aircraft's body axis using the following

equations:

AVx = Aanorlh ‘Cosy + Arfeast -sin 14 (2)

AV, =AV,

east

cosy ~ AV, sy (3)

[0037] where AV, is the groundspeed difference in the body axis forward direction,
AV, is the groundspeed difference in the body axis sideward direction with right

positive, AV, . is the groundspeed difference in the earth axis north direction, AV, , is

east

the groundspeed difference in the earth axis east direction, and y is the aircraft
heading. The values for AV, and AV, are then used in the Long SPD 605 and

Lat_SPD 707 blocks respectively to command the pitch and roll attitudes needed to

minimize the relative groundspeed difference during the flat turn.

[0038] Referring now to Figure 9 in the drawings, control law logic 901 for the CVPT
mode is shown. Control law logic 901 comprises one or more of latch 903, latch 905,
and latch 907 adapted to control when a mode is turned on or off. If the reset conditions
are met, then the mode will always be off. If the reset conditions are not met, then the
mode will be latched on when the set conditions are met. The CVPT mode will be reset

whenever lateral speed hold, depicted as block 909 “Lat SPD_ON” or a longitudinal
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speed hold, depicted as block 911 “Long_SPD_ON” are not on and will be set when the

directional controller is out of detent.

[0039] Both longitudinal latch 205 and lateral speed hold latch 907 will be reset when
their respective controller is out of detent. Additionally, the lateral speed hold latch 207
will be reset when the banked turn (Bank_Turn_ON) or crab hold (Crab_ON) modes are
on, or if forward speed exceeds the CVPT threshold (typically around 35 KGS). The
longitudinal and lateral speed hold latches will be set when their respective acceleration

falls below the acceleration threshold (typically around 2 ft/sec?).

[0040] Referring now to Figure 10 in the drawings, a control law flow chart 1001 for a
CVFT is presented. When the directional controller is initially moved out of detent, the
CVPT mode will be engaged. The longitudinal and lateral speed hold blocks
(Long_SPD 605 and Lat SPD 707) will be reinitialized to feedback the relative
groundspeed differences calculated in equations 2 and 3. Once the directional
controller is returned to detent following the CVFT, directional control laws will hold
heading by re-engaging the Dir HDG 805 loop. The longitudinal and lateral axes will
continue to hold a constant ground vector until the pilot commands a change by moving
either the longitudinal or lateral controiler out of detent. This design enables the pilot to
command and hold any crab angle around the 360 degree circle, while the aircraft
continues to move across the ground on a constant vector. As shown, when the pedal
stops, if the crab angle equals 0 degrees, then aircraft 201 travels in pure forward flight;
if the crab angle is 90 degrees, aircraft 201 travels in pure right side flight; if the crab
angle is 180 degrees, then aircraft 201 travels in pure aft flight; and, if the crab angle is

270 degrees, then aircraft 201 travels in pure left sideward flight.

[0041] The particular embodiments disclosed above are illustrative only, as the
invention may be modified and practiced in different but equivalent manners apparent to
those skilled in the art having the benefit of the teachings herein. It is therefore evident
that the particular embodiments disclosed above may be altered or modified, and all
such variations are considered within the scope and spirit of the invention. Accordingly,

the protection sought herein is as set forth in the description. It is apparent that an

Specification
Attorney Docket No. 0837RF-H793-C
Page 13

Page 166 of 181



invention with significant advantages has been described and illustrated. Although the
present invention is shown in a limited number of forms, it is not limited to just these

forms, but is amenable to various changes and modifications without departing from the

spirit thereof.
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What is claimed is:

1. A control system for an aircraft, comprising:

a lateral control architecture configured to control lateral motion of the aircraft;
and

a longitudinal control architecture configured to control longitudinal motion of the
aircréft;

wherein the control system utilizes the lateral control architecture and the
longitudinal control architecture to control yaw movement of the aircraft while the aircraft

maintains a constant vector heading across a ground surface.

2. The control system of claim 1, wherein the control system is operably associated

with a directional controller manually manipulated by a pilot.

3. The control system of claim 2, further comprising:
a directional control architecture, having:
a directional heading control loop;
a directional turn coordination control loop; and

a directional yaw rate control loop.

4. The control system of claim 3, further comprising:

a directional control latch in data communication with the directional control
architecture;

wherein, as the directional controller is moved out of a detent position, the

directional control latch activates a constant vector flat turn motion.

5. The control system of claim 1, the lateral control architecture comprising:
a lateral sideward groundspeed control loop;
a lateral roll attitude control loop; and

a lateral roll rate control loop.
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6. The control system of claim 5, further comprising:

a lateral controller carried by the aircraft, the lateral controller being manipulated
by a pilot controlling the aircraft, the lateral controller creating a lateral command in data
communication with the lateral sideward groundspeed control loop, the lateral roll

attitude control loop, and the lateral roll rate control loop.

7. The control system of claim 6, further comprising:
a lateral control hatch in data communication with the control system;
wherein, as the lateral controller is moved out of a detent position, the lateral

control latch resets a lateral speed hold.

8. The control system of claim 1, the longitudinal control architecture comprising:
a longitudinal forward speed control loop;
a longitudinal pitch angle control loop; and

a longitudinal pitch rate control loop.

9. The control system of claim 8, the longitudinal control architecture further
comprising:

a longitudinal controller carried by the aircraft, the longitudinal controller being
manipulated by a pilot controlling the aircraft, the longitudinal controller creating a
longitudinal command in data communication with the longitudinal forward speed control
loop, the longitudinal pitch angle control lcop, and the longitudinal pitch rate control
loop.

10.  The control system of claim 9, further comprising:
a longitudinal control hatch in data communication with the control system;
wherein, as the longitudinal controller is moved out of a detent position, the

longitudinal control latch resets a longitudinal speed hold.
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11. A method, comprising:
sensing a directional movement of a aircraft;
determining lateral and longitudinal movements of the aircraft; and
selectively controlling flat yaw movement of the aircraft while maintaining a

constant vector flat turn relative to a ground surface.

12.  The method of claim 11, the method further comprising:
commanding the flat yaw movement with a directional controller manipulated by

a pilot controlling the aircraft.

13.  The method of claim 12, wherein controlling the flat yaw movement comprises:
communicating data through a directional heading control loop;
communicating data through a directional turn coordination control loop; and

communicating data through a directional yaw rate control loop.

14.  The method of claim 12, further comprising:
activating the constant vector flat turn with a directional control latch as the

directional controller is moved out of a detent position.

156.  The method of claim 11, wherein determining lateral movements is achieved
through the method comprising:

communicating lateral motion data through a lateral sideward groundspeed
control loop,;

communicating lateral motion data through a lateral roll attitude control loop; and

communicating lateral motion data through a lateral roll rate control loop.

16.  The method of claim 11, further comprising:
controlling lateral movement with a lateral controller manipulated by a pilot

controlling the aircraft.
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17.  The aircraft of claim 16, further comprising:
resetting a lateral speed hold with a lateral control hatch as the lateral controller

is moved out of a detent position.

18.  The method of claim 17, wherein controlling longitudinal movement includes the
method comprising:

communicating longitudinal motion data through a longitudinal forward speed
control loop;

communicating longitudinal motion data through a longitudinal pitch angle control
loop; and '

communicating longitudinal motion data through a longitudinal pitch rate control

loop.

19.  The aircraft of claim 11, further comprising:
controlling longitudinal movement with a longitudinal controller manipulated by a

pilot controlling the aircraft.

20.  The aircraft of claim 19, further comprising:
resetting a longitudinal speed hold with a longitudinal control hatch as the

longitudinal controller is moved out of a detent position.
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ABSTRACT

An aircraft and method to control flat yawing turns of the aircraft while maintaining
a constant vector heading across a ground surface. The aircraft includes a control
system in data communication with a model, a lateral control architecture, a longitudinal
control architecture, and an initialization command logic. The model decouples the
directional movement of the aircraft into a lateral equation of motion and a longitudinal
equation of motion. The lateral control architecture utilizes the lateral equation of
motion to control the aircraft in the lateral direction, while the longitudinal control
architecture utilizes the longitudinal equation of motion to control the aircraft in the
longitudinal direction. The initialization command logic selectively activates the lateral

control architecture and the longitudinal control architecture.
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