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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.USpLo.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
16/983,657 12/27/2022 11538349 H215046-US 4104
10786 7590 12/07/2022
HONEYWELL/BROOKS

Intellectual Property Services Group
855 S. Mint Street
Charlotte, NC 28202

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 333 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 Patents Stakeholder Experience (OPSE),
Stakeholder Support Division (SSD) at (571)-272-4200.

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

Rajesh V. Poojary, Bangalore, INDIA;
Raghu Seelamonthula, Bangalore, INDIA;
Vinay Sridhara Murthy, Bangalore, INDIA;
Manuj Sharma, Bangalore, INDIA;

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

Honeywell International Inc., Morris Plains, NJ;

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

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

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

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

10786 7590 09/01/2022 Certificate of Mailing or Transmission

HONEYWELL/BROOKS I hereby certify that this Fee(s) Transmittal is being deposited with the United
B States Postal Service with sufficient postage for first class mail in an envelope
Intellectual Property Services Group addressed to the Mail Stop ISSUE FEE address above, or being transmitted to
855 S. Mint Street the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.
Charlotte, NC 28202 Alexander Marquardt (Typed or printed name)
/Alexander Marquardt/ (Signature)
November 29, 2022 (Date)
I APPLICATION NO. I FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

16/983,657 08/03/2020 Rajesh V. Poojary H215046-US 4104

TITLE OF INVENTION: MULTI-SENSOR DATA FUSION-BASED AIRCRAFT DETECTION, TRACKING, AND DOCKING

| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE I PUBLICATION FEE DUE | PREV. PAID ISSUE FEE l TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 12/01/2022
I EXAMINER | ART UNIT | CLASS-SUBCLASS |
WONG, YUEN H 3667 701-003000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1363). (1) The names of up to 3 registered patent attorneys

1 Brooks, Cameron & Huebsch, PLLC

or agents OR, alternatively,

(2) The name of a single firm (having as a member a
registered attorney or agent) and the names of up to
2 registered patent attorneys or agents. If no name is
listed, no name will be printed. 3 Minneapolis, MN 55403

] Change of correspondence address (or Change of Correspondence

Address form PTO/AIA/122 or PTO/SB/122) attached. 2 1201 Marquette Ave. S. Ste. 400

[) "Fee Address" indication (or "Fee Address" Indication form PTO/
AIA/47 or PTO/SB/A7; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.

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

w

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

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Honeywell International Inc. Charlotte, NC, U.S.A.

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

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

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

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

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

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

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

NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro

entity status, as applicable.

a Applicant certifying micro entity status. See 37 CFR 1.29

] Applicant asserting small entity status. See 37 CFR 1.27

] Applicant changing to regular undiscounted fee status.

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

Authorized Signature __/Mark R. Berger/ Date November 29, 2022
Typed or printed name Mark R. Berger Registration No. 62556
Page 2 of 3
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Electronic Patent Application Fee Transmittal

Application Number:

16983657

Filing Date:

03-Aug-2020

Title of Invention:

DOCKING

MULTI-SENSOR DATA FUSION-BASED AIRCRAFT DETECTION, TRACKING, AND

First Named Inventor/Applicant Name:

Rajesh V. Poojary

Filer:

Mark R. Berger/Alexander Marquardt

Attorney Docket Number:

H215046-US

Filed as Large Entity

Filing Fees for Utility under 35 USC 111(a)

Description

Fee Code Quantity

Amount

Sub-Total in
UsD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

UTILITY APPL ISSUE FEE

1501 1

1200 1200
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Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Extension-of-Time:

Miscellaneous:

Total in USD ($)

1200

Ex. 1002 - ADB Safegate et al.
ADB Safegate et al. v. Honeywell International Inc. - PGR2023-00053

Page 5



Electronic Acknowledgement Receipt

EFS ID: 47102534
Application Number: 16983657
International Application Number:
Confirmation Number: 4104

Title of Invention:

MULTI-SENSOR DATA FUSION-BASED AIRCRAFT DETECTION, TRACKING, AND
DOCKING

First Named Inventor/Applicant Name:

Rajesh V. Poojary

Customer Number:

10786

Filer:

Mark R. Berger/Alexander Marquardt

Filer Authorized By:

Mark R. Berger

Attorney Docket Number: H215046-US
Receipt Date: 29-NOV-2022
Filing Date: 03-AUG-2020
Time Stamp: 09:52:51

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes

Payment Type EFT

Payment was successfully received in RAM $1200

RAM confirmation Number E2022AS053314387

Deposit Account

Authorized User

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

Document sl . File Size(Bytes)/ Multi Pages
Document Description File Name A . .
Number Message Digest | Part/.zip| (ifappl.)
161584
1 Issue Fee Payment (PTO-85B) 01048676.PDF no 1
7e0fb7d7a703f4794228caB4c6b73d442cd
53a86
Warnings:
Information:
38291
2 Fee Worksheet (SB06) fee-info.pdf no 2
fe6164551faBb2fd988a2c4765fc431139327 |
64
Warnings:
Information:
Total Files Size (in bytes):i 199875

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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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpLo.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

I EXAMINER |
10786 7590 09/01/2022
HONEYWELL/BROOKS WONG, YUEN H
Intellectual Property Services Group
855 S. Mint Street | ART UNIT PAPER NUMBER |
Charlotte, NC 28202 3667
DATE MAILED: 09/01/2022
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. |  CONFIRMATION NO.
16/983,657 08/03/2020 Rajesh V. Poojary H215046-US 4104

TITLE OF INVENTION: MULTI-SENSOR DATA FUSION-BASED AIRCRAFT DETECTION, TRACKING, AND DOCKING

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

nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 12/01/2022

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. If an equivalent of Part B is filed, a request to reapply a previously paid issue fee must be
clearly made, and delays in processing may occur due to the difficulty in recognizing the paper as an equivalent of Part B.

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

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

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

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

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

further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as indicated unless corrected

below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for maintenance fee notifications.
Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

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

10786 7590 09/01/2022 Certificate of Mailing or Transmission
HONEYWELL/BROOKS I hereby certify that this Fee(s) Transmittal is being deposited with the United
i States Postal Service with sufficient postage for first class mail in an envelope
Intellectual Property Services Group addressed to the Mail Stop ISSUE FEE address above, or being transmitted to

855 S. Mint Street the USPTO via EFS-Web or by facsimile to (571) 273-2885, on the date below.

Charlotte, NC 28202 (Typed or printed name;
(Signature)
(Date
| APPLICATION NO. | FILING DATE | FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/983,657 08/03/2020 Rajesh V. Poojary H215046-US 4104
TITLE OF INVENTION: MULTI-SENSOR DATA FUSION-BASED AIRCRAFT DETECTION, TRACKING, AND DOCKING
| APPLN. TYPE | ENTITY STATUS | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE | TOTAL FEE(S) DUE | DATE DUE |
nonprovisional UNDISCOUNTED $1200 $0.00 $0.00 $1200 12/01/2022

| EXAMINER | ART UNIT | CLASS-SUBCLASS |
WONG, YUEN H 3667 701-003000
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) The names of up to 3 registered patent attorneys
or agents OR, alternatively, 1

1 Change of correspondence address (or Change of Correspondence

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

registered attorney or agent) and the names of up to 2
0- e .\ e 2 registered patent attorneys or agents. If no name is
Fee Address" indication (or "Fee Address" Indication form PTO/ listed, no name will be printed.
AIA/47 or PTO/SB/47; Rev 03-02 or more recent) attached. Use of a
Customer Number is required.
. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)
PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document must have been previously
recorded, or filed for recordation, as set forth in 37 CFR 3.11 and 37 CFR 3.81(a). Completion of this form is NOT a substitute for filing an assignment.

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

o)

w

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

4a. Fees submitted: [J1ssue Fee [JPublication Fee (if required) [JAdvance Order - # of Copies
4b. Method of Payment: (Please first reapply any previously paid fee shown above)
[ Electronic Payment via EFS-Web [ Enclosed check [ Non-electronic payment by credit card (Attach form PTO-2038)

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

5. Change in Entity Status (from status indicated above)
. . . . NOTE: Absent a valid certification of Micro Entity Status (see forms PTO/SB/15A and 15B), issue
. Applicant certifying micro entity status. See 37 CFR 1.29 fee payment in the micro entity amount will not be accepted at the risk of application abandonment.
NOTE: If the application was previously under micro entity status, checking this box will be taken
to be a notification of loss of entitlement to micro entity status.
NOTE: Checking this box will be taken to be a notification of loss of entitlement to small or micro
entity status, as applicable.

1 Applicant asserting small entity status. See 37 CFR 1.27

1 Applicant changing to regular undiscounted fee status.

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

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

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpLo.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |
16/983,657 08/03/2020 Rajesh V. Poojary H215046-US 4104
I EXAMINER |
10786 7590 09/01/2022
HONEYWELL/BROOKS WONG, YUEN H
Intellectual Property Services Group
855 S. Mint Street | ART UNIT PAPER NUMBER |
Charlotte, NC 28202 3667

DATE MAILED: 09/01/2022

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

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

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

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

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

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

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

Privacy Act Statement

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

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

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

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

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

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

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

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

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

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

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

Ex. 1002 - ADB Safegate et al.
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Application No. Applicant(s)
. . 16/983,657 Poojary et al.
Notice of Allowability Examiner Art Unit AlA (FITF) Status
YUEN WONG 3667 Yes

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

All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included

herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1.} This communication is responsive to 8/3/2020.
[J A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .

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

3.} The allowed claim(s) is/are 1-20 . As a result of the allowed claim(s), you may be eligible to benefit from the Patent Prosecution
Highway program at a participating intellectual property office for the corresponding application. For more information, please see
http://www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.

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

a) Al b) (J Some* ¢) [J None of the:

1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. .
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received:

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

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

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

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

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

Attachment(s)
1.[¥) Notice of References Cited (PTO-892)

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

3.0J Examiner's Comment Regarding Requirement for Deposit 7. Other .
of Biological Material

4. Interview Summary (PTO-413),
Paper No./Mail Date. 8/25/2022.
/YUEN WONG/

Primary Examiner, Art Unit 3667

5. Examiner's Amendment/Comment

U.S. Patent and Trademark Office
PTOL-37 (Rev. 08-13)

Notice of Allowability Part of Paper No./Mail Date 20220825
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Application/Control Number: 16/983,657 Page 2
Art Unit: 3667

The present application, filed on or after March 16, 2013, is being examined under the
first inventor to file provisions of the AlA.
EXAMINER’S AMENDMENT
I.An examiner's amendment to the record appears below. Should the changes and/or

additions be unacceptable to applicant, an amendment may be filed as provided by 37
CFR 1.312. To ensure consideration of such an amendment, it MUST be submitted no
later than the payment of the issue fee.

. Authorization for this examiner's amendment was given in a telephone interview with
Mark Berger on 25 August 2022.

[Il.The application has been amended as follows:
1. (Currently amended) A method for tracking an aircraft, comprising:

receiving camera image data of [[an]] the aircraft while the aircraft is approaching

orinthe a ramp area for parking the aircraft on an airside of an airport;

receiving HHBAR/Radar Light Detection And Ranging (LIDAR) or RAdio Detection

And Ranging (RADAR) sensor data of [[an]] the aircraft while the aircraft is approaching

oria the ramp area;

merging the camera image data and the HIBAR/RadarLIDAR/RADAR-sensor
data into a merged data set; and

wherein the merged data set includes at least one of: data for determining the
position and orientation of the aircraft relative to the position and orientation of the ramp
area, data for determining speed of the aircraft, data for determining direction of the

aircraft, data for determining proximity of the aircraft to a particular object within the

Ex. 1002 - ADB Safegate et al.
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ramp area, and data for forming a three dimensional virtual model of at least a portion of
the aircraft from the merged data; and

displaying messages to provide directional and speed guidance to a pilot with the

merged data set.
2. (Currently amended) The method of claim 1, wherein-the-method-includes further
comprising:

comparing the three dimensional virtual model to one or more aircraft reference
models stored in memory of a computing device to find a match between the three
dimensional virtual model and one of the aircraft reference models to determine an
aircraft type.
3. (Currently amended) The method of claim [[1]] 2, wherein-the-method-includes further
gomprising:

comparing the determined aircraft type with an aircraft type provided in gate
arrival information to determine that the aircraft type that is approaching or in the ramp
area is [[the]] a correct aircraft type.
4. (Currently amended) The method of claim 1, whereinthe-method-ncludes further
comprising:

scanning the aircraft with a HHBAR/Radar LIDAR/RADAR sensor with a sweep of
the LIBAR/Radar LIDAR/RADAR across the aircraft in at least one of a horizontal or
vertical direction or both.

5. (Currently amended) The method of claim 4, wherein-the-method-includes further

comprising:

Ex. 1002 - ADB Safegate et al.
ADB Safegate et al. v. Honeywell International Inc. - PGR2023-00053

Page 14



Application/Control Number: 16/983,657 Page 4
Art Unit: 3667

comparing the camera image data and the LiBAR/Radar LIDAR/RADAR sensor
data to identify that [[an]] the aircraft is present in both the camera image data and
the LIBAR/Radar LIDAR/RADAR sensor data.
6. (Currently amended) The method of claim 1, wherein the a gate arrival information
is received from an airport computing system.
7. (Currently amended) The method of claim 1, wherein-the-method-includes further
comprising:

comparing the camera image data and the HIBAR/Radar LIDAR/RADAR sensor
data to identify that [[an]] the aircraft is present in both the camera image data and
the HHBDAR/Radar LIDAR/RADAR sensor data before merging the camera image data
and the LHIBAR/Radar LIDAR/RADAR sensor data.
8. (Original) The method of claim 1, wherein the data for determining proximity of the
aircraft to a particular object within the ramp area include data for determining proximity
of the aircraft to a stop point.
9. (Original) The method of claim 1, wherein the data for determining proximity of the
aircraft to a particular object within the ramp area include data for determining proximity
of the aircraft to a piece of equipment on a ramp area tarmac surface.
10. (Currently amended) A method for tracking an aircraft, comprising:

receiving camera image data of [[an]] the aircraft while the aircraft is approaching

orinthe a ramp area for parking the aircraft on an airside of an airport;

determining a portion of the camera image data associated with the aircraft:

Ex. 1002 - ADB Safegate et al.
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receiving HBAR/RADAR-LIght Detection And Ranging (LIDAR) or RAdio

Detection And Ranging (RADAR) sensor data of [[an]] the aircraft while the aircraft

is approaching e+ the ramp area;

determining a portion of the LIBAR/Radar LIDAR/RADAR sensor data
associated with the aircraft:

merging the camera image data and the LIDAR/Radar LIDAR/RADAR sensor
data associated with the aircraft into a merged data set; and

wherein the merged data set includes at least one of: data for determining the
position and orientation of the aircraft relative to the position and orientation of the ramp
area, data for determining speed of the aircraft, data for determining direction of the
aircraft, data for determining proximity of the aircraft to a particular object within the
ramp area, and data for forming a three dimensional virtual model of at least a portion of
the aircraft from the merged data; and

displaying messages to provide directional and speed guidance to a pilot with the

merged data set.
11. (Currently amended) The method of claim 10, whereinthe-method-neludes further
comprising:

comparing the three dimensional virtual model to one or more aircraft reference
models to find a match between the three dimensional virtual model and one of the
aircraft reference models to determine an aircraft type.
12. (Original) The method of claim 11, wherein comparing the three dimensional virtual
model to one or more aircraft reference models includes comparing at least one of:

wing edge to nose end distance;

Ex. 1002 - ADB Safegate et al.
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tail tip height;

number of windows;

position of windows;

size of windows:

number of pilot windows;
position of pilot windows;
number of engines;

engine cowl type;

engine cowl size;

fuselage length;

number of windows in fuselage;
wing span size;

height of the nose from ground;
position of engines; and

nose dimensions.

Page 6

13. (Currently amended) The method of claim 10, wherein-the-method-includes further

comprising:

sending at least the determined speed and direction to a ramp docking

system controller device.

14. (Currently amended) The method of claim 13, whereinthe-method-includes-alse

further comprising:

sending at least the determined position and orientation to the ramp docking

system controller device.
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15. (Currently amended) The method of claim 10, whereinthe-method-includes further
sending at least the determined position and orientation to a ramp docking
system controller device.
16. (Currently amended) The method of claim 10, wherein-the-method-includes further
comprising:
sending at least one of the determined speed, direction, position, and orientation
to a pilot unit computing device on the aircratft.
17. (Currently amended) The method of claim 10, whereinthe-methodincludes further
sending at least one of the determined speed, direction, position, and orientation
to a passenger computing device on the aircraft.
18. (Currently amended) A system for tracking an aircraft, comprising:
a camera image sensor for capturing camera image data of [[an]] the aircraft

while the aircraft is approaching erirthe a ramp area for parking the aircraft on an

airside of an airport;

a computing device having memory associated therewith for receiving the
camera image data from the camera image sensor;

a LIDAR/BADAR-LIght Detection And Ranging (LIDAR) or RAdio Detection And

Ranging (RADAR) sensor for capturing HIDAR/Radar LIDAR/RADAR sensor data of

[[an]] the aircraft while the aircraft is approaching erin the ramp area;

Ex. 1002 - ADB Safegate et al.
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the computing device for receiving the HIBAR/Radar LIDAR/RADAR sensor data
and merging the camera image data and the HIDAR/Radar LIDAR/RADAR sensor
data associated with the aircraft into a merged data set; and

wherein the merged data set includes at least one of: data for determining the
position and orientation of the aircraft relative to the position and orientation of the ramp
area, data for determining speed of the aircraft, data for determining direction of the
aircraft, data for determining proximity of the aircraft to a particular object within the
ramp area, and data for forming a three dimensional virtual model of at least a portion of
the aircraft from the merged data; and

the computing device for displaying messages to provide directional and speed

quidance to a pilot with the merged data set.

19. (Currently amended) The eemputing-device system of claim 18, wherein the
LHIDAR/Radar LIDAR/RADAR sensor data is analyzed using a point cloud process to
correlate points in the HIBAR/Radar LIDAR/RADAR sensor data to points in the camera
image data.
20. (Currently amended) The cermputing-deviee system of claim 18, wherein the
computing device analyzes the camera image data to identify that [[an]] the aircraft is
approaching exin the ramp area.
ALLOWABLE SUBJECT MATTER

IV.Claims 1-20 are pending and allowed. Claims 1-7, 10-11, and 13-20 are currently

amended.

V.The following is an examiner’s statement of reasons for allowance:
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The closest prior art of Papageorgiou et al. US 2017/0178520 A1 teaches
systems and methods for on-ground vehicle collision avoidance utilizing shared vehicle
hazard sensor data. In one embodiment, a system comprises: a ground based hazard
data aggregation system comprising at least one memory storing a hazard position
database; and at least one vehicle-ground communications electronics system coupled
to the aggregation system; wherein the aggregation system is communicatively coupled
to an onboard ground hazard collision avoidance system of at least a first on-ground
subscriber vehicle through a wireless datalink established via the vehicle-ground
communications electronics system; wherein the hazard position database stores
vehicle collected hazard position data generated by a first on-ground contributing
vehicle; and wherein the ground based hazard data aggregation system transmits to the
first on-ground subscriber vehicle aggregated hazard position data from the hazard
position database, the aggregated hazard position data including the vehicle collected
hazard position data generated by the first on-ground contributing vehicle.

In regarding to independent claims 1, 10, and 18, Papageorgiou taken either
individually or in combination with other prior art of record fails to teach or render
obvious a method and system comprising: receiving camera image data of the aircraft
while the aircraft is approaching a ramp area for parking the aircraft on an airside of an
airport; receiving LIght Detection And Ranging (LIDAR) or RAdio Detection And
Ranging (RADAR) sensor data of the aircraft while the aircraft is approaching or in the
ramp area; merging the camera image data and the LIDAR/RADAR sensor data into a
merged data set; and wherein the merged data set includes at least one of: data

for determining the position and orientation of the aircraft relative to the position and
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orientation of the ramp area, data for determining speed of the aircraft, data for
determining direction of the aircraft, data for determining proximity of the aircraft to a
particular object within the ramp area, and data for forming a three dimensional virtual
model of at least a portion of the aircraft from the merged data; and displaying
messages to provide directional and speed guidance to a pilot with the merged data set.

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

Inquiry

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to YUEN WONG whose telephone number is (313)446-
4851. The examiner can normally be reached on M-F 9-5:30.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Faris Almatrahi, can be reached on (313)446-4821. The fax phone number
for the organization where this application or proceeding is assigned is 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). If you would like assistance from a

Ex. 1002 - ADB Safegate et al.
ADB Safegate et al. v. Honeywell International Inc. - PGR2023-00053
Page 21



Application/Control Number: 16/983,657 Page 11
Art Unit: 3667

USPTO Customer Service Representative or access to the automated information
system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

The fax phone numbers for the organization where this application or
proceedings is assigned are as follows:

(571)273-8300 (Official Communications: including After Final Communications
labeled “Box AF”)

(671)273-6705 (Draft Communications)

/YUEN WONG/
Primary Examiner, Art Unit 3667
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YUEN WONG Primary Examiner Telephonic
MARK BERGER Attorney of Record

Date of Interview: 25 August 2022

Issues Discussed:

35U.8.C. 101

Examiner suggests, in the interest of compact prosecution, to Applicant amend independent claims 1, 10
, and 18 to overcome 101 rejection by adding a display based on [0046]. Applicant indicated willingness
to consider the suggestion. No agreement has been reached.

Objections

Examiner suggested to Applicant amend the preamble of claims 19 and 20 from "the computing device"
to "The system". Applicant indicated willingness to consider the suggestion. No agreement has been
reached.

/YUEN WONG/
Primary Examiner, Art Unit 3667

Applicant is reminded that a complete written statement as to the substance of the interview must be made of record in
the application file. It is the applicants responsibility to provide the written statement, unless the interview was initiated
by the Examiner and the Examiner has indicated that a written summary will be provided. See MPEP 713.04

Please further see:

MPEP 713.04

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews, paragraph (b)

37 CFR § 1.2 Business to be transacted in writing

Applicant recordation instructions:it is not necessary for applicant to provide a separate record of the substance of interview.

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete
and proper recordation of the substance of an interview should include the items listed in MPEP 713.04 for complete
and proper recordation including the identification of the general thrust of each argument or issue discussed, a general
indication of any other pertinent matters discussed regarding patentability and the general results or outcome of the
interview, to include an indication as to whether or not agreement was reached on the issues raised.

U.S. Patent and Trademark Office
PTOL-413/413b (Rev. Oct. 2019) Interview Summary Paper No. 20220825
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an application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspections or an issued patent.
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enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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US-20150293225-A1
OR EP-3751302-A1 OR
CN-113853532-A OR
CN-101196565-B OR
CN-101196565-A).did.
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AT, BE, BG, BR, BY,
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AT, BE, BG, BR, BY,
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("10255520"|"20200180
783").PN.

(ramp terminal apron)
AND (aircraft airplane
plane) AND camera
AND (image picture)
AND lidar AND radar
AND (merg$3 fusion
combined) AND
(position speed
direction)

(356789 AND 10

(ramp terminal apron)
AND (aircraft airplane
plane) AND camera

NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

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

(US-PGPUB; USPAT:
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
CZ, DD, DE, DK, EA,
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IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, S, SK, SU, TH,
TN, TR, TW, UA, VN,
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USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
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IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
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WITH (image picture)
WITH lidar WITH radar
WITH (merg$3 fusion
combined) AND
(position speed
direction)

(ramp) AND (aircraft
airplane) AND camera
WITH (image picture)
WITH lidar WITH radar
WITH (merg$3 fusion
combined) AND
(position speed
direction)

(ramp) AND (aircraft
airplane) AND camera
AND (image picture)
AND lidar AND radar
AND (merg$3 fusion)
AND (position speed
direction)

(356789)AND 14

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

(US-PGPUB; USPAT;
USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
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IT, JP, KR, LT, LU, LV,
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NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
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USOCR; FIT (AP, AT,
AU, BE, BG, BR, BY,
CA, CH, CN, CS, CU,
Cz, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, MC, MD, MY, NL,
NO, NZ, OA, PH, PL,
PT, RO, RS, RU, SE,
SG, SI, SK, SU, TH,
TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)
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AU, BE, BG, BR, BY,
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L17

L18

L19

L20

17

37

Docking ADJ guidance
AND camera AND
(image picture) AND
lidar AND radar AND
(merg$3 fusion) AND
(position speed
direction)

Docking ADJ guidance
AND camera AND
(image picture) AND
lidar AND radar AND
(merg$3 fusion)

Docking ADJ guidance
AND camera AND
(image picture) AND
lidar AND radar

(Artificial Intelligence)
More Like:
CN-1103092-C

Text:

TN, TR, TW, UA, VN,
WO); FPRS; EPO;
JPO; DERWENT;
IBM_TDB)

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

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

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

(US-PGPUB; USPAT,
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(CN-1214139-A OR EE, EP, ES, FI, FR, GB,
WO-9732291-A1 OR HR, HU, ID, IE, IL, IS,
EP-0883873-A1 OR IT, JP, KR, LT, LU, LV,
KR-100351343-B1 OR |MA, OA, RU, SU, WO,
KR-19990087359-A OR |MC, MD, MY, NL, NO,
US-6282488-B1 OR NZ, PH, PL, PT, RO,
BR-9707716-A OR CA- |RS, SE, SG, SI, SK,
2248296-A1 OR EP- TH, TN, TR, TW, UA,
0883873-B1 OR PT- VN); FPRS; EPO;
883873-E OR ES- JPO; DERWENT,;
2141598-T3 OR KR- IBM_TDB)
20160007090-A OR
KR-0154603-B1 OR JP-
H08146130-A OR KR-
101656280-B1 OR KR-
101650905-B1 OR KR-
960018616-A OR KR-
102315546-B1 OR CN-
100474354-C OR CN-
101156189-A).did.
L21 13 (Visual ADJ Docking (US-PGPUB; USPAT; |OR ON ON 2022/08/23
ADJ guidance vdgs) USOCR; FIT (AU, AP, 11:49 PM
AND camera AND AT, BE, BG, BR, BY,
(image picture) AND CA,CH,CN, CS, CU,
lidar AND radar CZ, DD, DE, DK, EA,
EE, EP, ES, FI, FR, GB,
HR, HU, ID, IE, IL, IS,
IT, JP, KR, LT, LU, LV,
MA, OA, RU, SU, WO,
MC, MD, MY, NL, NO,
NZ, PH, PL, PT, RO,
RS, SE, SG, SI, SK,
TH, TN, TR, TW, UA,
VN); FPRS; EPO;
JPO; DERWENT,;
IBM_TDB)
PE2E SEARCH - Search History (Interference)
Ref # Hits Search Query DBs Default Plurals British Time Stamp
Operator Equivalents
N1 4 (ramp terminal (US-PGPUB; USPAT) |OR ON ON 2022/08/25
apron).clm. AND 11:01 PM
(aircraft airplane).cim.
AND camera.clm. AND
(image picture).clm.
AND lidar.cim. AND
radar.clm. AND
(merg$3 fusion
combined).cim. AND
(position speed
direction).clm.
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Description
Field of the invention

[0001] The presentinvention relates to an airport stand
arrangement. More specifically, the disclosure relates to
an airport stand arrangement configured to aid a pilot of
an approaching aircraft in maneuvering the aircraft to-
wards a parking position at the stand.

Background art

[0002] Safe and reliable docking of aircrafts to stands
at airports is today most often achieved by means of air-
craft stand arrangements, such as aircraft docking sys-
tems, arranged locally at the stands of the airport, where-
in each aircraft docking system is configured tc aid the
pilot, and sometimes also the ground crew, in receiving
the aircraft at the stand in a safe and reliable way. Often,
such aircraft stand arrangements comprise means for
establishing a position of the aircraft as it approaches the
stand, said means often being a remote sensing detec-
tion system, such as a laser scanning system. Typically,
the aircraft stand arrangements known in the art are con-
figured to analyze position data from the aircraft, and
potentially also other input parameters, and, based on
the parameters, determine pilot maneuvering guidance
information on a display of the aircraft stand arrange-
ments for aiding a pilot of the approaching aircraft in
maneuvering the aircraft towards a predetermined park-
ing position at the stand.

[0003] A challenge with existing arrangements is that
they often rely on optical sensing techniques which are
less accurate, or even not applicable, in low visibility
weather conditions, such as e.g. rain, fog or snow. More-
over, as atleast some remote sensing detection systems
rely on measuring and interpreting abackscattered signal
from the aircraft, the quality of the signal will depend on
the surface characteristics of the aircraft itself. Conven-
tional aircrafts most often comprise exterior surface parts
of steel, which provide an efficient backscattering. How-
ever, as there is an increasing use of non-metallic com-
posite materials in today’s aircrafts for weight reduction,
conventional aircraft docking systems may have difficulty
in detecting these planes with enough accuracy.

[0004] A further problem is that it is sometimes difficult
to detect enough surface of the aircraft for assessing air-
craftdata, such as position, dimensions, and aircraft type.
A specific challenge in this respect is to successfully de-
termine and track the angle of approach of the aircraft
with respect to the lead-in line of the stand. Also, spatial
resolution may be inadequate for successfully determin-
ing the aircraft type.

[0005] Thus, there is a need in the art for an improved
aircraft stand arrangement.
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Summary

[0006] It is an object to mitigate, alleviate or eliminate
one or more of the above-identified deficiencies in the
art and disadvantages singly or in any combination and
solve at least the above-mentioned problem. According
to a first aspect there is provided an airport stand ar-
rangement comprising:

a display;

a radar-based system; and

one or more additional systems selected from laser-
based systems and imaging systems,

wherein said radar-based system and said one or
more additional systems together form a combined
system,

wherein the airport stand arrangement is configured,
based on output data from said combined system,
to detect and track an aircraft within a stand area
when said aircraft is approaching a stand within the
stand area for parking at a parking position therein,
and configured, based on said detection and tracking
of the approaching aircraft, to provide pilot maneu-
vering guidance information on said display for aid-
ing a pilot of the approaching aircraftin maneuvering
the aircraft towards said parking position.

[0007] The airport stand arrangement may be advan-
tageous as it allows for combining more than one remote
sensing technique to detect and track the aircraft. As
each remote sensing technique has its specific strengths
and weaknesses, the proposed airport stand arrange-
ment may thus be more versatile in different situations.
Specifically, it provides a means for meeting the prob-
lems of the prior art systems. For example, the radar-
based system provides increased sensitivity in low visi-
bility conditions. Moreover, the radar-based system is
less sensitive to the composite materials of modern air-
crafts as radar signal backscattering is sufficiently strong
from these materials to result in a good signal-to-noise
ratio. Imaging systems provide an improved spatial res-
olution in good weather. Imaging systems also generally
provide a higher repetition rate for faster objects, and are
less expensive. As will be shown later, a further advan-
tage of the airport stand arrangement is that it allows
accurate detection and tracking of other objects present
in a stand area.

[0008] The airport stand arrangement may consist of
several interconnected units, wherein each unit may be
disposed atdifferentpositions at, or around the gate area.
However, the airport stand arrangement is disposed at
the stand area and is not configured to detect and track
aircrafts at other parts of the airport, such as e.g. the taxi
lines, orthe runways. The airport stand arrangement may
be an aircraft docking system.

[0009] The radar-based system is a remote sensing
detection system based on microwave electromagnetic
radiation. Such systems emit continuous or pulsed radar
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signals towards a target and capture and detect radar
pulses backscattered from the target. The radar system
may comprise a radar sensor of semi-conductor type.
For example, the radar sensor may be of the kind used
within the automotive industry. The radar sensor may
operate at 77 kHz.

[0010] The laser-based system is a remote sensing
detection system based on optical electromagnetic radi-
ation. Such systems emit continuous or pulsed laser ra-
diation towards a target and capture and detect laser
radiation backscattered from the target. The laser-based
system may comprise beam deflecting means for provid-
ing scanning capabilities. Such beam deflecting means
may be e.g. a scanning mirror arrangement.

[0011] The imaging system may comprise a camera
sensitive to optical or infrared radiation. The imaging sys-
tem may be used to capture the emission of natural ra-
diation from the target. However, it is also conceivable
that the camera is used to capture radiation emitted from
the target as a result from the laser-based system. Such
radiation may be scattered or reflected laser radiation,
fluorescence, phosphorescence and the like.

[0012] According to some embodiments, said one or
more additional systems are selected from laser-based
systems only.

[0013] According to some embodiments, said one or
more additional systems are selected from imaging sys-
tems only.

[0014] According to some embodiments, said one or
more additional systems comprise at least one laser-
based system and at least one image-based system.
[0015] The airport stand arrangement further compris-
es control means for controlling, and performing, said
detection and tracking. The control means may comprise
a separate control unit of the airport stand arrangement,
but may alternatively comprise several control units. For
example, each system of the combined system may com-
prise a respective control unit. It is readily realized by the
skilled person that many physical embodiments exist
within the scope of the claims.

[0016] Each system of the combined system provides
arespective coverage at the stand area. Preferably, the
respective coverages at least partially overlap each oth-
er. Itis however conceivable for some embodiments that
two or more of said respective coverages do not overlap
each other.

[0017] According to some embodiments, the airport
stand arrangement is configured to detect and track the
approachingaircraftbased on combined outputdata from
said radar-based system, on the one hand, and from said
one or more additional systems, on the other hand.
[0018] This may be advantageous as it allows for in-
creasing the overall accuracy of the detection and track-
ing. In some situations, one system of the combined sys-
tem may be more accurate than another one. The airport
stand arrangement may then predominately base its de-
tection and tracking on the output data from the most
accurate system. It is also conceivable that different sys-
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tems show a varying accuracy or sensitivity at different
spatial locations of the stand area, or different spatial
positions of the approaching aircraft. Thus, it is conceiv-
able that the detection and tracking is based on output
data from the two or more systems in different relative
weights dependent on spatial position. It is also conceiv-
able that the two or more systems have partly different
areas of coverage at the stand area. In such a case, it
may be possible to detect an aircraft with one system as
the aircraft enters the stand area, and then automatically
shift to another more accurate system when the aircraft
has entered the area of coverage of that system.
[0019] According to some embodiments, two or more
systems of the combined system are each distanced from
each other so as to, at each position in time, detect the
approaching aircraft using different collection angles.
[0020] This may be advantageous as it allows for ex-
tending the overall coverage of the airport stand arrange-
ment. For example, one system of the combined system
may be arranged to detect an approaching aircraft from
the side, and another system of the combined system
from the front. This may be especially advantageous for
providing output data that is more reliable for predicting
the angle of the approaching aircraft. At some airport
stands, the aircraft has to maneuver along a relatively
narrowly curved lead-in line for arriving at the stand. Such
stand areas may, preferably, be equipped with an aircraft
stand arrangement having such distanced systems of
the combined systems.

[0021] The radar-based system may be arranged so
as to emit radar radiation in a direction along the lead-in
line towards the approaching aircraft. This implies that
the radar-based system may be disposed at, or in a vi-
cinity of, the display.

[0022] According to some embodiments, the airport
stand arrangement is further configured to determine a
visibility based on output data from one or more of said
additional systems. Visibility may be determined using
the laser-based system. For example, the visibility may
be determined based on the ratio between backscattered
laser radiation and emitted laser radiation. Visibility may
altematively or additionally be determined using the im-
aging system. For example, the visibility may be deter-
mined by comparing different spatial regions of captured
images. Visibility may be based on output data from one
system of the combined system, but may alternatively be
based on output data from two or more systems of the
combined system. For example, a visibility could be de-
termined based on a weighted average of a respective
visibility determined by each system of the combined sys-
tem.

[0023] According to some embodiments, the airport
stand arrangement is configured, in response to said vis-
ibility being lower than a first visibility threshold, to detect
and track the approaching aircraft based on output data
from the radar based system.

[0024] This may be advantageous as it allows for re-
ducing the influence of visibility conditions on the accu-
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racy and sensitivity of the detection and tracking of the
airportstand arrangement. For example, the airport stand
arrangement may be configured to detect and track the
aircraft based on output data from a laser-based system
as a default setting, and, as a visibility is determined to
be lower than the first visibility threshold, switch from the
laser-based system to the radar-based system so as to,
instead, detect and track the aircraft based on output
data from the radar-based system.

[0025] According to socme embodiments, the airport
stand arrangement further comprises wireless transmit-
ting means, and wherein the airport stand arrangement
is configured, in response to said visibility being lower
than a second visibility threshold, lower than said first
visibility threshold, to wirelessly transmit, using the wire-
less transmitting means, a signal comprising said pilot
maneuvering guidance information to the approaching
aircraft.

[0026] This may be advantageous as it allows for park-
ing the aircraft at the parking position of the stand even
in visibility conditions severe enough for the pilot not be-
ing able to view the display. The signal may be received
by equipment installed within the aircraft and viewed on
a display in the cockpit of the aircraft. The signal may be
transmitted using the separate wireless transmitting
means. It is, however, also conceivable that the signal is
transmitted as a part of the radar signals emitted from
the radar-based system.

[0027] According to some embodiments, the airport
stand arrangement is further configured:

to, as a first determination step, determine whether
an aircraft is present or not at said parking position
based at least on output data from said one or more
additional systems, and

to, in response to a negative determination in said
first determination step and as a second determina-
tion step, determine whether an aircraft is present or
not at said parking position based on output data
from said radar-based system;

to transmit an aircraft-present-signal in response to
a positive determination in any of said first and sec-
ond determination steps; and

to transmit an aircraft-not-present-signal in response
to a negative determination in both of said first and
second determination steps.

[0028] The aircraft-present-signal and/or the aircraft-
not-present-signal may be transmitted to personnel op-
erating the airport stand arrangement at the stand. Alter-
natively, the aircraft-present-signal and/or the aircraft-
not-present-signal may be transmitted to an external sys-
tem, such as an airport operational database AODB in
communication with the airport stand arrangement.

[0029] This may be advantageous as it allows for de-
termining the occupancy of airport stands automatically,
also in bad weather conditions. For example, respective
airport stand arrangements of a plurality of stands at an
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airport may be connected to a central system, such as
an airport operational database AODB. The AODB may
query which stands are occupied at a specific time. It is
also conceivable that an airpert stand arrangement is
configured to determine if an aircraft is leaving, or ap-
proaching, a stand.

[0030] According to some embodiments, the airport
stand arrangement is further configured to determine, as
a third determination step, if a passenger bridge is in a
predetermined passenger bridge position based on out-
put data from the radar system. In response to a hegative
determination in the third determination step, the airport
stand arrangement may be configured to transmit a pas-
senger-bridge-incorrectly-positioned-signal. Inresponse
to anegative determination in the third determination step
the airport stand arrangement may be further configured
to provide further pilot maneuvering guidance informa-
tion instructing the pilot to stop the aircraft.

[0031] According to some embodiments, the airport
stand arrangement is further configured to detect and
track other objects within the stand area. The arrange-
ment may be further configured to detect and track said
other objects within the stand area in parallel with said
detection and tracking of the approaching aircraft during
said maneuvering of the approaching aircraft towards the
parking position.

[0032] Other objects may include any objects other
than the approaching aircraft. Typically, the other objects
belong to the ground support equipment GSE of the air-
port. Such equipmentincludes for example luggage train
tractors and dollies, food delivery trucks, refuelers and
transport buses. Other examples are chocks and aircraft
service stairs. However, the other objects are not limited
to ground support equipment. Thus, other objects may
forexample include a further aircraft accidentally entering
the stand area, luggage dropped at the stand area, or
even persons. Other objects may be stationary, or mov-
ing objects.

[0033] According to some embodiments, said arrange-
ment is further configured to predict if the approaching
aircraft is on a collision course with any of said other
objects, and, in response to a collision course being pre-
dicted, to provide further pilot maneuvering guidance in-
formation instructing the pilot to stop the aircraft.

[0034] According to some embodiments, said detec-
tion and tracking of said other objects is based on output
data from the radar-based system, and wherein said de-
tection and tracking of the approaching aircraft is based
on output data from said one or more additional systems.
[0035] This may be advantageous as it allows for au-
tomatically monitoring the stand area thus reducing the
risk of accidents at the stand. Monitoring the stand area
is sometimes referred to as an apron check. Typically,
the stand area is monitored manually, or by additional
surveillance systems not part of an airport stand arrange-
ment. Neither of these solutions provide a possibility of
automatically making decisions and informing the pilot
thereof. The disclosed airport stand arrangement may
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utilize the systems of the combined system to detectand
track not only the approaching aircraft, but also other
objects within the stand area. The detection and tracking
of the other objects may occur independently of the de-
tection and tracking of the approaching aircraft. In other
words, the detection and tracking of other objects may
occur before the approaching aircraft has entered the
stand area, and/or during the process of parking the air-
craft at the parking position, and/or during the time when
the aircraft is parked at the stand, and/or during the proc-
ess of the aircraft departing from the parking position at
the stand area etc.

[0036] According to a second aspect there is provided
a method for detecting and tracking an aircraft within a
stand area when said aircraft is approaching a stand with-
in the stand area for parking at a parking position therein,
wherein said detection and tracking is based on output
data from a radar-based system; and one or more addi-
tional systems selected from laser-based systems and
imaging systems, the method comprising:

determining a visibility based on output data from
one or more of said one or more additional systems,
in response to said visibility being lower than a first
visibility threshold:

detecting and tracking the approaching aircraft
based on output data from said radar based system.

[0037] According to some embodiments the method
further comprises:

in response to said visibility being higher than the first
visibility threshold:

detecting and tracking the approaching aircraft based on
output data from one or more of said one or more addi-
tional systems.

[0038] According to some embodiments, the method
further comprises:

providing, based on said detection and tracking of the
approaching aircraft, pilot maneuvering guidance infor-
mation on a display for aiding a pilot of the approaching
aircraft in maneuvering the aircraft towards said parking
position.

[0039] According to some embodiments, the method
further comprises:

in response to said visibility being lower than a second
visibility threshold, lower than said first visibility threshold:
wirelessly transmitting a signal comprising said pilot
maneuvering guidance information to the approaching
aircraft.

[0040] According to a third aspect there is provided a
computer-readable medium comprising computer code
instructions which when executed by a device having
processing capability are adapted to perform the method
according to the second aspect.

[0041] Effects and features of the second and third as-
pects are largely analogous to those described above in
connection with the first aspect. Embodiments men-
tioned in relation to the first aspect are largely compatible
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with the second aspect and third aspects. It is further
noted that the inventive concepts relate to all possible
combinations of features unless explicitly stated other-
wise.

[0042] A further scope of applicability of the present
invention willbecome apparent from the detailed descrip-
tion given below. However, it should be understood that
the detailed description and specific examples, while in-
dicating preferred embodiments of the invention, are giv-
en by way of illustration only, since various changes and
modifications within the scope of the invention will be-
come apparent to those skilled in the art from this detailed
description.

[0043] Hence, itis to be understood that this invention
is not limited to the particular component parts of the
device described or steps of the methods described as
such device and method may vary. Itis also to be under-
stood that the terminology used herein is for purpose of
describing particular embodiments only, and is not in-
tended to be limiting. It must be noted that, as used in
the specification and the appended claim, the articles "a",
"an", "the", and "said" are intended to mean that there
are one ormore of the elements unless the context clearly
dictates otherwise. Thus, for example, reference to "a
unit" or "the unit" may include several devices, and the
like. Furthermore, the words "comprising”, "including"”,
"containing" and similar wordings does not exclude other
elements or steps.

Brief descriptions of the drawings

[0044] The invention will by way of example be de-
scribed in more detail with reference to the appended
schematic drawings, which shows presently preferred
embodiments of the invention.

Figure 1 is a top view of the airport stand arrange-
ment at a stand area according to an embodiment
of the present disclosure.

Figure 2 is a top view of the airport stand arrange-
ment at a stand area according to another embodi-
ment of the present disclosure.

Figure 3 is a top view of the airport stand arrange-
ment at a stand area according to yet another em-
bodiment of the present disclosure.

Figure 4 is a flow chart illustrating a functionality of
the airport stand arrangement according to embod-
iments of the present disclosure.

Figure 5 is a flow chart illustrating ancther function-
ality of the airport stand arrangement according to
embodiments of the present disclosure.

Detailed description

[0045] The present invention will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which currently preferred embodiments
of the invention are shown. This invention may, however,
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be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein;
rather, these embodiments are provided for thorough-
ness and completeness, and fully convey the scope of
the invention to the skilled person.

[0046] Figure 1 shows an airport stand arrangement
100 according to an example embodiment. The airport
stand arrangement comprises a radar-based system
110R, and one or more additional systems selected from
laser-based systems and imaging systems. As can be
seen in Fig. 1, the one or more additional systems are
here selected from laser-based systems only. Specifical-
ly, the one or more additional systems is here a laser-
based system 110L.

[0047] The radar-based system 110R is a remote
sensing detection system based on microwave electro-
magnetic radiation. Such systems emit continuous or
pulsed radar signals towards a target and capture and
detect radar pulses backscattered from the target. The
radar-based system 110R may comprise a radar sensor
of semi-conductor type. For example, the radar sensor
may be of the kind used within the automotive industry.
The radar sensor may operate at 77 kHz. The radar-
based system provides output data pertaining to a radar-
based system coverage 112R at the stand area 20.
[0048] Thelaser-based system 110L is a remote sens-
ing detection system based on optical electromagnetic
radiation. Such systems emit continuous or pulsed laser
radiation towards a target and capture and detect laser
radiation backscattered from the target. The laser-based
system 110L may comprise beam deflecting means for
providing scanning capabilities. Such beam deflecting
means may be e.g. a scanning mirror arrangement. The
laser-based system 110L provides output data pertaining
to a laser-based system coverage 112L atthe stand area
20.

[0049] The radar-based system 110R and the one or
more additional systems together form a combined sys-
tem 110. As illustrated in Fig. 1, the combined system
110 is disposed at the display and arranged so as to emit
laser radiation and radar radiation in a direction along
the lead-in line 162 towards the approaching aircraft 10.
[0050] The airport stand arrangement 100 furthercom-
prises a display 130 for providing pilot maneuvering guid-
ance information to a pilot of the approaching aircraft 10.
The display 130 is here mounted on the wall of the ter-
minal building at a vertical position where the display 130
is in clear view of the pilot of the approaching aircraft 10.
[0051] The airport stand arrangement 100 further com-
prises a control unit 120 operatively connected to the
combined system 110 and the display 130. The control
unit 120 is further operatively connected to a database
122. The database 122 may be an airport operational
database AODB comprising flight plans of arriving and
departing aircrafts. This way, the control unit 120 may
access information pertaining to the type of aircraft which
will be approaching the stand area 20. The control unit
120 may also be in direct communication with the ap-
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proaching aircraft 10, for example via ADS-B. In such a
case, the control unit may receive the type of aircraft di-
rectly from the aircraft 10 instead of via the database 122.
[0052] The functionality of the airport stand arrange-
ment 100 will now be described with reference to Fig. 4.
[0053] The airport stand arrangement 100 is config-
ured to determine S102 output data pertaining to an ap-
pearance of the stand area 20. Such a determination may
be carried out using one or more from the combined sys-
tems. However, one preferred functionality of the airport
stand arrangement 100 is that the output data is deter-
mined S102 using one or more from the additional sys-
tems (in the example: the laser based system S110L).
The laser-based system 110L is a remote sensing de-
tection system based on optical electromagnetic radia-
tion. Such systems emit continuous or pulsed laser radi-
ation towards a target and capture and detect laser ra-
diation backscattered from the target. The laser-based
system 110L comprises beam deflecting means for pro-
viding scanning capabilities. Such beam deflecting
means may be e.g. a scanning mirror arrangement.
[0054] The airport stand arrangement 100 is further
configured to determine S104 a visibility V based on out-
put data from one or more of said additional systems (in
the example: the laser-based system 110L). Asis known,
fog or precipitation affects visibility mainly in that incident
electromagnetic radiation is scattered by the droplets in
the atmosphere. During the scattering process, the illu-
minated droplets reemit some fraction of the incident
electromagnetic radiation in all directions. The droplets
then act as point sources of the reemitted energy. Some
portion of the incident electromagnetic radiation is scat-
tered backwards towards the radiation source, depend-
ent on the relation between the droplet size and the ra-
diation wavelength. The relation between visibility and
scattered electromagnetic radiation is widely described
in the literature as discussed in more detail for example
in patent application WO2007108726A9.

[0055] The airport stand arrangement 100 is config-
ured to compare S106 said visibility with a first visibility
threshold V1. If the determined visibility V is found to be
lower than a first visibility threshold V1, the airport stand
arrangement 100 is configured to detect and track S110
the approaching aircraft 10 based on output data from
the radar based system 110R. Thus, if the weather con-
ditions are determined to be severe enough for prevent-
ing accurate optical remote sensing using the laser-
based system 110R, the radar-based system 110R may
instead be used for the detection and tracking of the ap-
proaching aircraft 10. Alternatively, if the determined vis-
ibility V is found to be higher than the first visibility thresh-
old V1, the airport stand arrangement 100 is configured
to detect and track S108 the approaching aircraft 10
based on output data from the one or more additional
systems (in the example: the laser-based system 110R).
[0056] Independentonwhichsystemisused toprovide
output data for detection and tracking, the airport stand
arrangement 100 performs similar tasks. As specified
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above, the airport stand arrangement 100 is configured,
based on output data from said combined system 110,
to detect and track S108,5110 the aircraft 10 within a
stand area 20 when said aircraft 10 is approaching a
stand within the stand area 20 for parking at a parking
position 160 therein. Said detection and tracking of the
aircraft 10 is based on output data from the combined
system 110. Thus, the radar-based system 110R and/or
the one or more additional systems (in the example: the
laser-based system 110L) outputs data pertaining to ob-
jects at the stand area 20 to the controller 120. The con-
troller 120 receives said output data and performs a data
analysis of it so as to determine tracking data of the air-
craft 10, said tracking data including the position of the
aircraft 10, the velocity of the aircraft 10 etc. Moreover,
the controller 120 may also perform a data analysis of
the received output data to determine the dimensions of
the aircraft 10. Said dimensions may be compared to
dimensions of aircraft models stored locally in the airport
stand arrangement, or in the AODB 122, to establish an
aircraft type and model of the aircraft 10. Alternatively,
or additionally, the aircraft type and model may be deter-
mined by other means. For example, if the aircraft 10 is
communicating with an airport surveillance system using
the ADS-B standard, the airport surveillance system may
receive the identity and position of the aircraft 10 trans-
mitted to the airport surveillance system directly from the
aircraft using an ADS-B transponder of the aircraft 10. In
such a case, the aircraft model may be accessed from
the AODB 122 by comparing the received identity of the
aircraft with known aircrafts stored within a flight plan of
the AODB 122. The aircraft stand arrangement 100 may
then receive the aircraft type and/or dimensions of the
aircraft type from the AODB 122. The aircraft stand ar-
rangement 100 may then compare the dimensions of the
aircraft type with dimensions of the aircraft inferred from
an analysis of the output datareceived from the combined
system 110. Thus, the aircraft type determined based on
the direct communication with the aircraftusing the ADS-
B system may be confirmed by the aircraft stand arrange-
ment 100.

[0057] The airport stand arrangement 100 is further
configured, based on said detection and tracking of the
approaching aircraft 10, to provide pilot maneuvering
guidance information for aiding the pilot of the approach-
ing aircraft 10 in maneuvering the aircraft 10 towards the
parking position 160. The pilot maneuvering guidance
information is determined by the control unit 120 by an-
alyzing the output data received from the combined sys-
tem 110.

[0058] AsillustratedinFig.4, the airport stand arrange-
ment 100 may, after having determined the pilot maneu-
vering guidance information, act differently depending on
the determined visibility V. Thus, in a second determina-
tion step D113, the visibility V is compared to a second
visibility threshold V2, lower than the first visibility thresh-
old V1. If the determined visibility V is found to be lower
than the second visibility threshold V2, the airport stand
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arrangement 100 is configured to wirelessly transmit
S116 a signal comprising said pilot maneuvering guid-
ance information to the approaching aircraft 10. For the
purpose, the airport stand arrangement 100 comprises
wireless transmitting means 190. The wireless transmit-
ting means 190 is operatively connected to the control
unit 120. It is, however, also conceivable that the signal
is wirelessly transmitted as a part of the radar signals
emitted from the radar-based system 110R. The signal
may be received by equipment installed within the aircraft
10 and viewed on a display in the cockpit of the aircraft.
This allows for the pilot to maneuver the aircraft 10 to the
parking position 160 also without the guidance provided
by the display 130 of the arrangement 100. For example,
in extreme weather situations, such as heavy smog, the
pilot may maneuver the aircraft 10 to the parking position
160 without having to look through the cockpit windows.
[0059] The airport stand arrangement 100 is further
configured to detect and track the approaching aircraft
10 based on combined output data from said radar-based
system 110R, on the one hand, and from the one or more
additional systems (in the example: the laser-based sys-
tem 110L), on the other hand. This functionality allows
for increasing the overall sensitivity and accuracy of de-
tection and tracking within the stand area 20. In the ex-
ample embodiment 100, the laser-based system 110L
may provide higher spatial resolution in good weather
conditions, whereas the radar system may provide higher
sensitivity for specific materials such as composite ma-
terials. The airport stand arrangement 100 may therefore
in the control unit 120 receive respective output data from
the radar-based system 110R and the laser-based sys-
tem 110L, and analyze said respective output data to-
gether. An algorithm may run a pre-processing sub-al-
gorithm to determine corresponding spatial regions of
the output data (e.g. pixel-to-pixel matching), analyze
each output data within said corresponding regions so
as to determine which of the respective output data that
contains the most promising data for detecting and track-
ing in that corresponding region. In case the correspond-
ing region contains data pertaining from the nose of a
composite-material bodied aircraft, the output data from
the radar-based system may be most promising. In case
the corresponding region contains data pertaining from
the metallic front body frame of an aircraft, the output
data from the laser-based system may be most promis-
ing, and so on.

[0060] Figure 2 shows an airport stand arrangement
200 according to another example embodiment. The air-
port stand arrangement 200 is similar to the airport stand
arrangement 100 already described in detail, herein, ex-
cept from that the one or more additional systems are
here selected from imaging systems only. Specifically,
the one or more additional systems is here an imaging
system 110C. The imaging system 110C comprises a
camera sensitive to optical or infrared radiation. The im-
aging system 110C is used to capture the emission of
natural radiation from the target. The imaging system
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110C provides output data pertaining to an imaging sys-
tem coverage 112C at the stand area 20.

[0061] Figure 3 shows an airport stand arrangement
300 according to another example embodiment. The air-
port stand arrangement 300 is similar to the airport stand
arrangement 100 already described in detail, herein, ex-
cept from that the one or more additional systems com-
prise laser-based system 110L and image-based system
110C. The airport stand arrangement 300 also differs
from the airport stand arrangement 100 in that the imag-
ing system 110C is distanced from the radar-based sys-
tem 110R and the laser-based system 110L. This allows
for the arrangement 300 to, at each position in time, de-
tect the approaching aircraft 10 using different collection
angles.

[0062] The airport stand arrangement 300 is further
configured to detect and track other objects within the
stand area 20. Two other objects are illustrated in Fig. 3,
namely a luggage dolly 11, and a food delivery truck 12.
As alsoillustrated in Fig. 3, the luggage dolly 11 is stand-
ing still, whereas the food delivery truck 12 is approaching
the stand area from the right. This allows for continuously,
and automatically, monitoring the stand area 20 for po-
tential objects which may be involved in causing acci-
dents at the stand.

[0063] Typically, the most severe such accidents in-
volve the accidental collision of the approaching aircraft
10 with one or more from said cther objects. Thus, itis
of interest to detect and track said other objects during
the approach of the aircraft 10. The arrangement 300 is
thus configured to detect and track the other objects
11,12 within the stand area 20 in parallel with said de-
tection and tracking of the approaching aircraft 10 during
the maneuvering of the approaching aircraft 10 towards
the parking position 160. This may be achieved in differ-
ent ways. By way of example, detection and tracking of
the aircraft may be based on output data from the laser-
based system 110L, whereas the detection and tracking
of other objects may be based on output data from the
radar-based system 110R. It is however, also conceiva-
ble that detection and tracking of the aircraft and of the
other objects is based on output data from more than one
system of the combined system 310.

[0064] The arrangement 300 is further configured to
predict if the approaching aircraft 10 is on a collision
course with any of said other objects 11,12, and, in re-
sponse to a collision course being predicted, to provide
further pilot maneuvering guidance information instruct-
ing the pilot to stop the aircraft 10. The prediction may
be achieved using tools readily available to the skilled
person. For example, the evaluation may be performed
based on the use of a Kalman filter acting as a time filter
to combine measurements (observations) and a model
of the dynamics of the detected obstacles. The Kalman
filter may be used to combine a set of measurements
over time to create the mostlikely positions or trajectories
of the obstacles.

[0065] Figure 5 shows a further functionality of the air-
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port stand arrangement 300 of the disclosure. It is of im-
portance for airport overall control to keep track of which
gates are available and which are occupied. For this pur-
pose, the airport stand arrangement 300 may use its de-
tection and tracking capability to continuously, or at a
request, inform stand personnel and/or airport control of
the occupancy status of the stand. Thus, the airport stand
arrangement 300 is configured to determine S202 output
data pertaining to the stand area 20 using one or more
from the additional systems (for example the laser-based
system 110L). The airport stand arrangement 300 is then
configured to, as a first determination step, determine
S204 whether an aircraft is present or not at said parking
position based at least on output data from said one or
more additional systems (for example the laser-based
system 110L). In some situations, for example during
good weather conditions, this may be enough. If an air-
craftis indeed present within the gate area 20, the aircraft
will also be successfully detected by the arrangement
300. However, in some situations, for example during
bad weather conditions, characteristics of the aircraft
may not be clearly present in the output data of the one
or more additional systems. In such a case, the first de-
termination step may result in that the stand is detected
to be empty, while it in reality is not - a situation which
may result in serious accidents. To mitigate this problem,
the airport stand arrangement 300 is further configured
to, in response to a negative determination in the first
determination step, determine S206 output data pertain-
ing to the stand area 20 using radar-based system 110R,
and, as a second determination step, to determine S208
whether an aircraft is present or not at said parking po-
sition based on output data from the radar-based system
110R. Thus, in case an aircraft cannot be detected by
the one or more additional systems, the radar-based sys-
tem is used so as to provide a basis for a second opinion
in the matter. Finally, the airport stand arrangement 300
is configured to transmit S210 an aircraft-present-signal
in response to a positive determination in any of said first
and second determination steps, and to transmit S212
an aircraft-not-present-signal in response to a negative
determination in both of said first and second determina-
tion steps. Thus, in case the first determination step re-
sults in a detection of the aircraft in the stand area 20,
the second determination step is not needed. It is how-
ever conceivable to use both determination steps at all
times to further increase the accuracy of determination.
For example, combined output data from two or more
systems of the combined system may be used, as dis-
cussed hereinabove.

[0066] The person skilled in the art realizes that the
present invention by no means is limited to the preferred
embodiments described above. On the contrary, many
modifications and variations are possible within the
scope of the appended claims. Additionally, variations to
the disclosed embodiments can be understood and ef-
fected by the skilled person in practicing the claimed in-
vention, from a study of the drawings, the disclosure, and
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the appended claims. 7. The airport stand arrangement (100,200,300) ac-
cording to any one of the claims 1 to 6, wherein the
airport stand arrangement (100) is further configured
Claims to determine avisibility (V) based on output data from
5 one or more of said additional systems (110L,110C),
Airport stand arrangement (100,200,300) compris- and in response to said visibility (V) being lower than
ing: a first visibility threshold (V1), to detect and track the
approaching aircraft (10) based on output data from
a display (130); the radar-based system (110R).
a radar-based system (110R); and 10
one or more additional systems selected from 8. The airport stand arrangement (100,200,300) ac-
laser-based systems (110L) and imaging sys- cording to claim 7, further comprising wireless trans-
tems (110C), mitting means (190), and wherein the airport stand
wherein said radar-based system (110R) and arrangement is configured, in response to said visi-
said one or more additional systems together 15 bility (V) being lower than a second visibility thresh-
form a combined system (110,210,310), old (V2), lower than said first visibility threshold (V1),
wherein the airport stand arrangement (100) is to wirelessly transmit (S116), using the wireless
configured, based on output data from said com- transmitting means (190), a signal comprising said
bined system (110), to detect and track pilot maneuvering guidance information to the ap-
(8108,S110) an aircraft (10) within a stand area 20 proaching aircraft (10).
(20) when said aircraft (10) is approaching a
stand within the stand area (20) for parking at a 9. The airport stand arrangement (100,200,300) ac-
parking position (160) therein, and configured, cording to any one of claims 1 to 8,
based on said detection and tracking of the ap- wherein said airport stand arrangement is further
proaching aircraft (10), to provide (§114,5S116) 25 configured:
pilot maneuvering guidance information on said
display (130) for aiding a pilot of the approaching to, as a first determination step, determine
aircraft (10) in maneuvering the aircraft (10) to- (S204) whether an aircraft is present or not at
wards said parking position (160). said parking position based at least on output
30 data from said one or more additional systems,
The airport stand arrangement (100) according to and
claim 1, wherein said one or more additional systems to, in response to a negative determination in
are selected from laser-based systems (110L) only. said first determination step and as a second
determination step, determine (S208) whether
The airport stand arrangement (200) according to 35 an aircraft is present or not at said parking po-
claim 1, wherein said one or more additional systems sition based on output data from said radar-
are selected from imaging systems (110C) only. based system;
to transmit ($210) an aircraft-present-signal in
The airport stand arrangement (300) according to response to a positive determination in any of
claim 1, wherein said one or more additional systems 40 said first and second determination steps; and
comprise at least one laser-based system (110L) to transmit (S212) an aircraft-not-present-signal
and at least one image-based system (110C). in response to a negative determination in both
of said first and second determination steps.
The airport stand arrangement (100,200,300) ac-
cording toany one of claims 1to 4, whereinthe airport 45 10. The airport stand arrangement (100,200,300) ac-
stand arrangement (110,210,310) is configured to cording to any one of claims 1 to 9, wherein said
detect and track the approaching aircraft (10) based arrangement is further configured to detect and track
on combined output data from said radar-based sys- other objects (11,12) within the stand area (20).
tem (110R), on the one hand, and from said one or
more additional systems (110L,110C), on the other 50 11. The airport stand arrangement (100,200,300) ac-
hand. cording to claim 10, wherein said arrangement is fur-
ther configured to detect and track said other objects
The airport stand arrangement (300) according to (11,12) within the stand area (20) in parallel with said
any one of claims 1 to 5, wherein two or more sys- detection and tracking of the approaching aircraft
tems of the combined system (310) each are dis- 55 (10)during said maneuvering of the approaching air-
tanced from each other so as to, at each position in craft (10) towards the parking position (160).
time, detect the approaching aircraft (10) using dif-
ferent collection angles. 12. The airport stand arrangement (100,200,300) ac-
9
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cording to claim 11, wherein said arrangement is fur-
ther configured to predict if the approaching aircraft
(10) is on a collision course with any of said other
objects (11,12),and, inresponse to a collision course
being predicted, to provide further pilot maneuvering
guidance information instructing the pilot to stop the
aircraft (10).

The airport stand arrangement (100,200,300) ac-
cording to any one of claims 10 to 12, wherein said
detection and tracking of said other objects (11,12)
is based on output data from the radar-based system
(110R), and wherein said detection and tracking of
the approaching aircraft (10) is based on output data
from said one or more additional systems
(110L,110C).

A method for detecting and tracking an aircraft within
a stand area when said aircraft (10) is approaching
a stand within the stand area (20) for parking at a
parking position (160) therein, wherein said detec-
tion and tracking is based on output data from a ra-
dar-based system (110R) and output data from one
or more additional systems selected from laser-
based systems (110L) and imaging systems (110C),
the method comprising:

determining a visibility (V) based on output data
from one or more of said one or more additional
systems,

in response to said visibility (V) being lower than
a first visibility threshold (V1):

detecting and tracking the approaching aircraft
(10)based on output data from said radar-based
system (110R).

A computer-readable medium comprising computer
code instructions which when executed by a device
having processing capability are adapted to perform
the method according to claim 14.
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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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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number

Substitute for Form PTO-875 16/983,657
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Golumn 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(57 OFF 1.16(a), (8. or (c) N/A N/A N/A N/A 300
SEARCH FEE
(57 GFR 1160, . ot () N/A N/A N/A N/A 660
EXAMINATION FEE
(57 CFR 1.18(0). (8. of (a) N/A N/A N/A N/A 760
TOTAL CLAIMS . *
(37 CFR 1.16(i)) 20 minus 20= OR |x 100 - 0.00
it il IOl N
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
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with your reply to the Notice. When the USPTO processes the reply to the Notice, the USPTO will generate another
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Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
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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.
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Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 08/10/2020

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 16/983,657

Projected Publication Date: 02/03/2022
Non-Publication Request: No

Early Publication Request: No
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MULTI-SENSOR DATA FUSION-BASED AIRCRAFT DETECTION, TRACKING, AND DOCKING
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Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

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
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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
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
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technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.
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Espacenst

Bibliographic data: WO2015005834 (A1) ~ 2015-01-15

HYBRID VISUAL INTERVAL INDUCING DEVICE

Inventor(s):  LEE KI CHANG [KR] + (LEE, KI CHANG)

Applicant(s): ANSE TECHNOLOGIES CO LTD [KR]; INCHEON INTERNAT
AIRPORT CORP [KR] + (ANSE TECHNOLOGIES CO., LTD, ;
INCHEON INTERNATIONAL AIRPORT CORPORATION)

Classification: -international: GG§771/6¢; GOET5/00

G08T2207/10028 (EP)

Application WO2013KR09314 20131018 Global Dossier
number:

Priority KR20130079884 20130708

number(s):

Also KR20150008273 (A).

published as:

Abstract of WOZD15005534 (AT

The present invention relates to an interval inducing device and includes a first
extracting unit extracting airplans image data from an image signal captursed by a
camers, 8 second exiracting unit extracting alrplane scan data from a signal scanned
with a 3D laser scanner, and 8 control unit generating sirplane location data oblained
by aggregating the airplans image data with the airplane scan data and thus providing
a distance o an inderval target location and a direction {o induce an inferval,
Accordingly, the hybrid visual inferval inducing device has an effect in that it s possible
o determine the type of an airplane quickly and accurately by combining the advaniage
of a camera-based inducing method with that of & laser-based inducing method.
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(57) Abstract: The present invention relates to an interval inducing device and in-
cludes a first extracting unit extracting airplane image data from an image signal
captured by a camera, a second extracting unit extracting airplane scan data from a
signal scanned with a 3D laser scanner, and a control unit generating airplane loca-
tion data obtained by aggregating the airplane image data with the airplane scan
data and thus providing a distance to an interval target location and a direction to
induce an interval. Accordingly, the hybrid visual interval inducing device has an
effect in that it is possible to determine the type of an airplane quickly and accur -
ately by combining the advantage of a camera-based inducing method with that of
a laser-based inducing method.
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110 Camera

120 ... Focusing unit

130 ... Zoom contrel unit
140 ... First processing unit

150 ... Second processing unit
160 .. Monitoring unit

211 ... Distance measuring device

215 .. Motor

220 ... Third processing unit

240 ... Fourth pracessing unit

250 ... Distance extracting unit

280 ... Direction extracting unit

310 ... Video and laser aggregating unit
320 ... Recognizing unit

330 ... Storage unit

340 .. Display unit

350 ... Manual operalion unit

360 ... First power supply unit

370 ... Second power supply unit

380 ... Inspection unit
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PURPOSBE: An aircraft mode! discrimination and docking guidance system and a
mathod theraof automatically discriminate the model of an aircraft by applying 30D
modeling digital imags information processing technology based on a 3D laser scanner,
CONSTITUTION: A 3D laser scanner devics includes a lassr ransceiver and a data
acquisition and distance measurement device gensrating data on a distance o an
gbiect and images. A model data memory (5) slorss spsecifications and fealures by
model of an airorafl. A data analysis determination algorithm processing device {4}
generates a planse view and a front view of the object as the information on the object
generated from the 3D laser scanner device and determines the modsl of the object by
comparing the information stored in the model! data memory. A characier display devics
(&} indicates docking information generated in the data analysis delermination
aigorithm processing devics 1o an alrorafl plict, [Reference numerals] (1) Laser
ransmission and reception devics; (10} Image display device; {2} Datla acquisition and
distance measurament device; {3} 2-D scanning mechanismy; (4) Data analysis
determination algorithm processing device; (8) Mode! dala memory; {8) Text display
device; {7} Manual operation control panel; (8) Extermnal system communication access
interface; {9} Image camera and additional device
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& FEI)e) oUAE olgd THIA B FFY] dolHuo)OBIE Bl A % A% wsk qelg £
@ Ageleld Avist B5E Asde slwstel AXste HolHE Fehilo) J1EL wHsn P9 AA
Ad W A% F& AW Orianmulation ol g3l A FUE TGN ARE fEse

EERES

o5k @ol g Aultsh <M AFAS Agat B AAFNHEALDE G Ak Aee g5
@ Qg olvA At AE olvA HEle] dolEE wwsly] mEel, oz AskA ARG, FA® A,
SuF Bl ophF W o B3 2 BFA 4ol st AR o|v)x FFe] o Ftelt Wi
97 ] A EARY, ANERE Ao A7 AL & fln A5 AR BHLFEI AF BAs
= 5o BAAT A% AT A,

2+A|

£4 ddar] fd APE FlHEAsEE ¥EE Aow
WS AMESEA @3 B7EA (invisible) 4] zllolA WE tldE Wgow A}
Fate] g EclA HEoler F vt vl A (time—of-flight)E A3t g
H LH% 3 24 EelA A Ao, UA"E GAAEARES FEst FErle 9

nAE F5sla, 3 29 ZA™(3-D modeling) FHEWE7|He] 23fe] T o]mA
= G719 7FEe) Hi FHE B AUE ouAE FEH UM o] A
8 FF7) +F delEdol2=(DB) HRE S olnA HeolE e}l vlmate] T V)
FTHAE gt fFES] AN Aol BEE FAAY] 9% A=E Agsa

4

2

e, ol el A dFew T FF A WA FAs Hu
| B S LRES G2A RN 290l gPad G o
27 B GARAGIEE 08T BBV AFWE B FrHEA2HR

i

ok

il

it

1

o r
Moo 19
O g A

A7 EAE 2detr] sk 2 EHe, dolA WS FEsta ddEed o vhabeE 2r) delA W
sk #llolA FpldA ek, A7) dolA W Ao diderA e ARl B GdHelHE A4 ]'—‘:‘ 2l
oy &5 ¥ ASAGAE et 3 A oA s ZAek, FFre] TIed 4 B 5] Ay
o & 71 deolHuxeet, 47 3 2 dolA A AA B 71F volEdxelst FAlstH, 7] 3 2k

dolx =AY GA2REH AAE B u Aues gz HREE 9 AUEs Adsin, 3] A%
dlolErlele]l AgE Auel ety tdel 7ES A dolH EAWY *uelE Augel, 27|
dolE BARA LuelE A gAc sk, FEr] 2L 27 dolE BEARR LueE: Aug
A ARE FAARE TARG AT AR ZTA DU EAL EADLZd AN E FHAE 23] ANF

wE Y FFEALEE AT,

S, 7] dels MR dueE ALgAsh FAske, AU G AE ovAE Bt
A7) dleld wHRA LuAT A PRl UL Y Ak, 7] dlold RAWY YT HeABA
shEsk, 7] dold BHRA BudE AFAAA 37 9 At BIE G A oA
=9E A Y olvAE FE/ 2B ATH AT 2EA JUEAG 93 D2FelgNE o

Ex. 1002 - ADB Safegate et al.
ADB Safegate et al. v. Honeywell International Inc. - PGR2023-00053

Page 148



[0610]

S=50ol 10-1314566

SEHSA, ) delE BHw dued AgRsh BAsh, wA e Badd FEHes 2zt
N BANZEU AR B GBI E Fol FEY) 2B ANT S A LER A
—.%—

9 FPARE SR, AY] dHely 248y dads AYAAeA & dH # 4dd das 3] F

BARALNOR $ET F A P2 FAHS AEWel xS o RS AL 5o At

SEAEA, ) delE BAw dued AgRsh BAs, ¥ Ule) ABPRALGG BTl BY
1=

vl s A, A7) o)A 52 gXE ol FTol dE FTUIE HA Womn £k 27dste] lee S
ZrEo A ] 3 A4 %@(pomt cloud) ©]7]A dlolel& Xz, AAJ3tT;

7] "Held EMud fauds AgAE AV 22, Add velEE 3 2k =EE V)shelA Fner
< AH8ete] HulE Bl Adke ouHEA FEste], 7] 71F delHrRel AgH ol = VE FET
715 Agret vlauske] A e 71Ee oldlE e SAHCE S

@ B oy dold FEAgAsh HolE 05 W ANSAYNE THSE 3 4 oA 2AY FH, 7]
% delgulze], 2FA A HaFdeldx, @ Held BAwg dnelE AgXE TS B
7l AFRd R FIGEASGe Qold, Zead 5a A 7] deld EAwE gnelFE AgR e sheq
ols} mxEglo Alsgel vste] 2758 FAsty A7 Au A7) APS Bst= AL @Ak, o F, 47)
Aol 445 BERE Afod FHd FT77) IAE @6TE AYT W, YETEYH 70n WA

100me] A2 Wellr FF7)e] Fgle] oddus EFUTFE AFste] FriHos dojxg Wipsta il EE
#late Tas AS gdqste A2 @<, o F, FErle] o] AAHW, BV FEIVF G T EEE
50m A <rew Ysty] Hell, 7] 3 A delA =AY Xl o dErlie] AuE FEsta, 3EE 2
5719 Auset 27 71F delHnRed A e 7ITE AuE AL 7] velH 24wl dadE
AR G 7S BE3te A3 dASE, o F, A %

d1 7] 7S me Fer] AAARE adeta, JAYsta e Ferle] AAA™] gL ey
gE 7] dzZyoldAel FAske Ald @Ak, o] F, Y] FET)7F de g RAE 25 n el Idsid,
71 3 A wlel A AU ARl os AL ) o] HEM 7] dolE ENud dadF
g olA Fdr=del et Fe7le] #Hew
el el Agse A5 dALt, o F, &7

o ANEE ATt A6 A E Tt FE] 7

I

SR SA, 3] A4 BAAE 3] B AAAH] GETAX Y ZelelE In BeE
ool AFFTA, WoIAW 7k B GREE 0.2n BAR WAANAE Y] CaFelol el AT A
& 540z W,

PRS2 A3 WA A7 el AR Gl SAAGANA 4] 3 AY Aol A 2AY B
s & ddolel SAAEeIAL] 3 AU LA v HelHERH Al BHY A& olgste] FT9
ovlA RS FEH= AL SHoR Wk

sherA s, 3] deld 2Awg QuelEAe A $Fvle] md dgss Aadd 9Fve 44 9
o NS HUAY AuE gz 4 % rHRAe DIFS FoplH SALES AdsE AL B3
o= g},

s s, 3] Hleld BAwd SumeEAgRE 47 $AGES 0] HES 37 3 AQ deld 2oy
gl olel AEE 3 AU 2 olv)A wleleel 3 A S H FAWBL A5l T o]ulx o Asa
PUE % AUES A4eis Ae SHom @

s, A7) dele Ry dmeEANgAE, 47 A1F delEtmeel g 71FE welssh
AAs] AAE BHEE L AUEZL $HskE 71FPS Hehulo] 3371 wEste Ae 5w @t

23
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217

B oage] ojatwl, AL o)F Fel g FTVE AR £ 2 s e SR

H(Point Cloud) ©]v]A] HlelHE Eﬂ A7dstaL, ©]F 3-D modeling®] 7]&F8h# <l 7&%‘5& 71 E& AE-ste]
FE71e] BHE B AR o[uAE FFEaL, o] o[WAE Abde] skl YE Holy wlme|e] Ao
= 71 gl 1ER olvA Auek v, fAaste] fAHe VeE é—hﬂ%iﬁfﬂ, FE71e) 7EE A
res A AEE d 5 gls HAH) Asge FAT S dve &) Ao

el Me] 3 2 &

=4 o}j olo

Ee, B 0P 3 9 deld sk A" 93 AV, 3 AU HRABI R ojste] Z4s]
WEel, Feje] 3 hdlel A mE AR Egdvion s|Fwue dstd WA EAv Hd 4EEL
Bol3 ojH @ obrFolE 2 (robust)BIE SALAE Hol QFgel WA Hr Fobd slEsim x9e] glo]
= Bl Hld 4ol Ak

=1 B ouge) QUNdY] te 3T AFWE 9 FURE AS9e s mAS A4 BEE.
2 el deld W g B/ 2 R AN (ranging) 715 s A
S2/59 29 9E & 2F IAUEES TP 3 A dolA 22 % T0F(Tine-of-Flight) H3%ie)

sh=dlo] A Y=

%= 3 a), bhe 2 49 FX s=doE AMEste] d37|e FAzA, 71Fwd 8 FUIFEE dsr] He
ZHAEQ AZEY ] dueEe 3 FA dF FEI BT AR

E 4 B B 2o "1 %71 7154 wEstaxA & o DY FFTV|E 3 9 ol =41 FAE o] &3t =
N QI olmA] = 3-D mH e 7]shehs JJrﬁtE%ﬂtﬁﬁi—'_ FH AT A SAITE Agste] g%
719 HH o] ]Z](top view 9]— AR olulA| (front viewE WA WHE HFE ojv|x Hg e

599 Aot gl B 8 AN BE Sol FUATL olslah: Bolo] AwA oJvlst BARI, wep ¥
PAMNA AEE BoA7t B Fole] A ofrish FEHE Aol B YA AEE Aol wherh,
hel, olste] Zl%® WHE ¥ wdge dAdE ¥sy] 9 AY B ¥ Uy ADueE s A9

AL ok, WAA dtel AxA FAdsHA AMEE FEWUSELS U3 TALAES VI

%W F7le wlelA WA VDGS FA A FA(YD)de T FTHS V1SS AEste o o, &2 Al

ool AAzre® FEre VFARE A AEste] B F FErlel sigHe AAAe fXARE
=
8|

1

2o, o8 Ve BEY] 2EAA AAANAY AlAY ARE FPFA Hn, EH TP el RA

o FEHAALE Fol AFFoRA AT TV /%ol Aged wemel 97 AX} wol B HAs
| Aolg 4 A A,

Gl 15 E A% W AR AT AL YA BN 1B AW A)F 2ol Fope
£ glo) B A&y sl wasi Ao b Fasit.

old fste] B Wyl FmelFdAl R FE AxneT] A5ke] dolx xsdel siel BT 24
A A Bl AF 4w wEeel s W A pEel SARH FAE SRk Aol ek, 4 WgEd
B olWA AH AAE FEHT, oF FRW Aol BUE oAt AW o] AUE olmAE W

st E5o] vmeel AgHol Y= FFI) AFE wolH oluAst FAANE BAsle] VAL FomA

7o) 10080] 7V7HE BEES 2 A4 ol Axde] HEs g

=

B el &7 Z1EeE B FURE AlaE 3 e ukz olE s Er] 71E s dugFosAe] A
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(00191 = 12 2 THe] dgAdel wE 7] 7FaE 3 FUFE Al=F
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1
QL
X,
1
>,
%
B
g
g
dut
Hl
2o
O

{06201 24

foo21l] = 1& Fxspd, delA FEAEA (D, vy 5 B AdSAEA(2), 2D 2A4d wAUE(3), HolE &
A dauds AW, 71T volEHR(5), EAU=EU LA (6), FEs AANA(T), 2FA=

g SRS Aol =(8), 94 FhHlgt B R A(9) B A HEEU AR (10E I

g7) Wl BRAFA(DE AlA We FESI Ul sl wabsE 3] delA We Fask, 3]
deldl B5 % AUASAEA @) delA W FFAANE <l g3 DFEAAL AT B JAeelEE 44
s, ol 3 A deld 2AY gAE TA@,

d5d dusid K0S w4, AL, Ad, G 2 DAL GE AR wﬁﬂo g7) Hele wHw %

% AP (Dol 47] 3 A #eA 2AY A 2D 2AY HAUZB)e] 22 A,
=R, 7] HelE MRy dweFE AGPA (el FFY) 2BAA 4F F/148G EAte] AT
A% BAULEdC] FHG), FER 5o ANl Y FFERA AAWL(D), AALY BAUE Qe
ol(8), 7% WY vHe P4 A7) NG el 93 et e AYYH S0) % oF vaEdo)
7] A% B HABAFN107} 247} AAHES TS Ut

[0022] % 1& sl FHERA AAF b PRoR TS AW, YAR ARE Aess AUEe ]
dole BARg AmeF Al g (ol EAFHUA ol axEgel B .

dolel® &4, BEY R olvlA 44, olvxe] 3-D
EoAEy) YEE 2 guE o]ulxu 2% % 710 wg 59 3 A OA" F9

st AFE A Axdolet & 4 vk,

0
2
e
N R
)
N
ro
i)
il
i
1)
i)
it
i
_>,L
L

5, & 9L 3 2 dolA =AY AXA, )9k 23k &Ad dAUF (DA oA da g LAY
W | F-528 whxbsle] e Aeg st delA e HAAHTOR) S F4835te A dEE Artalal 3 %)
A AEE 71 OdEe] oPAE oA Bast AFHE st Aoiu.

% 18 Huh AAE dwstw, g dolA AR E delA W $Es] f1e #HeolA veole=e
A< @WE(collimating 161’15)7] ZEE L, g wabEo] Eole HolA FAE Falste] HrAER W
g3l F= %A (Photo Transistor, Avalanche Photo Diode 5)9F =2 327} 85 o ).

271 "ol #5 g9 AgSAHAX (2w 47 dolA 50X (1] FHaAdA] A& olgRa F4140% F
=9t $F& P Alaste] AARE SHSte] ARz Faksta, FAbE olgdE o dlojEE ADC 32 o3t
o gAY Aaz ¥gste] ogddolE AHEE st ZEAXAQ doly B4 A da:EE AR (HE Bl
=

S, A7) 2 2 2AE mAUFG)S 2] #HolA S (DolA AR wolA, o7 8riAE A
2] 905nme] S 1R FEk=(Class) 1 #HolA W& 2 B £33 o] F sl Ask 25 mE el v
2Heg AMEE FA/FHEoR 2iste] AHoR WAL 5 A e R dde| EA3te EH*J’%% Ak A
g 53T ¢ A ste ZAAR FiE, ol& 7Este 29 RES, o =gty IE & Tt

upEba] 7] #ol A FFAFX (Doh 23k 2= WAYUF(3)E AE VAH SR AFF i, of7]e] dHe]
B 5 2 ASATA(2)7F Ar)H ez AZAE doiA AArt shvte] 3 A wlolA Z=sU(3-D laser
scanner) B A#]FA %X (range finder)<l A e]t}.

o] F-i-S Hro} AAEHA EAIRE Ofle] & 20|t).

A FA (D= 27] 3 & delA =AUA (1 WA 3ol U= =HEHS o
oA WA AAE Aoy T, FAT el WA ABE Szl deles Agekn w43
H, 7]EAEE 9% 34E sk 4nESs IHste AR R, A ARE 2FAF QU EAE T
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N
E¥
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S 2%, A4 WA, o AnE oW AdHo) U= A1FE 7

deles} wasle] §F7)9 7Ee BASNT Asse] 2GR FIAL W} fEsle]l AN el s
F74717) 91 Aelg Ysh AN YRk

A7 1% HelE AR g IS A% SR U anwE Aol AT olEl A

aweE ALLA (D)7 154 BAL S ARASE AFeE 9L Z Badl B UEe 44, F

7} 2% 4 9lv).

47 BAT L]l A (6)E wolH EARA LneF AugN (WA A e B4 Er )52
@87 2EAA AR HASe] AT 4 A EAEAH Helth
A7) EEA AN e MgA B Bard PAAFES YA FEHeR 2447 MERD os)d
HaEdel® Bl BT E2TARIA AAR 5 Qi 223G el

o2
N
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o
iy

Al FF7)e AE o|HAZ Fsie] HolH
1421002 wjo} 14 em
Ao AT - QA ST, AE W AEALE B
gA2A, vte 94g FASE AukEel LED, LD

‘}r H]I'
2
)
3§ ot
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Wk wish ol ¥ MR A% olF Fol At FFINE ANZ &7 2dldste] Pole] AR
3l 27 (point cloud) ©lvlx] dolEl g ¥, YAstn olF JIsietAl TN WL ALES

RE 2 ARE olnAE F&53 o olrAE Mmeled A e AE I x| 3

=, Adel AL 15E Sohien, I 5E AR A AEA W S e A0 B3

7 NEwd 8 FAHFEALDE FAT S A

f
ol
N
N

i
1,

o
k)
N,

= 19 #elA FeAAA(DE = 2004 o)A tele= B AR HEA=(collimating lens)(12)
2 7AaEe FEdd, deold tele= B F3A(1DelE oA #F AEZE WAEte welA tele=
(laser diode‘)gl— FrAE AAEA A", e aAde BE dvE @ EfA2F(photo
transistor)Y} APD(Avalanche Photo Diode)E AF&3t}. 2-D 2=71d wlAUZE(3)L dolx £ AAX(1)E 7)
ARow SRR FHG MAAYUFe] 725 A o17] fiste] wolA A (DolA AR A 4]
Aol o welA B Rli(beam)& 7 FH(xF) B FHF)OE RAAAFE= ? e (15) 9 4 H
2(16)el 2lste] 2b7] 90% Zm= o] FozA € 14 el ko] ofel A zFHow FohA At £
#xF) 2979 ZE)Y FAHGH) 299 R 47 4EFe 299 2E (stepper motor)®EA 7t
zke] Fel =5 o} gl= g VA @R WA FoBA xyFe 22k SEE Fe
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{003

~J
—

[0038]

[0039]

[0040]
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il

FHE AYAE QWA E B Fule] Ao AFEeIA Eojer AW AjNES wold 29w wES
DA AGT + UES AU A(ndex)SE WEE ARAAFT ABsel s AAFE AL ), A=
B Sehelu 0 A% AoiilE AUAQDERY Be AsE Agst 2 Ads 2H007} 39
AL @ 4 9ES WaF AR/} RS pEss d2eld. $UH ANE AUAUDY £4 =Y :e+
SIFABYE o|sh BUG lEow +8 A BH(1E Aojshn TEA,

il

dlolq SANE BEANRLEDE dolA Theles B FPAAND el Q= ol W LFaAelA A
delq A AEsEe] dae BEstu Fe Aol % FEAA, HEH A= Ao o) AE A
T oAt FUASE TOF SAR(OZ LAt T0F A% 0 dolx $A8s Aoldsy(22)d A wals
dolA a1 Bme) waAAZ o 3

o4 4 AEFEAL AN FAH dolA 2 Bae] A7 Aols =
olF 2% bre] We) £EE FolFi AAAeS slel deld WA BABeA waHe] & AL A
Ul 443 welHS Aolg ARHE AT dold FUWE AT (22 delA Thelos
9 gaAD Uel e deld # 5418 dolH thele=g® Bad AddA AFAATAY s Aol

B @9, FEdE WARTEDE Ul AdEH AHge) JFel HE /G FeAS(clock pulse) Al

58 wEo] dold FAWA A UEF(22), HelA FAUAE FEAT(23) L TOF SR (24)e] FFaAT,
FYNFWYRCDE AAHon Fg Bad Y4se uw S AFE W9 FEAEE A A1
@ 2EF718 wEY) @ Alg BHFES) 4F Wl JAEM(instruction) FAF FI1E 2 @,
£ 32 Uy AN HEAE ALt 98719 A, 1FRE L FrGES 4] 99 FEH &
ZEdo] gueFe @ 74 oF DA molFe Aamolrh

o

38 Paste] 7 vl ek ARE S ohew 2

Al GAGOHE B X9 AFEH st=dort g24& Algste] edAzE 7hesta B Ao Wl Zaoag
S A&t BAlolth. 2713 F AIAIE ARaAGhHE 2 AXUF AGSH E olvA FES 3] A &
< Wxge] 732 5 %713 (initialization) ExE Fdsn AgSH F /59 4= o] 3 v o /E
of 7] ko] A7IAH (self test) E A7) ek Wl (self-diagnostic routine)& A= @A tH(S31).

0, of

[

1 5, 271 Ag B JAe Ay £ 8 3 REC] IEAE 1Y oAl Fxtolvt oA wle] WhAlel 4=
A Bo] ol de] gl Aol Al2ElL system ready A& EH3A i @AB2)Y try] RE=(stand-by
mode) & EY5kA WH(S32).

7] REdAE #HeolA HFAR7E 70m o]de] A FErle]l WYge] odEe ERANEE Aty F
Hog Yolxg ARSI FRASE Flete AL ATHeRE AL FIstE F-Z(loop) S T
(833).

FF717F AP o]& AA Sl aircraft detected PIANAE &3 AR =(detection mode) & E)3hc},

o] &, 77 AAHUE AF wd A AZE 0m o)FeltA olwAE A7l & FE7] wjEel A
ARE A wHESka 70 m ool =Rt Ff-ol= ot GAEH A W NS 0e= ’ﬁﬁ?{“ﬂr. o] Wee A
7] Z1Ed oF FAA 33|74 whEsky] $13F Weo]th(834, 835).

°f &, N =N+ 1= dze e W NS v 7R3 A G A= & X e XF 3 Y5 2xpd
o] #eolA 2 TE AX7F el e FEIE 271 EH(S37).

o] &, 7] @A S374A4 FE5I &H(point cloud) ElOlE FolA Folv; v olv)A 5L AAS, °oF
A o)A E AAst, T F FH A (the nearest point)e] Zh=9} AE AFESE(S38). o714, 7] H4
< FF77F Agste solnE dF7]e] mEo] & Zlolr}.

o] %, A¢ =lel BEY(distance domain filtering) A 71WE A&t ANA el £ olmA FolA
P77 BA F9 And 94 FUF e AW WA A5 4% @A BE o bR 242+ 9
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[0045]
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[0048]

[0049]

[0050]

{00511

S=50ol 10-1314566

o)

AW ZH(PBB) T A B ] olu]A] B BEEQ3 volHE AA3H(S39).

ol ¥, WHE AAN ATHos
& AAEE o) olgs] Y5

of
N
N
o3l
N
21
lo
4
P
>
i
i
o

F&9 oJEA(FE) ouA FolA FEre) A ATl 54
ol weba $AZEE AN WTHS10).

i IC rf\l

., welA Al ot 54 X5 A%, Y5 #E 3 549 AUAR@D S 3 A4 volH sk A
2ol Ag€ 2z} point cloudEe] El°lBlE AH8-3Fe] 3-D modeling Aol £Jsto] 7|ebehs] HERe -3
HgE& st £ SALE (=R A4,

T, 37 GA salel A A At o|vAE THA] F SALEE +0EE IAAA FEre FHE ojv]A
Args] dek(s42). = @A)l ALste] £A SAGEE =R RSste] F3FV]e] AWk ovAE

o . 9 GANA doiW FFVe] BEEst AWEES 7FE Hold s (5)e] AgHe U= FT7) AW
A HAHom ANt /FYS FAste] AAVTSM). o W, F& ¥ A 5 muwss 48
o242 Heste] o7 g olul® AHE F9E W)
o %,

]

GOS(Gate Operating System), FIMS(Flight Information Management System) & F&olA 337 3
e 7)EFW vaste] o

= U

Ashe gl GAUDE AR T BAGHE e WS N sht 37147
Bl BEsAE FFHel BUASE Al GAURNA B
7%1(49)5—_ uu}zqu D Failed ohe AZE $Eshm E1E AAATAG BAGOAN E A2EE Auto
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Motics
This fransiation s machine.generated. | cannot be guaranised that # s intolligitle, accurate, complsts, reliable or f for speciiio purposes. Gritical
daeizinns, such as commarciaily relevant or fiy ial decisions, should not be based on machine-iransiation output,

Abslract The invention discloses an airorafl berth intalligent indication system with high safely performancs, which includes an
information acguisiion unit, & berth calculation main control module, a bridge auviomalic conlrol moduls, a wirsless
communication moduls, 8 remole control canter, an information transcelver module, Information processing and control Module,
infrarad signal receiving module, airoraft positioning moduls, intelligent voice prompt madule, real-time infrared image display
module, data storage module and delection information display module. The information acquisition unit includes a video
acquisiion moduls, & parking space infrared projection module, and an infrared Imags Acguisition module, laser distancs
msasursmeant sensor moduls, speed measurament module, cenlral axis posiioning sensor moduls, bridge positioning module,
first Infrared signal emission module and second infrared signal emission modude. The invention has high safety performance,
can effectivaly improve the accuracy of the afrerafl berth, has a prompt function, and has a real-time data comparison funclion,
san ramotely contral the alrerafl berth, and meets the needs of fast, accurate and efficient berth guidance.

intelligent aircraft barth indicating system with high safely performance
Technical fisld

The iwention relates o the lechnical fisld of alrorall berth indication syslerns, In particuiar o an afreraft berth intslligent
fnddication systam with high safely performance.

Background tschnigqus

The alreraft berth automatis indication systam can provids accurate and standardized guidanes for safe and efficlent parking of
afrcraft on the apron, and guide pllots o park the airerafl in the oplimal procadurs, The aireraft berth process is an integral part
of flight operations, and the use of awdiary eqguipment 1o improve flight operation sficlency and safety is also an integral part of
airport modemization,

Howesver, fradional alrerafl berth indication systerns mainly use vidso measurement images recognition methods and trigger coll
induction detection methods. Video measurement image recognition methods use video camera Image tracking technaology fo
sapiure alroraft rgjectories, but they are greatly affected by waather and fight. Large ermors and a certain probabllty of arvor,
there are hidden safely hazards; the tigger coll induction detaction method is 1o determine the posiilon of the alreralt through
the induction coll burfed undsr the ground, which has the shorlcomings of easy damage, low agcuragy and low safely
parformancs; | is urgently neaded. An intelligent alroralt berth indication system with high safety performancs, prompt function,
multiple data comparison functions, remote control of alrerall for berth, and fast, accurale and efficient berth guldancs
requirements.

Theretfore, the present invention will provide an alreraft berth inteliigent indication systern with high safety performancs {o solve
the above-mentioned problems,

Summary of the invention

iy view of the shortcomings of the prior art, the prasent Invention provides an infeligent alreraft barth indication system with high
safety performance, which solves the problem of low safety parformancs, low indication accurany and iow afficiency of the
alroraft barth Indication systerm, which cannot satisfy fast, acourate and afficient barths The problem of gulding demand.
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in order 1o achieve the above obieclives, the present invention s achieved through the following technical solutions: an
intsiligent alrerafl berth Inclcalion system with high safety performance, ncluding an ivformation collection unlt, a8 berth
caleufation main confrel module, & bridgs sutomatic control module, 8 wirelsss communication modude, and 8 remote control
ceniar |, Information transcebrer module, Information processing and control module, infrared signal recelving moduls, alroralt
posiioning moduls, intelligent volos prompt module, real-time infrared imags dispiay module, data storage moduls and delection
information display module, the information acguisition unit includes a video acquisition module, Parking space infrared
projection maduls, infrared image acquisiion module, faser ranging sensor moduie, speed measurement modude, central axis
posifoning sensor module, bridge positfoning module, first infrared signal franamiling module and seoond infrared signal
transmitiing moduls, among which, The video acquisition module Is connecled with the berth calouiation mailn control moduls,
and is used o track and capiure the iraieclory of the alrerall running on the alrerafl berth towing channel. The berth infrared
projection madule is connected to the berth catculation main control moduls for Perform infrared projection on the parking spacs
on the afroraft berth fowing channel. The infrared Image acquisition module is gonnecisd o the berth caloulation main condrot
madule for real-iime caplure of the infrared projection image on the parking space and the airorafl image and running Fack. The
iaser distance msasursment sensor mothde and the spesd measurement module are respectively connectsd o the berth
calcutation maln control moduls for real-dime detection of the distance belween the alroraf! and the afroraft berth fowing channel
and the alroradt operating spesd. The central axds positioning sensor module is connecisd o the barth caleulation main condrol
module. The control maduie is connected to inslrust the alroraft to move straight along the center line of the alroraft berth towing
shamnel. The bridge positioning module s connected o the barth calculation main control module for detecting the helght
differancs between the bridge and the alreraft boarding gate. The infrared signal transmitling module and the second Infrared
signal ransmitting module are respectively connected o the berth caleulation maln control module for the positioning detection
of the aireraft boarding gate, and the bridge automatic sonfrol moduls is connsoted {o the berth calculation main contrel moduls
and is used o control the bridge Running o the position coresponding {o the boarding gate of the airorafl, the berth calcutation
main control module is connected 1o the remote conirel center hrough a wirsless communication module for remote controf, and
the berth calcuiation main control module is commected to the information processing and control modude thyough the information
franscaiver module The infrarsd signal rscsiving moedule is connected fo the information prosessing and control module, and is
used o receive infrared signals from the first infrared signal fransmitiing moduls and the second infrared signal fransmiiting
module. The aircrafl posilioning meduls is used for airoraft real-lime positioning, and the infslligent The volcse prompl module is
sonnectsd 1o the information processing and control modute, and s usad Tor voice prompling the pllol that the alroraft operation
iine deviates from the center line of the afrerafl berth towing channal. The real-time infrared image display moduls is connected
to the information processing and control maodule for real-fime display through recelving infrared The infrared projection
information callected by the Image acquisition moduls, the data storage maduls is connected to the information processing and
cantrol moduls, and is used fo store various detection data, calculation resuits, and for the information processing and control
moduls o exiract standard data, which is performed through the detsction information display module Display, and compare
with real-time detection data. The detection information display module is connesiad with the information procassing and control
module 1o display varlous data, detection information and caloulation resuits. Thersfore, It is convenient for the pliot to adjust the
running trajectory.

Further, the video acguisition module adopis a vidso camera, and caplures the trajeclory of the airoralt through image tfracking
fachnology.

Further, the parking space infrared projection moduls adopts an infrared projector to perform regional Infrared projection on the
parking spacs, and the alrcrafl body shell adopts & special material that dees not reflect light but reflects the Infrared light
source, Run the track to capiure,

Furthar, the laser ranging sensor module adopls g laser sensaor, and the speed measuring module adopts & speed sensor. There
are multiple laser sensors and speed sensars, and they are sorrespandingly arrangad on both sides of the alreraft berth towing
channel. The sensor and the spesd sensor are set alternalely.

Further, the cantral axis positioning sensing module adopts a first satellite positioning anfenna. The first sateliiis positioning
antenna is installed at the axal end of the centerling of the alroraft berth {owing channe! and is located al the ouler end of the
aircrall taks-off ling, and Is used o detect the body of the alreraft during opsration. The angle & the cenlerline,

Further, the first infrared signal transmitiing module and the second infrared signal ransmilting module respectively adopt a first
infrarsd transmitter and a second infrared transmitfer, The bridge Ihcludes a front section, & middie section and & rear section,
and the first infrared ansmilier corresponds fo Set on the sids of the middle section, the sscond infrared transmilier is
currsaspondingly sat on the top of the front seclion, the infrared signal receiving module adopts an infrared receiver matching the
models of the first infrared transmitter and the sscond infrared fransmifier, and the infrared recebser iz set at Al the uppsy end of
the alroraft boarding gals, the height of the infrared recelver, the first infrared fransmifler and the second infrared transmitter are
ihe same. Ths bridge positioning modide adopts the second satsliiie positioning antenna, which is correspondingly installed at
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the top of the front section and located at the second infrared transmitier The side of the device is used o detect the helght
difference betwaen the front section and the alreraft gats In real ims,

Further, when the bridge s in the hitial state, the axial direction of the middie ssction and the axial direction of the alreralt barth
fowing channad are amangad al an acute angle, the Tirst infrared fransmitter Is Instalisd on the side of the middls section closse to
the airoralt, and the first infrared fransmitier emils The dirsction of the Infrared signal is perpendicutar to the axls of the alroraft
enh towing channsl.

Further, the detection information display module adopts a touch soreen, which is convenient for pllots to perform man-machine
interaction.

Compared with the prior ant, the advantages of this inveniion are:

1.

The intefligent airoraft parking indicator system with high safety performance s set through the video acguisition module in the
information acguisition unil, the parking space infrared projsciion moduls and the infrared image acquisiion module o achieve
aircralt recognilion and posiion detection through dual image tacking and running track capture. |, Effscthvely reduce the
detection srror, improve the berth accuracy and high safety.

&

The intslligent afroraft berth indication sysiem with high safely performance uses the laser ranging ssnsor module, spesd
measurement module, ceniral axis posifioning sensor module, bridgs positioning moduls, first infrared signal amission module
and second infrared signal emission module In the information acquisiion unit The coordinated setting can assist the fowing
airorat to drive straight on the alroraft berth towing channel, provide fast, accurate and efficient berth guidance for the alroraft,
further improve the berth acourasy, and cooperate with the aulomalic control moduis of the bridge o realizs the automation of
the bridge Docking, high work efficiency.

3.

The intetligent afrerall barth indication system with high sefety performance, through the berth calouiation main control module,
information transcelver module, information procassing and control module, data storage module and detection information
display module, through the coordinated saiting of the berth oalculation maln control module to collect the delection The dala
and caloulation rasulis are sent {o the information processing and contrel modiiis through the information ranscelver moduls,
and the data is displayed through the detsction information display module. Al the same time, the siandard data information sent
pack through the data storage module s displaved. Through real-time comparison of the delection data and slandard dats, #tis
sonvenient for the pllod to perform Flight trajectory adiustment {o achisve precise barths.

4.

The inbeliigent aircraft berth indication systern with high safely performance can intelligently promnt the pilot to adjust the berth
through tha coopsration of the berth calculation main control module, wireless communication module, remote confrol center,
information procassing and confrol moduls, and indstiigent voloe prompt module. Remots control of alroralt berth.

Description of the drawings
Figure 1 is a simpiified schemalic diagram of the aireralt berth towing channgl in the present invention;
Figurs 2 Is a simpiifisd Bustralion of infrared projection of parking spacas in the presant invention;

Figure 3 Is a schemalic block diagram of the information acquisition unit and berth operation main control module in the
irpesntion

4 s & block diagram of the principle of the berth operafion maln control module and the information processing and control
module In the present invention;

Figure & s a funclional block diagram of the information processing and control module and sach moduls In the prassnt
invention;

Fig. 8 s a simpliffed diagram flusirating the refationship betwesn the alrerafl and the ridge In the present nvention whan they
are docksd of not.
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in the figure: 1. inforrealion acquisition unit; 101, video acquisition module; 102, parking space infrared projection module; 1063,
infrarsd image acguisiion module; 104, faser ranging sensor modube; 108, spesd measurement module; 106, cenfral axds
positfoning Sensing module; 107, corridor positioning module; 108, first infrared signal transmilter module; 108, second Infraved
signal fransmitter modile; 2. berth operation main control module; 3 bridgs auvtomatic control module; 4. wirsless
sommunication madule; 5. Remole control center; €. Information transceiver module; 7. information processing and contro
module; 8 infrared signal recelving modude; 8. Alreratt positioning moduds; 10, intslligent voles prompt moduls; 11, Realdims
infrarsd image display module; 12, Dala storage module; 13, alreralt berth fowing channad; 14, alroraft; 18, berth; 18, bridge;
16801, front section; 1802, middie saction; 1803, rear seclion; 17, delection information display module.

detailed description

The technical solifions in the embodiments of the present invention will be clearly and compisisly deswibed below iIn
conjunction with the accompanying drawings i the embodiments of the present hwention. Obviously, the described
ambodimants are only a part of the embodiments of the present Invention, rathar than all the embodiments.

Based on the embadiments of the present invention, all other embadiments obiained by those of ordinary skilf In the ant withowt
creative work shall fall within the protection scope of the present hwantion.

Ag shown in Flagures 1-8, the pressnt invention provides a technioal solution: an intelliigent alreraft berth indication system with
high safely performance, including an information collection unlt 1, a berth caloulation main control medule 2, an aulomatic
wridge control module 3, and wirsless communication Module 4, remols control canter 5, information transcelver moduls §,
information processing and control moduls 7, infrared signal receiving maodule 8, airorafl posilioning moduls 8, inlelligent volos
prompt module 10, real-ims infrared Image display module 11, data storage moduls 12 and detection Information display
module 17, information acquisitfon unit 1 hcludes video acquisiion module 101, parking space infrared projection moduls 102,
infrared image acquisition module 103, iaser ranging sensor module 104, spesd measurement module 108, central axis
posiioning sensar module 108, and bridge The positioning module 107, the first infrared signal transmitiing module 108 and the
sacond infrared signal transmitiing module 108, wheralh the video acquisition moduls 101 is connected o the berth arithmetic
maln control module 2 and s used to nags the abroralt 14 ninning on the alroraft berth towing channal 13 For tracking and
capluring of oparating trajectories, the parking space infrared projestion module 102 s connected to the berth calouiation maln
cantrol madule 2 for infrared projection of the parking spacs 185 on the alreraft berth lowing channel, and the Infrared image
acqguisition moduls 103 I8 connected i the berth calculation maln conirol Module 2 It connected Yor real-time caplurs of the
infrared projaction image on the parking space 15 and the alrerafl 14 imags and running frajectory. The lassr ranging sensor
moduls 104 and the speed measurement module 108 are respaciivaly connectad o the berth computing main control module 2
for Perform reai-tims detection of the distance belween the alrerafl 14 and the alroraft berth towing channel 13 and the operating
speed of the afroralt 14, The central axis positioning sensing module 108 is connected to the berth calculation main conirol
moduls 2 and is used to hstruct the alreraft 14 along the center iing of the airoraft berth towing channal 13 In operation, the
pridge postiioning module 107 is connacted o the berth calculation main control module 2 for delecting the height difference
hetwaan the bridge 16 and the boarding gale of the akorafl 14, The first infrared signal transmitiing modile 108 and the second
infrarsd signal transmitting module 108 are respeciively connscted o the berth The calculation main control module 2 is
connscied for the positfioning detection of the boarding gals of the afrerall 14, and the bridgs automatic conired module 3 i
sonnectsd with the berth calculation maln control module 2 io condrol the operation of the bridge 18 fo the position
corrasponding to the boarding gate of the alrerafl 14, The herth calouiation main control madule 2 is connected o the remols
cantrol canter § thvough the wireless communication module 4 for ramots contred. The barth calculation main control module 218
sonnectsd o the information processing and condrol module 7 through the information ranscsiver module €, and the infrared
signal recalving module 8 Is conneclad fo The information procsasing and control module 7 s connected o recelve infrared
signale from the first infrared signal transmiting roodiude 108 and the ssoond infrared signal transmitting module 108, The aireraft
posifioning moduls 9 is used for real-time posiiioning of the alroraft 14, and the intalligent voice prompt module 10 is connected
to the information processing and The control module ¥ is connected {o voice prompt the pilot that the operating line of the
afroraft 14 deviates from the center line of the alroraft berth fowing channel 13, and ths real-time infrared image display module
11 is connecled fo the information processing and control module 7 for real-ime display by recsiving from the infrared image
acquisiion module 103 Collected infrared projection information, data siorags module 12 and information processing and
sonirol module 7 connection, used to store varbous test data, caloulation resulls and for the information processing and conired
module ¥ to sxtract standard data, and dispiay # through the test information display module 17, and compars it with real-ims
test data, The test information display module 17 and The information processing and control moduls 7 s connscted o display
various data, detection information and caloulation results, which s convenient for the pilot 1o adjust the running frack.

Spscifically, the video capture module 101 uses a video camera o caplure the trajectory of the alrorafl 14 through image
tracking technology.
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Specifically, the parking space infrared prolection module 102 uses an infrared prajector {o perform regional infrared projection
ai the parking space 18, The alrerafl body shell uses a special material that doss not reflsct ight but reflects the Infrared Hght
source. 14 o caphire the running frack.

Specifically, the laser ranging sensor moduie 104 adopls a iaser sensor, and the speed measuring module 108 adopts & spead
sensor. Thers are mulliple laser sensors and spesd sensors, and they ars corrsspondingly arrangsd on both sides of the aireralt
Berth towing channel 13, The sensor and the speed sensor are sel alternatady.

Bpacifically, the central axds posttioning sensor module 108 adopts a first satelfits positioning antenna, which is instalied at the
axial snd of the center fine of the alroraft berth fowing channel 13 and located at the outer end of the take-off ine of the alroraft
14 for detecting the alrorafl 14 The angle between the bady and the centerline during oparation.

Bpacifically, the first infrared signal fransmiting module 108 and the sscond infrared signal transmitting module 108 respectively
adopt a first Infrared transmitter and 8 sscond infrared ransmiiter. The bridgs 18 includes a front section 1801, a middls section
1802, and a rear section 1803, The transmitier is correspondingly arranged on the side of the middis section 1802, and the
second infrared ransmilter is correspondingly arangsd on the top of the frant section 1801, The Infrared signal recedving
module 8 adopts an Infrared recelver that matches the models of the first infrared transmilter and the second Infrared
ransmiiter. The recsiver is arranged at the uppsr end of the boarding gals of the alroraft 14, The infrared recslver, the first
infrared transmitter and the sacond infrared ransmiller are al the samse height. The bridge positioning moduls 107 uses a
ssoond satelile posilioning antenna, which is corsspondingly instalisd on the top of the front section 1801 and Localed on the
side of the second infrared tranemiiter, it is used to detect the height difference batween the front section 1801 and the boarding
gats of the afroraft 14 in real time,

Speciically, when the bridge 18 is in the inillal siate, the axial divection of the middie ssction 1802 and the axial direction of the
aircrafl berth towing channst 13 are arranged af an acute angie. The first infrared transmitter is installed on the side of the
middie ssction 1802 close to the alroralt 14, and The direction of the infrared signal smitted by the infrared ransmitler is
parpandicuiar to the ads of the alrerafl berth towing channe! 13,

Specifically, the delection information display modida 17 adopls a fouch screen o faclitale the pilols human-computer
interaction.

When in uss, hrough the coordinalsd setting of the video acquisition module 131, the parking space Infrared projection module
102 and the Infrared Imags acquisition module 103 v the Information acquisiion unit 1, the aireraft 14 idsntification and position
defecton are realized through dual Image tracking and running track caplure; The laser distance maasuremant sensor modile
104, the speed measurement module 105, the cantral axds positioning sensor module 108, the bridge positioning module 107,
the first infrared signal transmittsr module 108 and the second infrared signal transmitler moduls 108 In the information
caffection unit 1 can be configured in cooperation The auxiiiary towing alrcrafl 14 travels In a straight line on the airoraft berih
fowing channet 13, providing fast, accurale and efficient berth guldance for the afrerafty through the berth caloulaion main
control module 2, the information transcelver module 8, the Information processing and control module 7, and the dala storags
module 12 I conjunciion with the detaction information display maduls 17, the ocolisciad defection dala and caloudation resulis
are sent io the information processing and confrol module 7 through the information transceiver module € through the berth
calculation main control module 2, and the debection information dispiay module 17 performs dala dispiay. Display the stendard
data information sent back through the data sforage module 12, and compars the detection dala with the standard data in reat
fime, which is convenient for pilols 1o adiust the fight iraleclory and achieve precise berth; through the berth calouiation main
cantrol moduls 2, wirsless communication module 4, remols control center 5 |, The coordinaled amangement of the information
processing and control module ¥ and the inleliigent volce prompt module 10 can intsiligently prompt the pliot to adjust the besth,
and at the same time realize the remote control of the alreraft 14 berth,

in summary, the present invention has high safety performancs, can sffectively improve the accuracy of the alreraffs 14 berths,
has a prompt function, and has a real-ime data comparison function. it can remotaly control the alrerafts 14 berths and mest
the neads of fast, acourate and efficlent berth guldance. .

it should be nofed that in this articls, relational terms such as first and second are only used fo distinguish one entity or
operation from another entity or operation, and do not nocassarlly require or imply one of these entities or operations. Thers is
any such actual redationship of order between,

oo

Moreover, the terms “including”, "including” or any other variation thereof ars intended 1o cover non-exclusive inclusion, so that a
procass, method, articls, or devies that inciudes a serles of elemants includes not only those slements, but also those that are
not axplicitly Hsted Cther slements of, or also include slemanis inherent {o this process, method, arlicle or eguipment,

if there are no more resirictions, the slement defined by the sentence “including a.." does not exciude the axistence of other
sames sisments in the process, method, article, or equipment including the elemsnt.
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Although the embodiments of the present lnvention have been shown and desoribed, those of ordinary skill in the art can
undersiand that various changes, modiffications, and substitutions can bs mads to these smbodiments withowt depariing from
the principle and spiit of the present nvention. And varfants, the scops of the prassnt wention is definsd by the appended
claims and thelr squivalents. i should be noted that the slectrical components appearing in the text are all connectad to the

wdermal main controlisr and 220V mains, and the main controier can be a computer Wall for the conventional kKnown equipment
o control,
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MULTI-SENSOR DATA FUSION-BASED AIRCRAFT DETECTION,
TRACKING, AND DOCKING

Technical Field

The present disclosure relates to detection, tracking, and docking

aircraft in a taxiway, apron, or ramp area of an airport.

Background

Airport gates on the airside of an airport are characterized as parking
spaces that are designed to enable the parking of aircraft of different
dimensions (e.g., based on wingspan, fuselage length) and, in many
situations, access to a ramp to allow for the ingress and egress of
passengers and crew to the aircraft. These spaces, called ramp areas or
parking stands, are size-constrained, particularly when there are fixed
obstacles (e.g., stand furniture) in close proximity to an aircraft when it is
being parked. Hazards associated with aircraft maneuvering and parking,

therefore, make the accuracy of aircraft position on-stand more critical.

Aircraft pilots (self-powered) or tug drivers (aircraft is being towed)
pull aircraft into gates with visual guidance provided by a marshal and wing-
watchers to safely park the aircraft in a gate area (e.g., where the area is in
contact with the gate or remote therefrom). A marshal aligns the nose wheel
with a guidance line and designates when to stop the aircraft at the
designated stop position. Wing-watchers stop movement of any ground
vehicles in proximity to the aircraft and ensure clearance of wingtips from

any obstacles.

Manual approaches to these repetitive tasks have long been error
prone and consistency in visual guidance to pilots from different parts of the
world has been problematic. Accordingly, there has been movement toward
using automated systems for some of these tasks or to assist in the

1
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guidance of the aircraft have seen the need for an automated system. Such

systems are generally referred to as — Docking Guidance Systems (DGS).

Early approaches to DGS leveraged mirrors but posed significant
limitations and distracted the pilot. Subsequent approaches to DGS
leveraged intrusive technologies like induction loops, again with significant
limitations.

Regulatory requirements too evolved and as technologies became
more capable, DGS system evolved from being Visual Docking Guidance
Systems (VDGS) to Advanced Visual Docking Guidance Systems (A-
VDGS). This included for providing active azimuth guidance with deviation
calculated by the system. Further various aircraft models (types/sub-types)
got introduced to meet the demand for air travel and airports equally
adopted more complicated gate designs, like Multiple Aircraft Ramp Stands
(MARS).

Today, airports also use systems that relay information to the pilots
for managing aircraft movement in areas further away from the ramp area
and use lasers to track an aircraft's movement on the ground. However,
conventional laser/LIDAR systems have issues with: a curved approach of
an aircraft to a ramp area, long range detection of the aircraft as it
approaches, dark colored aircraft detection, and thick snow/foggy/heavy rain
conditions or conditions with precipitation. Also, they do not generate
images for use by the system, so there are no image archives for incident

analysis, among other issues.

Other airports use camera systems that relay information to the pilots
for managing aircraft movement in areas close to the ramp area and use
cameras to track the aircraft's movement. Camera systems airports
currently use may have issues with accuracy of docking due to accuracy of
distance measurements, and they have precise calibration requirements
which can make the system difficult to set up and be relied upon for

accurate measurements. Camera systems also may not require frequent
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calibrations and monitoring of the systems, and can have no redundancy if
the camera system malfunctions or cameras are obscured for some reason,

among other potential issues.

Because of the above issues, airports using these systems face failed
dockings where the aircraft is too far forward or back from the ramp, not
parallel with or aligned with the lead-in line or not positioned on the lead-in
line, which may cause the delays and additional adjustments by the pilot and
ground crew to make the aircraft and ramp line up despite improper
positioning of the aircraft. This can be particularly problematic in multiple
taxiway systems, where precision is even more important.  These current
technologies also both still continue to fall short on the ability to meet the
critical requirements of today’s airports, which can include: having a long
scan range of, for example, more than 150m; being operationally flexible
and adaptable; being auto-calibration able, allowing for detection and
tracking of aircraft, vehicles, people, etc.; providing aircraft type and/or sub-
type identification; providing accurate and repeatable guidance; improved
safety through apron mapping, wing tip clearance, obstacle detection, FOD,
etc.; improved surveillance by being an extension to surveillance sensors

that cover gate areas; all weather capable; and low maintenance.

Brief Description of the Drawings

Figure 1 illustrates a number of aircraft ramp area arrangements that
can be used in accordance with one or more embodiments of the present

disclosure.

Figure 2 illustrates an imaging and LIDAR/Radar sensing
arrangement in accordance with one or more embodiments of the present

disclosure.

Figure 3 illustrates a flow diagram of a system showing some
components of the system and some functions of the system in accordance

with one or more embodiments of the present disclosure.
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Figure 4 illustrates a two dimensional display of a three dimensional
(3D) model of an aircraft and sample point cloud data set in accordance with

one or more embodiments of the present disclosure.

Figure 5 illustrates a computing device for use in accomplishing ramp
area aircraft movement functions in accordance with one or more

embodiments of the present disclosure.

Figure 6 illustrates a memory location in a computing device of a
docking system in accordance with one or more embodiments of the present

disclosure.

Figure 7 illustrates a method for detection, tracking, and docking
aircraft in a taxiway or ramp area of an airport in accordance with one or

more embodiments of the present disclosure.

Detailed Description

Based on the increased capacity over airspace and passenger
throughput, most larger airports are seeing an increasing number of aircraft
movements per day. With limited infrastructure, it can be difficult for the
airports to manage the increased demand and capacity. The embodiments
of the present disclosure overcome the above challenges, by improving
ground operations to reduce aircraft turnaround time. The embodiments
also can potentially optimize the amount of the time required for the aircraft

to be to complete the turnaround process, among other benefits.

Benefits of the concepts proposed herein are important to an airport
because of several factors. For example, some factors include: the safety of
the aircraft and ground operators during the ramp operations from docking
to pushback; early detection of aircraft via the docking system’s long range
capabilities to meet ripple taxiway lines; precise and/or accurate docking so
that there is no significant time taken for connecting a ramp or the need for

tow vehicles to adjust the docking; obstacle detection prior to docking; and
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pre-positioning of the ramp area equipment before the docking to reduce

turnaround times. Further, the solutions herein can be beneficial in aircraft
detection at all times during the day and night, in all weather conditions, in
all lighting conditions, and for all aircraft types and subtypes with all colors,

unlike prior systems.

In the following detailed description, reference is made to the
accompanying drawings that form a part hereof. The drawings show, by
way of illustration, how one or more embodiments of the disclosure may be

practiced.

These embodiments are described in sufficient detail to enable those
of ordinary skill in the art to practice one or more embodiments of this
disclosure. It is to be understood that other embodiments may be utilized
and that process, computerized, and/or structural changes may be made

without departing from the scope of the present disclosure.

As will be appreciated, elements shown in the various embodiments
herein can be added, exchanged, combined, and/or eliminated so as to
provide a number of additional embodiments of the present disclosure. The
proportion and the relative scale of the elements provided in the figures are
intended to illustrate the embodiments of the present disclosure and should

not be taken in a limiting sense.

The figures herein follow a numbering convention in which the first
digit or digits correspond to the drawing figure number and the remaining
digits identify an element or component in the drawing. Similar elements or
components between different figures may be identified by the use of similar
digits. For example, 116 may reference element “16” in Figure 1, and a

similar element may be referenced as 216 in Figure 2.

[P]

As used herein, “a@” or “a number of” something can refer to one or
more such things. For example, “a number of 3D models” can refer to one
or more 3D models. Further, as used herein, the term “docking system” is
used by itself to refer to the broad system that controls the docking process.

5
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The “docking system” includes a central docking system component and a
ramp docking system component that each provide different functions within

the overall docking system, as will be discussed in more detail below.

Figure 1 illustrates a number of aircraft ramp area arrangements that
can be used in accordance with one or more embodiments of the present
disclosure. In Figure 1, the three arrangements at the top illustrate a
number of embodiments using one sensor array (i.e., a combination of at
least one camera image sensor and at least one laser/radar sensor,
described herein as a LIDAR/Radar sensor, but embodiments are not so
limited) with aircraft 101 located in ramp areas 100. The bottom three
arrangements show embodiments having multiple sensor arrays, as will be

discussed in more detail below.

Each arrangement has several common elements. For example, all
of the arrangements include a ramp area wherein at least a portion of the
ramp area is within the field of view 104 of at least one sensor of a sensor
array 102. Although described herein as a “ramp area”, the ramp area as
used herein merely means a parking space for an aircraft located on the
airside apron of a gate at an airport and although described herein using the
term “ramp”, the space may sometimes be in a location where passengers
and crew access the aircraft via stairs from the tarmac and a ramp is not
used. The embodiments of the present disclosure may be used in such

arrangements as well.

Each arrangement also includes at least one aircraft 101 in the ramp
area and wherein at least a portion of the aircraft is within the field of view of
the image sensor of sensor array 102. In some of the arrangements, a large
aircraft arrangement is superimposed over a small aircraft arrangement to

show the versatility of these ramp area configurations.

The arrangements also all show at least one lead-in line 106 that
indicates to the pilot the correct path to follow to position the aircraft in the

correct position and orientation with the ramp area. These lead-in lines can
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be painted on the tarmac and/or can be virtual lines provided on a display
viewed by the pilot on a pilot unit computing device. In arrangements where
the ramp area is used with multiple aircraft types, such as the large and
small arrangements shown, lead-in lines can be provided for each aircraft
and the pilot will need guidance to know which lead-in line to follow based

on their type of aircraft.

With respect to the single sensor array embodiments, the
embodiment on the top left shows an aircraft 101 moving into a ramp area
within the field of view 104 of sensor array 102 having a camera image
sensor and a LIDAR/Radar sensor (together represented at 112). Although
most of the lead-in paths are indicated as straight into the ramp area, but at
different positions within the field of view. The top left arrangement
illustrates that the aircraft has altered its path (the curvature shown
represents the mid-course adjustment) to align itself with the correct lead-in
line. It is the concepts disclosed herein that allow for such precise

adjustment during movement of the aircraft.

The arrangements on the bottom provide several multiple sensor
embodiments. As can be discerned by the illustration, using multiple sensor
arrays 102, can allow for more precise movements and can allow for aircraft
docking scenarios the are not straight, such as those shown on the bottom

of the illustration (straight arrangements shown on top).

For example, in the bottom left arrangement, two sensor arrays are
provided in a single location (e.g., one device with multiple arrays or multiple
arrays in close proximity to each other). In this example, the two sensors
have a different field of view, with one having a wide field of view (dashed
line 107 nearly parallel to the surface of the array) and the other sensor

having a narrower field of view 104.

In this manner, the arrays collect different information from their
positions that can aid in determining the six dimensional information

discussed below and can be helpful in providing data for creating the 3D
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model discussed herein. The information can be particularly beneficial
where the fields of view overlap as those areas then have data from two
sources and at different positions, which can be very helpful with respect to

3D modeling and in determining position, orientation, and movement.

The bottom middle arrangement, has two sensor arrays spaced apart
from each other. In this embodiment, one sensor array 102-1 has one
camera image sensor with a field of view 104-1 and one LIDAR or Radar
sensor. The second sensor array 102-2 includes multiple camera image
sensors each having a different field of view (104-2 and 104-3). As with the
bottom left arrangement, the arrays collect different information from their
respective positions that can aid in determining the six dimensional
information discussed below and can be helpful in providing data for

creating the 3D model discussed herein.

The bottom right arrangement has two arrays spaced apart from each
other, but the arrays each have one camera image sensor and one
LIDAR/Radar sensor. As can be seen in this arrangement, there are a lot of
overlapping fields of view (104-1 and 104-2) between the two arrays. As
with the other bottom arrangements, the arrays collect different information
from their respective positions that can aid in determining the six
dimensional information discussed below and can be helpful in providing
data for creating the 3D model discussed herein. It should be noted that the
bottom arrangements also allow for a larger field of view area than the top

arrangements due to the spacing of the sensors or type of sensors used.

As discussed above, in order to achieve these benefits, the
embodiments of the present disclosure include all camera image, laser and
radar sensors. For example, the camera sensor capability can provide the
detection of the aircraft from the longer distances, such as from the ramp
area stand entry lead-in lines and the LIDAR/Radar can provide the clear
guidance to the aircraft to perform the precise docking. The data from

multiple systems are collected and merged via a data fusion process
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described herein which provides a rich data set to track and provide

guidance to the aircraft, from entry into the ramp area to docking.

As shown in Figure 1, areas of the aircraft such as the fuselage 103,
the tail 111, the wings 113, and the engines 115 can be in the field of view of
the camera image sensor 104 (e.g., illustrated in the top right arrangement).
As discussed below, characteristics of these aircraft features and
characteristics of other features can be used to identify the aircraft’s type

and/or subtype using the processes discussed herein.

Figure 2 illustrates an imaging and LIDAR/Radar sensing
arrangement in accordance with one or more embodiments of the present
disclosure. Figure 2 provides a closer, side perspective of a ramp area
within an airport 200 according to an embodiment of the present disclosure.
In the embodiment, the camera image sensor 222 and LIDAR/Radar sensor
220 form sensor array 202. This view also illustrates that the field of view
224 has a vertical spread in addition to the horizontal spread generally

illustrated in Figure 1 with respect to the field of view 104.

This data is helpful in creating the 3D model of the aircraft which is
used to identify the type and/or subtype of the aircraft, among other uses.
Also, as shown in Figure 2, characteristics of the aircraft 201, such as shape
of the fuselage 230, number, shape, and position of passenger windows 228
and pilot windows 226 can be ascertained from the data captured by the
camera image sensor 222 depending on the angle of approach of the

aircraft to the sensor 222.

Further, the data captured can also indicate positioning of the wheel
234 to the stop point 233 (at stop bar in Figure 2). Additionally, the
LIDAR/Radar sensor can gauge the distance d to the aircraft to determine

whether the aircraft is nearing the stop point 233.

Figure 3 illustrates a flow diagram of a system showing some
components of the system and some functions of the system in accordance

with one or more embodiments of the present disclosure. Figure 3 shows a
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central docking system controller 340 of the docking system connected to a
number of other devices and systems from which the central docking system

controller 340 receives data and/or sends data.

For instance, components including the LIDAR/Radar sensor 342, the
ADS-B system 344, the imaging sensor 346, and the airport computing
system 361 are examples of components that send data to the central
docking system controller 340. The ramp docking system controller 362 and
pilot unit display 364 are examples of components that receive information

from the central docking system controller 340.

As discussed herein, a LIDAR/Radar system includes computing
device executable instructions and data to operate the LIDAR/Radar sensor
342, capture LIDAR/Radar sensor data, and send the data to the central
docking system controller 340 for processing. These functions can be
carried out in one or more devices and some of these functions may be

provided by the central docking system controller 340.

The LIDAR/Radar system provides its data as a plurality of
LIDAR/Radar data points, referred to herein as a LIDAR/Radar point cloud
(illustrated at 468 of Figure 4), that are collected as the LIDAR/Radar scans
over surfaces of the aircraft. The LIDAR/Radar data can also include
distance information 352, indicating, for example, the distance of the front

surface of the fuselage of the aircraft to the LIDAR/Radar sensor.

Although LIDAR/Radar sensing is discussed primarily herein, it
should be noted that other light/radio based detection and ranging
methodologies may be used to provide the functions of the LIDAR/Radar
system described herein. Suitable LIDAR/Radar sensing methodologies
include those that scan the aircraft with a LIDAR/Radar sensor by sweeping
the laser/radio signals across the aircraft in at least one of a horizontal or
vertical direction or both. One suitable laser sensing system is a light
detection and ranging (LIDAR) system and a suitable radio signal scanning

system is Radio Detection and Ranging (RADAR).
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As discussed herein, a camera image system includes computing
device executable instructions and data to operate the camera image sensor
346, capture image sensor data, and send the data to the central docking
system controller 340 for processing. These functions can also be carried
out in one or more devices and some of these functions may be provided by
the central docking system controller 340. The camera image system
provides its data as image data captured from the imaging sensor and can
be data representing frames of video data or one or more still images, for

example, taken in a sequence.

In embodiments of the present disclosure, an image processing
system is used to create an initial aircraft 3D model (these functions are
shown at 354 and 356 of Figure 3) and LIDAR/Radar point cloud analytics
(these functions are shown at 348 and 350 of Figure 3), utilized by a
LIDAR/Radar module (shown at 671 of Figure 6), provide the point cloud for
the aircraft that is nearing the ramp area. In some embodiments, the
embodiment includes machine learning/deep learning capabilities wherein
both of the data outputs get fused by the data fusion module to derive the

hybrid accurate aircraft model and/or type and/or subtype detection.

In some embodiments, the LIDAR/Radar point cloud creation, image
processing 3D model creation, and data fusion can be real-time processes,
depending on the computing and networking speed of the docking system,
which derives the speed and position of the aircraft. This will provide the
input to the central docking system controller to provide the clear information
to use in pilot unit display messages that can be used to provide directional

and/or speed guidance to the pilot.

The docking systems of the present disclosure aircraft detection
methodology analyze not only the outline shape of a 3D model of an aircraft
composed from camera image data, but characteristic shape feature
parameters of an aircraft including, for example: the number, position,

and/or shape of pilot and/or passenger windows; engine location; engine
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cover size; number of engines; wing span; wing edge to nose end distance;
wing shape; fuselage size and/or shape; tail size and/or shape; tail tip
height; nose dimensions; and/or other features. The docking system will
also collect data for some similar parameters from the LIDAR/Radar system.
Then, based on the data from both data sets, the docking system will
determine the position and orientation of the aircraft, its speed, and/or its
distance to a stop point where the aircraft is the correct distance from the

gate in the ramp area.

Several embodiments are discussed herein. For example, one
method embodiment includes receiving camera image data of an aircraft
while the aircraft is approaching or in the ramp area, receiving LIDAR/Radar
sensor data of an aircraft while the aircraft is approaching or in the ramp
area, merging the camera image data and the LIDAR/Radar sensor data
into a merged data set, and wherein the merged data set includes at least
one of: data for determining the position of the aircraft relative to the position
of the ramp area, data for determining the orientation of the aircraft relative
to the orientation of the ramp area, data for determining speed of the
aircraft, data for determining direction of the aircraft, data for determining
proximity of the aircraft to a particular object within the ramp area, and data
for forming a three dimensional virtual model of at least a portion of the

aircraft from the merged data.

In some embodiments, in order to identify a probable aircraft type, the
docking system can use LIDAR/Radar data and machine learning and
image data (at 354 of Figure 3) to determine aircraft 3D model, then merging
the data together using data fusion module 358. This merged data can be
used to provide a determination of aircraft type and determination of speed
and distance 360. For example, the docking system can compare a three
dimensional virtual model to one or more aircraft reference models stored in
memory of a computing device to find a match between the three
dimensional virtual model and one of the aircraft reference models to

determine an aircraft type.
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In some embodiments, the docking system does not need to find an
exact match to a reference model, but can use a statistical probability
algorithm to consider how closely the approaching aircraft matches a
reference aircraft based on the data’s closeness to matching a characteristic
of an aircraft (e.g., pilot window position, shape, orientation, nose shape, tail
tip height, etc.). As discussed herein, the docking system can receive
aircraft type data from the airport’s computing system. The docking system
can then compare the determined aircraft type with an aircraft type provided
in gate arrival information (e.g. from the airport computing system) to
determine that the aircraft type that is approaching or in the ramp area is the
correct aircraft type.

If the docking system confirms that the correct type of aircraft is
entering the ramp area, the docking system can forward guidance
information to be displayed by a pilot unit computing system 364 on the
aircraft and ramp docking system controller 362 to assist the pilot in
positioning and orienting the aircraft correctly with respect to the ramp area
and any objects in the ramp area.

If the aircraft is going to the wrong ramp area, the docking system
can send information to the pilot indicating that they are going to wrong
ramp area. In some embodiments, the docking system can instruct the pilot
to stop talking so that they can receive important information.

Through use of this data, embodiments of the present disclosure can,
for example, provide ramp area object detection and the presence of foreign
objects in the ramp area. For example, the docking system can locate
objects in the ramp area and monitor proximity of the aircraft to a particular
object within the ramp area including using data for determining proximity of
the aircraft to a piece of equipment on a ramp area tarmac surface or near a
stop point. Further, some embodiments can be utilized with several ramp
area layouts including: single funnel w/single lead-inline, multiple lead-in

lines with single funnel where the lead-in lines are converging, and two
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monitored for aircraft and objects as discussed herein.

Embodiments can also identify a region of interest of a ramp area.
For example, an area of interest can be the area that the aircraft will occupy
when positioned correctly or a path through the ramp area through which the
aircraft will traverse to arrive at the stop point. This can be helpful to identify
objects that will need to be moved before or as the aircraft approaches the

ramp area.

The docking system can also validate the 3D model based on
comparisons with the other models stored and already identified as certain
aircraft models to identify which type of aircraft is coming into the ramp area
and compare that information with aircraft arrival information to ensure the
correct type of aircraft is coming into the ramp area. In some embodiments,
the 3D model database and the comparison functionality can be expanded
and precisioned based on the use of machine learning. With more models
and a higher success rate of positive identifications, the docking system can
more accurately identify that the approaching aircraft is of the correct aircraft
type and may be able to make the identification more quickly, allowing for an
incorrect aircraft to be notified and guided to change course before it enters

the ramp area.

One suitable camera system includes: at least one sensor (e.g. single
camera or dual camera sensor models), an image processor, and memory.
The docking system collects data from one or more frames of image data
captured by the image sensor. One suitable system collects image data at,
for example, 30 frames per second. As discussed herein, this image data

can be used to create a 3D model of the aircraft.

The camera can, for example, include mono or multi-mode sensors,
such as high definition camera sensors that can capture the field of view of

the apron, including most or all of the ramp area and, potentially, some area
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outside the ramp area where an aircraft will taxi through to get to the ramp
area.

To accomplish this, the camera can, for example, use a camera
based pose detection algorithm that uses 3D models of aircraft and image
contours to estimate six dimensions (6D) of pose (i.e., X, y, z, roll, pitch, and
yaw) of the aircraft to perform a vision pose estimation process.

This 6D of pose estimation can be accomplished by, for example,
orienting the projection of the 3D model within an image plane by using a
calibrated camera (wherein the image plane is defined as part of the
calibration process and wherein the image plane is associated with a real
world plane of the ramp area) and then comparing the projection with image
contours of the aircraft (from the camera image data). From this data, the
six dimensions of the aircraft in the image can be determined.

Additionally, once the camera image data and data have been
collected, a data fusion process can occur, where qualities of each data set
can be used together to identify the 6D elements. One process for
accomplishing data fusion can be to: receive data to be used to form a 3D
point cloud from the sensor, calculate a transformation between the
coordinates of the system and a vision coordinate system of the camera
image system (representative of a real world coordination system of the
ramp area), determine an estimated pose of the 3D model from the vision
pose estimation process described above. This transformation can be
accomplished, for example, by having the sensor data analyzed using a
point cloud process to correlate points in the sensor data to points in the
camera image data.

This pose can also be determined from any other sensor type, such
as from an automatic dependent service — broadcast (ADS-B). An ADS-B
system is an in air communications system that broadcasts position,
velocity, and other parameters and can be used with embodiments herein to
improve aircraft tracking, especially just prior to and entering the camera

field of view.
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The process also can include: registering point cloud data generated
out of the 3D model and 3D point cloud data from the sensor, through an
iterated point cloud algorithm (ICP). This registration between the two point
cloud data sets can create a final improved pose which is the fusion of both
point clouds. As used herein, the process of point cloud analytics refers to
registering the points on the point cloud, formed from the image sensor data,
to positionally similar data points received from the sensor. This can be
accomplished, for example, by mapping both data sets to a virtual space
having a common coordinate system.

This improved pose can, for example, be used to find the kinematics
of the approaching aircraft using an estimation algorithm (e.g., velocity,
acceleration, etc.). The improved pose from the fusion process and the 3D
model can also be used to mask out an area occupied by aircraft (e.g.,
define an aircraft shaped space). In some embodiments, using this mask
process, the docking system can search for potential obstacles in the
masked area and find places to move them that are located in the non-
masked part of the ramp area, using the camera image data. Simply stated,
to accomplish this, the docking system identifies objects that are not the
aircraft and spaces that are not the masked area.

The docking system can also utilize airport gate information in its
analysis. For example, once an airport gate has been assigned by the
airport computing system, that information is forwarded to the central
docking system. This data includes gate arrival information such as, for
example, an aircraft type scheduled to arrive at the gate.

As discussed herein, the docking system can receive information
about an incoming flight from the airport computing system 361. For
example, the data received from the airport computing system can include
an aircraft type - 832N, among other information relevant to docking. For
example, a database in the airport computing system can communicate with
a central aircraft docking control system at the airport and to the docking

system at the particular ramp area where the aircraft is attempting to dock.
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The central docking system has a set of aircraft templates stored in
memory. The central docking system uses the 832N aircraft type to identify
which template represents the type of aircraft arriving at the ramp area and
provides that information to the docking system at the ramp area.

In some embodiments, the docking system will search the area it can
sense for that aircraft type until it comes into the area. Once an aircraft is
sensed, the docking system then checks to see if it is the correct type of
aircraft. In some embodiments, camera image data and LIDAR/Radar
sensor data can be compared to identify whether an aircraft is present in
both the camera image data and the LIDAR/Radar sensor data. This can,
for example, be done before merging the camera image data and the
LIDAR/Radar sensor data. In this way, computing resources won’t be
wasted on analysis of objects that are not aircraft.

A suitable guidance range for such systems is that the LIDAR/Radar
sensing range of the docking system should allow for sensing to at least the
last 25 meters from the stop point. The guidance module of the central
docking system can, for example, provide the remaining distance and the
horizontal deviation with respect to the center line of the path (e.g., lead-in
line) that the aircraft is supposed to follow. This can provide the pilot with
directions regarding how to get the aircraft to the correct location. In some
embodiments, the guidance system can indicate to the pilot when to brake in
order to stop on the stop point.

The docking system can also provide and monitor maximum speeds
for approaching a gate. These speed thresholds can be set and monitored
and instructions can be passed to the pilot to slow down. For example, in
some embodiments, the determined speed, position, orientation, and/or
direction can be sent to a ramp docking system controller device in the ramp
docking system and then passed to the pilot unit computing device. After
docking at the stop point, the use of chocks can be identified and
communicated to the pilot via the central docking system controller, so the

pilot knows that they should not try to move the aircraft.
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In some embodiments, this information can also be sent to a
passenger computing device on the aircraft, so passengers can see when
they arrive in the ramp area. This may be beneficial at larger airports where
the aircraft may taxi for a long period.

In addition to providing a very robust data set and offering significant
additional analysis functionalities, embodiments of the present disclosure
also provide redundancy if either the LIDAR/Radar or imaging system are
not functioning. This can be highly beneficial in allowing the airport gate to
continue to function even if one of the two systems is not operating.

Figure 4 illustrates a two dimensional display of a three dimensional
(3D) model of an aircraft and sample point cloud data set in accordance with
one or more embodiments of the present disclosure. Figure 4 illustrates the
differences between the point cloud data 468 and the 3D model data 470 as
illustrated in a virtual 3D space. As can be understood from this
comparison, the two data sets are very distinctly different and each has its

beneficial uses, as discussed herein.

Figure 5 illustrates a computing device for use in accomplishing ramp
area aircraft movement functions in accordance with one or more
embodiments of the present disclosure. Computing device 543 is a typical
computing device that can be used as the airport computing system, as the
central docking system controller 340, as the ramp docking system
controller 362, and/or as the pilot unit 364, as described in Figure 3. In the
system illustrated in Figure 5, the system 541 includes a computing device
543 having a number of components coupled thereto. The computing
device 543 includes a processor 545 and memory 547. The memory 547
can include various types of information including data 555 and instructions

551 executable by the processor 545, discussed herein.

Memory and/or the processor may be located on the computing
device 543 or off the device, in some embodiments. The system can
include a network interface 553. Such an interface can allow for processing

on another locally networked computing or other device or devices on other
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networks. For example, the network interface can include a computing
device having Internet access for allowing access to the airport computing
system or to access other computing resources to access flight information.

As illustrated in the embodiment of Figure 5, a system can include
one or more input and/or output interfaces 557. Such interfaces can be
used to connect the computing device with one or more input or output
devices. These devices can be used to receive or access data that can be
used to accomplish the functions described herein.

For example, in the embodiment illustrated in Figure 5, the system
541 can include connectivity to a camera image device 559 (sensing
device), a LIDAR/Radar sensing device 561, an input device 563 (e.g., a
keyboard, mouse, touch screen, etc.), a display device 565 (e.g., a monitor)
and/or one or more other input devices. The input/output interface 557 can
receive data, storable in the data storage device (e.g., memory 547), for
example, representing the sensor data or aircraft type information discussed
herein, among other information.

The processor 545 can be configured to execute instructions stored
in memory to execute functions of the docking system and/or provide the
functionalities described herein, and can provide those details to a display
565 (e.g., on a graphical user interface (GUI) running on the processor 545
and visible on the display 545).

Such connectivity can allow for the input and/or output of data and/or
instructions among other types of information. Although some embodiments
may be distributed among various computing devices within one or more
networks, such systems as illustrated in Figure 5 can be beneficial in
allowing for the query, analysis, and/or display of information discussed

herein.

Figure 6 illustrates a memory location in a computing device of a
docking system in accordance with one or more embodiments of the present
disclosure. Memory 647 includes executable instructions 651 that can be

grouped into modules based on the functionality the grouped instructions
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provide. The main functionality modules used by the docking system are: a
docking module 670, a LIDAR/Radar module 671, a camera image module

672, a data fusion module 673, and a guidance module 674.

Data 655 is also stored in memory that is used with each of the
executable instruction modules to accomplish that module’s specific
functions. Accordingly, memory includes a docking datastore 680, a
LIDAR/Radar datastore 681, a camera image datastore 682, a data fusion
datastore 683, and a guidance datastore 684. This data can include items
such as sensor data, aircraft type data, data for configuring 3D virtual
spaces to be presented on a display, a library of models of aircraft already
identified, and other such data useful to accomplish the functions discussed

herein.

Figure 7 illustrates a method for detection, tracking, and docking
aircraft in a taxiway or ramp area of an airport in accordance with one or
more embodiments of the present disclosure. In the method of Figure 7, the
method recites: receiving camera image data of an aircraft while the aircraft
is approaching or in the ramp area, at block 790. The method also includes:
receiving LIDAR/Radar sensor data of an aircraft while the aircraft is

approaching or in the ramp area, at block 792.

At block 794, the method merges the camera image data and the
LIDAR/Radar sensor data into a merged data set. The merged data set
includes, at block 796, at least one of: data for determining the position and
orientation of the aircraft relative to the position and orientation of the ramp
area, data for determining speed of the aircraft, data for determining
direction of the aircraft, data for determining proximity of the aircraft to a
particular object within the ramp area, and data for forming a three
dimensional virtual model of at least a portion of the aircraft from the merged
data. Such a method can provide a robust, merged data set that can

provide many benefits over prior systems, as discussed herein.
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Although specific embodiments have been illustrated and described
herein, those of ordinary skill in the art will appreciate that any arrangement
calculated to achieve the same techniques can be substituted for the
specific embodiments shown. This disclosure is intended to cover any and

all adaptations or variations of various embodiments of the disclosure.

It is to be understood that the above description has been made in an
illustrative fashion and not a restrictive one. Combination of the above
embodiments, and other embodiments not specifically described herein, will

be apparent to those of skill in the art upon reviewing the above description.

The scope of the various embodiments of the disclosure includes any
other applications in which the above structures and methods are used.
Therefore, the scope of various embodiments of the disclosure should be
determined with reference to the appended claims, along with the full range

of equivalents to which such claims are entitled.

In the foregoing Detailed Description, various features are grouped
together in example embodiments illustrated in the figures for the purpose of
streamlining the disclosure. This method of disclosure is not to be
interpreted as reflecting an intention that the embodiments of the disclosure

require more features than are expressly recited in each claim.

Rather, as the following claims reflect, inventive subject matter lies in
less than all features of a single disclosed embodiment. Thus, the following
claims are hereby incorporated into the Detailed Description, with each

claim standing on its own as a separate embodiment.
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Claims

What is claimed:

1. A method for tracking an aircraft, comprising:

receiving camera image data of an aircraft while the aircraft is
approaching or in the ramp area;

receiving LIDAR/Radar sensor data of an aircraft while the aircraft is
approaching or in the ramp area;

merging the camera image data and the LIDAR/Radar sensor data
into a merged data set; and

wherein the merged data set includes at least one of: data for
determining the position and orientation of the aircraft relative to the position
and orientation of the ramp area, data for determining speed of the aircraft,
data for determining direction of the aircraft, data for determining proximity
of the aircraft to a particular object within the ramp area, and data for
forming a three dimensional virtual model of at least a portion of the aircraft

from the merged data.

2. The method of claim 1, wherein the method includes:

comparing the three dimensional virtual model to one or more aircraft
reference models stored in memory of a computing device to find a match
between the three dimensional virtual model and one of the aircraft

reference models to determine an aircraft type.

3. The method of claim 1, wherein the method includes:
comparing the determined aircraft type with an aircraft type provided
in gate arrival information to determine that the aircraft type that is

approaching or in the ramp area is the correct aircraft type.

4. The method of claim 1, wherein the method includes:
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scanning the aircraft with a LIDAR/Radar sensor with a sweep of the
LIDAR/Radar across the aircraft in at least one of a horizontal or vertical

direction or both.

5. The method of claim 4, wherein the method includes:

comparing the camera image data and the LIDAR/Radar sensor data
to identify that an aircraft is present in both the camera image data and the
LIDAR/Radar sensor data.

6. The method of claim 1, wherein the gate arrival information is

received from an airport computing system.

7. The method of claim 1, wherein the method includes:

comparing the camera image data and the LIDAR/Radar sensor data
to identify that an aircraft is present in both the camera image data and the
LIDAR/Radar sensor data before merging the camera image data and the
LIDAR/Radar sensor data.

8. The method of claim 1, wherein the data for determining proximity of
the aircraft to a particular object within the ramp area include data for

determining proximity of the aircraft to a stop point.

9. The method of claim 1, wherein the data for determining proximity of
the aircraft to a particular object within the ramp area include data for
determining proximity of the aircraft to a piece of equipment on a ramp area

tarmac surface.

10. A method for tracking an aircraft, comprising:
receiving camera image data of an aircraft while the aircraft is

approaching or in the ramp area;
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determining a portion of the camera image associated with the
aircraft;

receiving LIDAR/Radar sensor data of an aircraft while the aircraft is
approaching or in the ramp area;

determining a portion of the LIDAR/Radar sensor data associated
with the aircraft;

merging the camera image data and the LIDAR/Radar sensor data
associated with the aircraft into a merged data set; and

wherein the merged data set includes at least one of. data for
determining the position and orientation of the aircraft relative to the position
and orientation of the ramp area, data for determining speed of the aircraft,
data for determining direction of the aircraft, data for determining proximity
of the aircraft to a particular object within the ramp area, and data for
forming a three dimensional virtual model of at least a portion of the aircraft

from the merged data.

11.  The method of claim 10, wherein the method includes:
comparing the three dimensional virtual model to one or more aircraft
reference models to find a match between the three dimensional virtual

model and one of the aircraft reference models to determine an aircraft type.

12. The method of claim 11, wherein comparing the three dimensional
virtual model to one or more aircraft reference models includes comparing at
least one of:

wing edge to nose end distance;

tail tip height;

number of windows;

position of windows;

size of windows;

number of pilot windows;

position of pilot windows;
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number of engines;

engine cowl type;

engine cowl size;

fuselage length;

number of windows in fuselage;
wing span size;

height of the nose from ground;
position of engines; and

nose dimensions.

13. The method of claim 10, wherein the method includes sending at
least the determined speed and direction to a ramp docking system
controller device.

14.  The method of claim 13, wherein the method includes also sending at

least the determined position and orientation to the ramp docking system

controller device.

15. The method of claim 10, wherein the method includes sending at
least the determined position and orientation to a ramp docking system

controller device.

16.  The method of claim 10, wherein the method includes sending at
least one of the determined speed, direction, position, and orientation to a

pilot unit computing device on the aircraft.

17.  The method of claim 10, wherein the method includes sending at
least one of the determined speed, direction, position, and orientation to a

passenger computing device on the aircraft.

18. A system tracking an aircraft, comprising:
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a camera image sensor for capturing camera image data of an
aircraft while the aircraft is approaching or in the ramp area;

a computing device having memory associated therewith for receiving
the camera image data from the camera image sensor;

a LIDAR/Radar sensor for capturing LIDAR/Radar sensor data of an
aircraft while the aircraft is approaching or in the ramp area;

the computing device for receiving the LIDAR/Radar sensor data and
merging the camera image data and the LIDAR/Radar sensor data
associated with the aircraft into a merged data set; and

wherein the merged data set includes at least one of: data for
determining the position and orientation of the aircraft relative to the position
and orientation of the ramp area, data for determining speed of the aircraft,
data for determining direction of the aircraft, data for determining proximity
of the aircraft to a particular object within the ramp area, and data for
forming a three dimensional virtual model of at least a portion of the aircraft

from the merged data.

19.  The computing device of claim 18, wherein the LIDAR/Radar sensor
data is analyzed using a point cloud process to correlate points in the

LIDAR/Radar sensor data to points in the camera image data.

20.  The computing device of claim 18, wherein the computing device
analyzes the camera image data to identify that an aircraft is approaching or

in the ramp area.
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Abstract of the Disclosure

Tracking aircraft in and near a ramp area is described herein. One
method includes receiving camera image data of an aircraft while the aircraft
is approaching or in the ramp area, receiving LIDAR/Radar sensor data of
an aircraft while the aircraft is approaching or in the ramp area, merging the
camera image data and the LIDAR/Radar sensor data into a merged data
set, and wherein the merged data set includes at least one of: data for
determining the position and orientation of the aircraft relative to the position
and orientation of the ramp area, data for determining speed of the aircraft,
data for determining direction of the aircraft, data for determining proximity
of the aircraft to a particular object within the ramp area, and data for
forming a three dimensional virtual model of at least a portion of the aircraft

from the merged data.
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Filing Date
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First Named Inventor

Rajesh V. Poojary
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inventor or Joint Inventor (title not required below)
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The undersigned (whose title is supplied below) is authorized to act on behalf of the applicant (e.g., where the applicant is a juristic entity)
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Name Gregory M. Ansems,,Registration No. 42,264 4
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and certifications. If more than one applicant, use multiple forms.
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Send completed form to: Commissioner for Patents
£.0. Box 1450, Alexandria, VA 22313-1450

Appiication Number (if known): Filing Date:

First Named {nventor: Attormney Docket Number:

Rajesh V. Poojary H215046-US

Title (Reqguired)

MULTI-SENSOR DATA FUSION-BASED AIRCRAFT DETECTION, TRACKING, AN

Check either box 1 or 2 below, but pot both:

1. By checking this box, the undersigned hereby grants the USPTO authority to provide the European
Patent Office (EPQ), the Japan Patent Office (JPO}, the Korean Intellectual Propeny Office (KIPQO), the State
intellectual Property Office of the People’s Republic of China (SIPQ), the World Intellectual Property
Organization(WIPQ), and any other foreign intellectual property office participating with the USPTO in a bilateral
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patent application is filed, access to: (1) the instant patent application-as-filed and its related bibliographic data,
(2) any foreign or domestic application to which priority or benefit is claimed by the instant application and its
refated bibliographic data, and (3) the date of filing of this Authorization. See 37 CFR 1.14(h)(1).

2. By checking this box, the undersigned hereby rascinds the previous authority aranted fo the USPIO o
provide the EPQ, JRPQ, KIFOQ, SIPO, WIPO or any other foreign intellectual property office participating with the
USPTO in a bilateral or multilateral priority document exchange agreement access 1o the documents and
information identified in paragraph 1 above.

This rescission of the previous authorization will not be effective unless and until an appropriate USPTO official
recognizes and acts on the rescission.

However, once the application has published or is otherwise publicly available, the USPTO may provide
access to the application in accordance with 37 CFR 1.14.

NOTE: This form must be signed by an authorized party in accordance with 37 CFR 1.14{c}. Please see 37 CFR 1.4(d)
for the form of the signature. if necessary, submit multiple forms for more than one signature, see below.”

Signature /Mark R. Berger/ Date 2020-08-03
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Name of Assignee Honeywell International Inc. Tie Patent Attorney

{if applicable) (if applicable)

*Total of 1 __________ forms are submitted.

rad by 37 CFR 1.14{h). The information is required o obtain or retain a benefit by the public which is to file {and by the

onfidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 8 m 5
complete, including gathering, preparing, and subm the completed application form to the . Time will vary depending up: individuat case. Any
comments on the amoun me you require to comy is form and/or suggestions for reducing this burden, shouid 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 223131456,
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LISPTO to process) an application

If you need assistance in completing the form, calf 1-800-PTQ-8199 and seiect option 2.

Ex. 1002 - ADB Safegate et al.
ADB Safegate et al. v. Honeywell International Inc. - PGR2023-00053

Page 229



Privacy Act Statement

The Privacy Act of 1974 {P.L. 83-879) requires that you be given certain information in connection with your submission
of the attached form related to a palent 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 358 U.S.C. 2(b){2); (&) furnishing of
the information soliciled is voluntary; and (3) the principal purpose for which the information is used by the U.S. Paleni
and Trademark Office is 1o process and/or examine your submission relaled to a patent application or patent. if you do
not furnish the requested information, the U.S. Patent and Trademark Cffice may not be able o process and/or examine
your submission, which may result in termination of proceadings or abandonment of the application or expiration of the

patent.

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

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of information
Act (5 U.8.C. 552) and the Privacy Act (5 U.8.C 852a). Records from this sysiem of records may be disclosed {o
the Depariment of Justice io determine whether disciosure of these records is required by the Freadom of
information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence {o
a courl, magistraie, or administrative tribunal, including disclosures to opposing counsel in the course of
seltlement negotiations.

Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, 1o whom the record periains, when the individual has requested assistance from
the Member with respect to the subject matier of the record.

Arecord in this system of records may be disclosed, as a routine use, to a conlractor 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 1874, as amended, pursuant io 5 U.8.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, o the International Bureau of the World intelflectual Properly
Qrganization, pursuant to the Patent Cooperalion Treaty.

Arecord in this system of records may be disclosed, as a routine use, fo another federal agency for purposes of
National Security review (35 11.5.C. 181) and for review pursuant {o the Alomic Energy Act (42 U.S.C. 218(c)).
A record from this sysiem of records may be discliosed, as a routing use, o the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency’s responsibility io
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2804
and 2908. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (ie., 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, {o the public after either publication of
the application pursuant io 35 U.8.C. 122(b) or issuance of a patent pursuant io 35 U.S.C. 151. Funher, a
record may be disclosed, subject {o 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
appilication is referenced by either a published appiication, an application open io public inspection or an issued
patent.

A record from this system of records may be disclosed, as a routine use, o a Federal, Stale, or local law
enforcement agency, if the USPTO bacomes aware of a violation or poleniial violation of law or reguiation.
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Doc Code: SREXR141
Document Description: Auth or Resc of Auth to Access Search Resulis

PTO/SB/ES (11-18)

AUTHORIZATION OR RESCISSION OF AUTHORIZATION TO PERMIT ACCESS TO
SEARCH RESULTS BY THE EUROPEAN PATENT OFFICE (EPO)

Send compleied form to: Commissioner for Patenis
P.0O. Box 1450, Alexandria, VA 22313-1450

Application Number (if known): Filing Date:

First Named inventor Attormney Docket Number:

Rajesh V. Poojary H215046-US

Title (Required)

MULTI-SENSOR DATA FUSION-BASED AIRCRAFT DETECTION, TRACKING, AN

Check either box 1 or 2 below, but pot both:

1. By checking this box, the undersigned hereby grants the USPTO authority (o provide the EPO
access to the bibliographic data and search resulis from the instant patent application when a European patent
application claiming priority o the instant application is filed. See 37 CFR 1.14(h){2).

The applicant is reminded that the EPCO’s Ruie 141(1) EPC (European Patent Convention) requires applicants {o
submit a copy of search resulis from the instant application without delay in a European patent application that
claims priority {o the instant application.

2. E} By checking this box, the undersigned hereby rescinds the previous authority granted to the

This rescission of the previous authorization will not be effective unless and until an appropriate USPTO official
recognizes and acts on the rescission.

However, once the application has published or is otherwise publicly available, the USPTO may provide
access o the application in accordance with 37 CFR 1.14.

NOTE: This form must be signed by an authorized party in accordance with 37 CFR 1.14{¢}). Please see 37 CFR 1.4(d)
for the form of the signature. If necessary, submit multiple forms for more than one signalure, see below.”

/Mark R. Berger/ 2020-08-03
Signature Date

Mark R. Berger Practitioner 62556
Name Reqgistration Nurnber
{Print/Typed) {If applicable)

_ Honeywell International Inc. , Patent Attorney

Name of Assignee Title
{if applicable} (if applicable)

*Total of ! forms are submitted

If you need assistance in completing the form, call 1-800-PT0O-9189 and select option 2.
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Privacy Act Statement

The Privacy Act of 1974 {P.L. 83-879) requires that you be given certain information in connection with your submission
of the attached form related to a palent 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 358 U.S.C. 2(b){2); (&) furnishing of
the information soliciled is voluntary; and (3) the principal purpose for which the information is used by the U.S. Paleni
and Trademark Office is 1o process and/or examine your submission relaled to a patent application or patent. if you do
not furnish the requested information, the U.S. Patent and Trademark Cffice may not be able o process and/or examine
your submission, which may result in termination of proceadings or abandonment of the application or expiration of the

patent.

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

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of information
Act (5 U.8.C. 552) and the Privacy Act (5 U.8.C 852a). Records from this sysiem of records may be disclosed {o
the Depariment of Justice io determine whether disciosure of these records is required by the Freadom of
information Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence {o
a courl, magistraie, or administrative tribunal, including disclosures to opposing counsel in the course of
seltlement negotiations.

Arecord in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, 1o whom the record periains, when the individual has requested assistance from
the Member with respect to the subject matier of the record.

Arecord in this system of records may be disclosed, as a routine use, to a conlractor 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 1874, as amended, pursuant io 5 U.8.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, o the International Bureau of the World intelflectual Properly
Qrganization, pursuant to the Patent Cooperalion Treaty.

Arecord in this system of records may be disclosed, as a routine use, fo another federal agency for purposes of
National Security review (35 11.5.C. 181) and for review pursuant {o the Alomic Energy Act (42 U.S.C. 218(c)).
A record from this sysiem of records may be discliosed, as a routing use, o the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency’s responsibility io
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2804
and 2908. Such disclosure shall be made in accordance with the GSA regulations governing inspection of
records for this purpose, and any other relevant (ie., 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, {o the public after either publication of
the application pursuant io 35 U.8.C. 122(b) or issuance of a patent pursuant io 35 U.S.C. 151. Funher, a
record may be disclosed, subject {o 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
appilication is referenced by either a published appiication, an application open io public inspection or an issued
patent.

A record from this system of records may be disclosed, as a routine use, o a Federal, Stale, or local law
enforcement agency, if the USPTO bacomes aware of a violation or poleniial violation of law or reguiation.
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Honeywell Docket No. H215046-US

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION
USING AN APPLICATION DATA SHEET (37 CFR 1.76)
(Based on PTOJAIA/01)

Title of Invention: MULTI-SENSOR DATA FUSION-BASED AIRCRAFT DETECTION, TRACKING, AND DOCKING

As the below named inventor(s), | hereby declare that:

This declaration is directed to:

_X_the attached application, or

___ 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.

| have reviewed and understand the contents of the application, including the claims, and
am aware of the duty to disclose to the Office all information known to me to be material to
patentability as defined in 37 CFR 1.56.

LEGAL NAME OF INVENTOR

Inventor: Rajesh V. Poojary Date: 01/08/2020

L

Signature:
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Honeywell Docket No. H215046-US

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION
USING AN APPLICATION DATA SHEET (37 CFR 1.76)
(Based on PTOJAIA/01)

Title of Invention: MULTI-SENSOR DATA FUSION-BASED AIRCRAFT DETECTION, TRACKING, AND DOCKING

As the below named inventor(s), | hereby declare that:

This declaration is directed to:

_X_the attached application, or

___ 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.

| have reviewed and understand the contents of the application, including the claims, and
am aware of the duty to disclose to the Office all information known to me to be material to
patentability as defined in 37 CFR 1.56.

LEGAL NAME OF INVENTOR

Inventor: Raghu Seelamonthula Date;_01/08/2020
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Signature:

Ex. 1002 - ADB Safegate et al.
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Honeywell Docket No. H215046-US

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION
USING AN APPLICATION DATA SHEET (37 CFR 1.76)
(Based on PTOJAIA/01)

Title of Invention: MULTI-SENSOR DATA FUSION-BASED AIRCRAFT DETECTION, TRACKING, AND DOCKING

As the below named inventor(s), | hereby declare that:

This declaration is directed to:
X __ the attached application, or

___ 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.

| have reviewed and understand the contents of the application, including the claims, and
am aware of the duty to disclose to the Office all information known to me to be material to
patentability as defined in 37 CFR 1.56.

LEGAL NAME OF INVENTOR

Inventor: Vinay Sridhara Murthy Date: _ 01/08/2020

Signature:
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Honeyweil Docket No. H215046-US

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION
USING AN APPLICATION DATA SHEET (37 CFR 1.76)
{Based on PTO/AIAIGY)

Title of invention: MULTLSENSOR DATA FUSION-BASED AIRCRAST DETECTION, TRACKING, ASD DOCKING

As the below named inventor(s), | hereby declare that:

This declaration is directed to:
X __ the attached application, or

_ United States application or PCT international application numbey
filted on i

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 inveniion in
the application.

| hereby acknowledge that any williui false staternent made in thiz declaration | i
punishable under 18 U.8.C. 1001 by fine or imprisonment of not more than five
or both.

{ have reviewed and understand the contents of the application, inc fuding
am aware of the duty to disclose to the Office all information known to me to b
patentability as defined in 37 CFR 1 56.

LEGAL NAME OF INVENTOR

inveniorn Manu Sharma

Signaturs

Ex. 1002 - ADB Safegate et al.
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