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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

| APPLICATION NO. ISSUE DATE PATENT NO. ATTORNEY DOCKET NO. CONFIRMATION NO.
12/460,139 11/06/2012 8305840 038495/369324 9769
826 7590 10/17/2012
ALSTON & BIRD LLP
BANK OF AMERICA PLAZA

101 SOUTH TRYON STREET, SUITE 4000
CHARLOTTE, NC 28280-4000

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 284 day(s). Any patent to issue from the above-identified application will
include an indication of the adjustment on the front page.

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the
Office of Patent Legal Administration at (571)-272-7702. Questions relating to issue and publication fee
payments should be directed to the Application Assistance Unit (AAU) of the Office of Data Management
(ODM) at (571)-272-4200.

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

Brian T. Maguire, Broken Arrow, OK;

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.  RAY-1002
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Appl. No.: 12/460,139
Amdt. dated: 11/30/2011
Reply to Office Action dated 09/22/2011

Change(s} appl ied

to clocument,

DS/
5/16/2012

Amendments to the Specification

At page 11, please amend paragraph 0056 as follows:

[0055]
166564 The sonar signal processor 32 may be any means such as a device or circuitry

operating in accordance with software or otherwise embodied in hardware or a combination of
hardware and software (e.g., a processor operating under software control or the processor
embodied as an application specific integrated circuit (ASIC) or field programmable gate array
(FPGA) specifically configured to perform the operations described herein, or a combination
thereof) thereby configuring the device or circuitry to perform the corresponding functions of the
sonar signal processor 32 as described herein. In this regard, the sonar signal processor 32 may
be configured to analyze electrical signals communicated thereto by the transceiver 34 to provide
sonar data indicative of the size, location, shape, etc. of objects detected by the sonar system 30.
In some cases, the sonar signal processor 32 may include a processor, a processing element, a
coprocessor, a controller or various other processing means or devices including integrated
circuits such as, for example, an ASIC, FPGA or hardware accelerator, that is configured to
execute various programmed operations or instructions stored in a memory device. The sonar
signal processor may further or alternatively embody multiple compatible additional hardware or
hardware and software items to implement signal processing or enhancement features to improve
the display characteristics or data or images, collect or process additional data, such as time,
temperature, GPS information, waypoint designations, or others, or may filter extraneous data to
better analyze the collected data. It may further implement notices and alarms, such as those
determined or adjusted by a user, to reflect depth, presence of fish, proximity of other watercraft,
etc. Still further, the processor, in combination with suitable memory, may store incoming
transducer data or screen images for future playback or transfer, or alter images with additional
processing to implement zoom or lateral movement, or to correlate data, such as fish or bottom
features to a GPS position or temperature. In an exemplary embodiment, the sonar signal
processor 32 may execute commercially available software for controlling the transceiver 34
and/or transducer array 36 and for processing data received therefrom. Further capabilities of the

sonar signal processor 32 and other aspects related to the sonar module are described in U.S.

2 of 26 RAY-1002
30f 737




Receipt date: 10/28/2010 12460139 - GAU: 3662

Substitute for fi 1449/PTO Complete if Known
ubstitute for form ot
(Revised 07/2007) A.p.pllcatlon Number 12/460,139
Filing Date July 14, 2009
First Named Inventor Brian T. Maguire
INFORMATION DISCLOSURE 1 Unie T
STATEMENT BY APPLICANT , ,
(Use as many sheets as necessary) Examiner Name Not Yet Assigned Mames Hulka/
Sheet | 1 [ of | 1 Attorney Docket Number | 038495/369324
U. S. PATENT DOCUMENTS
Document Number
Examiner | Cite Publication Date Name of Patentee or Pages, Columns, Lines, Where
Initials* | No. | Number - Kind Code (if known) | MM-DD-YYYY Applicant of Cited Document Relevant PassagAes of Relevant Figures
ppear
. 1 US-3,618,006 11-02- Tire-Bueinz-Compane ight
Change(sJ w;!u_d 1971 erg
to documentt 2 US-4,879,697 11-07-1989 Lowrance, et al.
AT M/ 3 US-5,184,330 02-02-1993 Adams, et al.
5/30/2012 4 | US-5,694,372 12-02-1997 Perennes
US-
US-
US-
US-
FOREIGN PATENT DOCUMENTS
Pages, Columns, English
Foreign Patent Document Lines, Where Language
Examiner | Cite . Publication Date | Name of Patentee or Relevant Passages | Translation
Initials No. Country Code - Number Kind MM-DD-YYYY | Applicant of Cited Document or Relevant Figures | Aytached
Code (if known) Appear
5 WO 98/15846 04-16-1998 Rowe-Deines Instruments,
Incorporated
OTHER DOCUMENTS
: . . . . English Language
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the Translation
. . item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s) , volume-issue number(s), Attached
5:22;;’? gge publisher, city and/or country where published.
6 | International Search Report and Written Opinion mailed October 6, 2010, for
International Application No. PCT/US2010/039443
Examiner / / Date g
Signature fJames Hulka Considered 07/26/2011

*Examiner; Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line
through citation if not in conformance and not considered. Include copy of this form with next communication to
applicant.
Submitted: October 28, 2010 RAY-1002
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PART B - FEE(S) TRANSMITTAL

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

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (f 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 unlgss ooxjrtgctcgi below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
gapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

826 7590 07/23/2012
ALSTON & BIRD LLP Certificate of Mailing or Transmission
I hereby certify that this Fee(s) Transmittal is being deposited with the United
BANK OF AMERICA PLAZA States Postal Service with su(f icient postage for ﬁr%t clgss mail in an enveloj
101 SOUTH TRYON STREET, SUITE 4000 addrcss_eddto %e [I}Asalil'l‘gto 7{8%17,2321;%? addﬁes; abpvde., or b&iﬁg facsimile
CHARLOTTE, NC 28280-4000 transmitted to the ( ) - , on the date indicated below.
(Depositor's name)
(Signature)
(Date)
APPLICATION NO. I FILING DATE FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO. |  CONFIRMATION NO.
12/460,139 07/14/2009 Brian T. Maguire 038495/369324 9769

TITLE OF INVENTION: DOWNSCAN IMAGING SONAR

l APPLN. TYPE l SMALL ENTITY [ ISSUE FEE DUE IPUBLICATION FEE DUE lPREV. PAID ISSUE FEE ] TOTAL FEE(S) DUE l DATE DUE

nonprovisional NO $1740 $300 $0 $2040 10/23/2012
| EXAMINER | ART UNIT | crasssuscLass |
HULKA, JAMES R 3645 367-088000

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 1_Alston & Bird LLP

[J Change of correspondence address {or Change of Correspondence or agents OR, alternatively,

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

[ "Bee Address” indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to

PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3

Number is required. listed, no name will be printed.

w

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

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

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
NAVICO, INC. TULSA, OKLAHOMA

Please check the appropriate assignee category or categories (will not be printed on the patent) : [J individua ] Corporation or other private group entity [J Government
4a. The following fee(s) are submitted: 4b. Payment of Fee(s): (Please first reapply any previously paid issue fee shown above)

K] Issue Fee ’ (1 A check is enclosed.

Publication Fee (No small entity discount permitted) Payment by credit card. Form PTO-2038 is attached.

[ Advance Order - # of Copies &1 The Director is hereby authorized to charge tlieébqgﬁeg fee(s), any deficiency, or credit any

overpayment, to Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Ha Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Qb Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

pate ___September 26, 2012
PatriCk L Kartes Registration No. 64,678

Authorized Signature

Typed or printed name

This collection of information is required by 37 CFR 1.311. The information is rgﬂluired to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require to complete
this form and/or m:ﬁlgestions 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.
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Electronic Patent Application Fee Transmittal

Application Number:

12460139

Filing Date:

14-Jul-2009

Title of Invention:

DOWNSCAN IMAGING SONAR

First Named Inventor/Applicant Name:

Brian T. Maguire

Filer:

Patrick L. Kartes

Attorney Docket Number:

038495/369324

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

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

1740

1740

RAN 4

Publ. Fee- early, voluntary, or normal

1504

300

NAT=T

300 60f7

02




o ) Sub-Total in
Description Fee Code Quantity Amount USD($)
Extension-of-Time:
Miscellaneous:
Total in USD ($) 2040
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Electronic Acknowledgement Receipt

EFSID: 13847166
Application Number: 12460139
International Application Number:
Confirmation Number: 9769

Title of Invention:

DOWNSCAN IMAGING SONAR

First Named Inventor/Applicant Name:

Brian T. Maguire

Customer Number:

826

Filer:

Patrick L. Kartes

Filer Authorized By:

Attorney Docket Number: 038495/369324
Receipt Date: 26-SEP-2012
Filing Date: 14-JUL-2009
Time Stamp: 18:14:00

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment

yes

Payment Type Deposit Account
Payment was successfully received in RAM $2040

RAM confirmation Number 7546

Deposit Account 160605

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

File Listing:
Document L. . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
369324 _| F T ittal 113870
1 Issue Fee Payment (PTO-85B) —IssUe_ defe_ ransmittal. no 1
p 157235901 1ca376dacObcca720e647d586d|
8cad3
Warnings:
Information:
32172
2 Fee Worksheet (SB06) fee-info.pdf no 2
ec20140e7 chaecaba878de80f6404e0c9d21|
3a8e
Warnings:
Information:
Total Files Size (in bytes); 146042

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.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
12/460,139 07/14/2009 Brian T. Maguire 038495/369324 9769
826 7590 08/14/2012
ALSTON & BIRD LLP | EXAMINER |
BANK OF AMERICA PLAZA HULKA, JAMES R
101 SOUTH TRYON STREET, SUITE 4000
CHARLOTTE, NC 28280-4000 | ARTONIT | pameNuMmEr |
3645
| NOTIFICATION DATE | DELIVERY MODE |
08/14/2012 ELECTRONIC

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

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

usptomail @alston.com
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UNITED STATES DEPARTMENT OF COMMERCE

U.S. Patent and Trademark Office
Address : COMMISSIONER FOR PATENTS
P.O. Box 1450
Alexandria, Virginia 22313-1450

BANK OF AMERICA PLAZA
101 SOUTH TRYON STREET, SUITE 4000

APPLICATION NO./ FILING DATE FIRST NAMED INVENTOR / ATTORNEY DOCKET NO.
CONTROL NO. PATENT IN REEXAMINATION
12/460,139 14 July, 2009 MAGUIRE, BRIAN T. 038495/369324
EXAMINER
ALSTON & BIRD LLP

JAMES HULKA

CHARLOTTE, NC 28280-4000 ART UNIT PAPER
3645 20120803
DATE MAILED:

Please find below and/or attached an Office communication concerning this application or

proceeding.

Commissioner for Patents

IDS dated 31 July 2012 has been considered, and is attached to this office action.

/ISAM ALSOMIRI/

Supervisory Patent Examiner, Art Unit 3645

/d. H./

Examiner, Art Unit 3645

PTO-90C (Rev.04-03)
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Receipt date: 07/31/2012 12460139 - GAU: 3645

Substitute for form 1449/PTO Complete if Known
(Revised 07/2007) Application Number 12/460,139
Filing Date July 14, 2009
INFORMATION DISCLOSURE First Named Inventor Maguire
STATEMENT BY APPLICANT Art Unit 3645
(Use as many sheets as necessary)
Examiner Name J. R. Hulka
Sheet | / [ of | 4 Attorney Docket Number 038495/369324
U. S. PATENT DOCUMENTS
Document Number
Examiner | Cite Publication Date Name of Patentee or Pages, Columns, Lines, Where

Relevant Passages of Relevant

Initials* No. Number - Kind Code (if known) MM-DD-YYYY Applicant of Cited Document .
Figures Appear

1 | US-3,975,704 08-17-1976 Klein
2 | US-5,675,552 10-07-1997 Hicks et al.
3 | US-6,445,646 09-03-2002 Handa et al.

FOREIGN PATENT DOCUMENTS

Foreign Patent Document Pages, English Language
Examiner | Cite Publication Date | Name of Patentee or Columns, | Translation Attached
Initials No. | Country Code — Number Kind MM-DD-YYYY | Applicant of Cited Document L"‘es{ Where
Code (if known) Piz:vant
ges or
Relevant
Figures
Appear
4 JP 4-357487 A 12-10-1992 | Furuno Electric Co. %
5 WO 84/01833 Al 05-10-1984 | Levy
6 WO 03/009276 A2 01-30-2003 Tera Tech Corp
* Abstract only
OTHER DOCUMENTS
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of Eng-}g;;:g%ﬁage
. . the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s) , volume-issue Attached
Examiner Cite number(s), publisher, city and/or country where published.
Initials* No.
7 International Search Report for Application No. PCT/US05/27436 dated
November 20, 2007; 1 page
3 International Preliminary Report on Patentability for Application No.
PCT/US05/27436 dated December 6, 2007; S pages
9 Translation of Notice of Reason(s) for Rejection for Japanese Application No.
2007-524919 dated August 16, 2011; 4 pages
10 Communication [extended European Search Report] for European Application
No. 05782717.2-2220 dated August 31, 2011; 12 pages
Examiner fJames Hulka/ Date 08/03/2012
Signature Considered

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

applicant. LEGAL02/33545027v1
Submitted July 31, 2012
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Receipt date: 07/31/2012

12460139 - GAU: 3645

Substitute for form 1449/PTO Complete if Known
(Revised 07/2007) Application Number 12/460,139
Filing Date July 14, 2009
INFORMATION DISCLOSURE First Named Inventor Maguire
STATEMENT BY APPLICANT Art Unit 3645
(Use as many sheets as necessary)
Examiner Name J. R. Hulka
Sheet | 2 |of | 4 Attorney Docket Number 038495/369324
OTHER DOCUMENTS
. . . . . English Language
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of Translation
. . the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s) , volume-issue Attached
E}’;:r;‘;fr gge number(s), publisher, city and/or country where published.
11 Communication for European Patent Application No. 05782717.2-2220 dated
May 11, 2012: 9 pages
12 AUSTRALIAN GOVERNMENT, DEPARTMENT OF SUSTAINABILITY,
ENVIRONMENT, WATER, POPULATION AND COMMUNITIES; Fact Sheet
— The RV Tangaroa, date unknown; 3 pages
13 BLONDEL, PHILIPPE; The Handbook of Sidescan Sonar; © 2009; 316 pages
14 CALCUTT, RON; Lowrance Book of Sonar & GPS; ©1986; and Lowrance
Book of Sonar & GPS Update; 1997; collectively 122 pages
15 DERROW, I, ROBERT W. ET AL., A Narrow-Beam, Side-Looking Sonar for
Observing and Counting Fish in Shallow Aquaculture Ponds; 1996; 34 pages
16 DSME E&R LTD.; Remotely Operated Sonar Boat System (SB-100S);
http://dsmeu.en.ec21.com/Remotely Operated Sonar_Boat_System-
618904 2479905 .html; printed on February 12, 2010; 3 pages
17 EAGLE ELECTRONICS; Ultra 3D Installation and Operation Manual; © 2002;
24 pages
18 FURUNO ELECTRIC CO., LTD.; Side Looking Sonar, Model SL-16, 1983; 4
pages
19 GEOACOUSTICS; GeoPulse, Profiler System; February 2006, 2 pages
20 HUMMINBIRD 1198C Review for Catfishing, Catfishing “How To” Catfishing
Techniques, October 31, 2011, 9 pages
21 IMAGENEX TECHNOLOGY CORP., Model 881 SportScan, Single or Dual
Frequency Digital Sidescan Sonar, Software User’s Manual; May 9, 2003; 16
pages
22 KLEIN ASSOCIATES, INC.; Modular Side Scan Sonar and Sub-Bottom Profiler
System Components for Customized Configurations; date unknown; 10 pages
23 KLEIN, MARTIN; Side Scan Sonar; UnderSea Technology; April 1967; 4 pages
24 KLEIN, M. ET AL., Sonar—a modern technique for ocean exploitation; IEEE
Spectrum; June 1968; pp. 40-46 and Authors page
25 KLEIN, MARTIN; New Developments in Side Scan Sonar for Hydrography; date
unknown; 14 pages
Examiner , o Date QRN
Signature fJames Hulka Considered 08/03/2012

*Examiner; Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line
through citation if not in conformance and not considered. Include copy of this form with next communication to
applicant. LEGAL02/33545027v1

Submitted July 31, 2012
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Receipt date: 07/31/2012

12460139 - GAU: 3645

Subs@itute for form 1449/PTO Complete if Known
(Revised 07/2007) Application Number 12/460,139
Filing Date July 14, 2009
INFORMATION DISCLOSURE First Named Inventor Maguire
STATEMENT BY APPLICANT Art Unit 3645
(Use as many sheets as necessary)
Examiner Name J. R. Hulka
Sheet | 3 |of | 4 Attorney Docket Number 038495/369324
OTHER DOCUMENTS
Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of En%}gﬁ;:g%ﬁage
. . the item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s) , volume-issue Attached
Examiner Cite number(s), publisher, city and/or country where published.
Initials* No.
2% KLEIN, MARTIN; Side Scan Sonar; Offshore Services; April 1977, pp. 67, 68,
71,72,75
27 KLEIN, MARTIN; New Capabilities of Side Scan Sonar Systems; date unknown,
pp. 142-147
28 KLEIN, MARTIN; Sea Floor Investigations Using Hybrid Analog/Digital Side
Scan Sonar; date unknown; 18 pages
29 KONGSBERG MARITIME AS; Side Looking Transducer, 200 kHz — 0.5x49,
200 kHz side looking transducer for shallow water and surveying and high
resolution; date unknown; 2 pages
30 KONGSBERG SIMRAD AS; ConCat Containerised Catamaran, Inshore
hydrographic survey vessel that fits in a container, Rev. B, April 2004; 4 pages
31 KVITEK, RIKK ET AL.; Final Report, Early Implementation of Nearshore
Ecosystem Database Project Tasks 2 and 3;
http://seafloor.csumb.edu/taskforce/html%202%20web/finalreport.htm; July 29,
1999; 92 pages
32 LAW, G., Sideways Glance, Side- and down-scan Imaging Open New Windows
in Fishing Finding, Electronics, November 2011, pp. 28-29
33 LEONARD, JOHN L.; Cooperative Autonomous Mobile Robots; date unknown;
11 pages
34 Maritime surveys takes delivery of SeaBat 8160; Sea Technology, Jul 2001;
http://findarticles.com/p/articles/mi_qa5367/is_200107/ai_n21475675/; webside
printed June 30, 2010
35 MARINE SONIC TECHNOLOGY, LTD.; Sea Scan® PC Side Scan Sonar
System Information/Specifications Sheet; September 9, 2002; 10 pages
36 MESOTECH; Mesotech Model 971 Sonar System Summary; March 26, 1985, 2
pages
37 OUGHTERSON, B., Sophisticated Sonar Reveals Detailed Images Recently
Unimaginable. Is It Too Much too Soon?, Basic Instincts, pp. 75-78
38 RAYMARINE, L750 Fishfinder, Operation Handbook; date unknown, 93 pages
39 RAYTHEON MARINE COMPANY; Installation Instructions; October 1998; 2
pages
Examiner fJames Hulka/ Date 08/03/2012
Signature ] Considered '

*Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line
. through citation if not in conformance and not considered. Include copy of this form with next communication to
applicant. LEGAL02/33545027v1

Submitted July 31, 2012
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Receipt date: 07/31/2012

12460139 - GAU: 3645

Substitute for form 1449/PTO Complete if Known
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SIDE LOOKING SONAR

inventor(s): MORIMATSU HIDEJI; SHIBUYA SHOZO +
Applicant(s): FURUNO ELECTRIC CO +
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- European:
Application number: JP19910172240 19910712
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Abstract of JP4357487 (A)

PURPOSE:To measure the position of an
object under water accurately by a method
wherein a phase difference is determined at
input points of two receivers with respect to
a measuring point by calculation and a
phase difference is measured with two
receivers for the same measuring point to
obtain a deviation of phase so that the
phase difference measured is corrected by
the deviation of phase.
CONSTITUTION:When a trigger pulse from
a trigger pulse generator 3 is inputted into a

CPU21 through an input device 22, a o
measuring position of own ship and the 5
bearing of navigation are read in form a =
" highly accurate position measuring device !
23 and a bearing measuring device 24 to - ___,*T); -
determine an intersection with a contour il lagee g
line based on the value and a probing range “"‘;‘* T
inputted from a keyboard 25 beforehand. Lage’ Lo B

Distances are determined from the centers

of receivers R1 and R2 to the sea surface

below the intersection to obtain a phase

difference phi" corresponding thereto. A

phase difference phi' is measured between two receivers for the same measuring point to
obtain phi'-phi"=dphi as deviation of phase between the two receivers. The phase
difference measured actually thereafter is corrected by the deviation dphi of phase to
remove the deviation of phase difference generated between two receiving systems
thereby measuring the position of an object under water accurately.
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"SONAR SYSTEM"

The present invention relates to a sonar system which
is particularly, but not solely, suited for small and medium
sized vessels such as private pleasure yachts and small
commercial vessels. The invention is particularly useful
when cruising near coral reefs and navigating narrow
channels through mud and sand banks since the invention not
only measures depth, but also scans ahead and to port and

starboard.
BACKGROUND ART

Although lateral scanning radar and sonar systems are
known, such systems are complex and expensive, and as such,
are only suitable for large scale vessels such as navy craft.

In known lateral scanning radars and sonar, rotating
cathode ray tube displays are used. In such displays, the
0ld signals fade as new signals on the rotating arm are
displayed. Moreover, the cathode ray tube is difficult to
read in bright sunlight as it does not provide a high

contrast display.

SUMMARY OF THE INVENTION
It is an object of the present invention to overcome,
or substantially ameliorate, at least one of the above
described disadvantages by providing an economical sonar
system suitable for small and medium sized boats which
provides forward, port and starboard scanning as well as

depth scanning.
According to the present invention, there is provided

a sonar system for a boat for scanning ahead, to port and te
starboard, said system comprising transducer means for
transmitting scanning signals in a plurality of discreet
scanning directions including ahead of the boat, to port and
to starboard; electronic control means for activating said
transducer means to transmit said scanning signals
sequentially in said plurality of directions; receiving
means for receiving the transmitted signal after reflection
from objects; signal processing means connected to the
output of said receiving means for determining distances of
said objects from the received signals; and display means

&
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connected to said signal processing means for displaying the
determined distances in their respective directions.

Preferably. the sonar system has a display which
utilises liquid crystal display (LCD) segments which display
a measured value continuously until superceded by a newly
measured signal.

Preferably, the sonar system monitors depth ahead at a
distance related to the depth below. The depth ahead range
can be set manually, or calculated automatically from the
depth below. Typically, depth ahead (as well as depth to
port and depth to starboard) are measured at a distance
approximately six times the depth below. If desired, the
sonar system can incorporate transducer means and associated
display means for measuring and displaying depth abeam, or
even depth aft.

Since the measured signals representing depth to port,
ahead, starboard and below, are displayed continuously until
updated, a simultaneous display of all signals is obtained.
Moreover, by arranging the LCD segments in a suitable
pattern, a quasi-analoeg display can be obtained.

Preferably, the sonar system incorporates an alarm
which is activated when the depth ahead varies more than a
selected amount. This amount may be related to the depth
below. Typically, the alarm volume increases and/or its
pitch increases as the vessel approaches an obstacle such as
a reef. In further preferred embodiments, different alarm
tones are provided so that the operator is immediately able
to distinguish audibly between obstacles to port, starboard
and ahead.

Typically, the display means is capable of displaying
a number of depth ranges. If the measured signal falls
outside the selected range, an alarm is activated to
indicate that the range selection requires changing or the
gain requires adjustment.

' The sonar system incorporates a transducer arrangement
for transmitting and receiving signals in the required
directions. 1In cne embodiment, a transducer is provided for
each scanning direction. Each transducer is connected

M vl 3—‘
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sequentially for a period of time sufficient to transmit and
receive an echo from the maximum range selected. In another
embodiment, a single transducer is physically orientated to
the required scanning direction. The received echo is
guantised to a number of time levels, and stored and
displayed until the next echo is received for that
particular scanning direction. The number of time levels is
related to the number of display segments selected for the
display means.

The transducer arrangement is preferably mounted on a
single gimballed assembly mounted inside the hull of a glass
reinforced plastic vessel, or mounted externally and
protected by a glass reinforced plastic or ABS plastic
hydrofoil protective cover.

Notwithstanding any other forms of the present
invention, preferred embodiments thereof will now be
described with reference to the accompanying drawings in
which:

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic plan view of a scanning pattern

of a sonar system according to one embodiment of the present

invention;
Fig. 2 is a side elevational view of the scanning

pattern of Fig. 1;
Fig. 3 is a plan view of the scanning pattern of one

beam of Fig. 1:;
Fig. 4 illustrates one display layout for the sonar

system;
Fig. 5 is a schematic block circuit diagram of the
sonar system according to another embodiment of the present

invention; ,
Fig. 6 is a schematic block circuit diagram of the

signal processing circuit of Fig. 5;
Fig. 7 is a schematic block circuit diagram of part of

the circuit of Fig.‘s:
Fig. 8 is a schematic block circuit diagram of a clock

circuit for use with the embodiment of Fig. §:
Fig. 9 illustrates timing pulses for the circuit of
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Figs. § to 8;
Fig. 10 is a cross-sectional plan view of a transducer

arrangement of one embodiment;

Fig. 11 is a cross-sectional plan view of a transducer
arrangement of another embodiment;

Fig. 12 is a side elevational view of part of the
transducer arrangement of Fig. 11; and

Fig. 13 is a cross-sectional side elevational view of
the transducer arrangement of Fig. 1ll.

DESCRIPTION OF PREFERRED EMBODIMENT

As shown in Figs. 1 to 3, the sonar system of one
embodiment of the present invention is designed to scan
ahead and to port and starboard, as well as measuring depth
(not shown). The beams typically have a horizontal
beamwidth between 15° and 30°, and a vertical beamwidth
of 7 to 10°. The transducer assembly is gimballed so that
the beams are tilted almost straight ahead to provide
maximum range in shallow water. Although five scanning
directions are shown in Fig. 1, any reasonable number of
scanning directions can be obtained by suitable design of
the transducer means. The design of the transducer means
will be described below. For the sake of simplicity, the
following description relates to a scanning pattern having
three beams: port (P), ahead (A) and starboard (S) as well
as depth measurement.

The circuit diagram for the sonar system is shown in
Figs. 5 to 8. A first clock 50 generates a pulse train as
shown in Fig. 9. The period of the first clock is greater
than tne maximum time required for a signal to be
transmitted and received from the maximum desired range. An
output of the clock 50 drives a 1 to 5 and restart decade
counter 53 which provides sequential outputs MD, P, A, S and
D as shown in Fig. 9. The output of the counter 53 is
connected to a transducer multiplexer/driver 55 which
sequentially activates the respective transducer for the
port, ahead, starboard and depth beams, or orientates a
single transducer in either the port, ahead, starboard or
depth direction. The latter system will be described in RAY-1002
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more detail below.
Each pulse from the first clock 50 also passes to a

delay circuit 51 where it is delayed, typically by 1lOms. A
narrow pulse (typically 2ms) is generated for every pulse
from the clock pulse 50 as shown in wave form T in Fig. 9.
The narrow pulses T activate a transmitter 52 having an
oscillator therein, and also reset a counter 61 in a signal
processing circuit 60. The 10ms delay is provided in order
to allow reed switches which connect the transducers to
operate before the transmitter pulse is fired. This
prevents sparking across the contacts and radio frequency
interference. On receipt of each narrow pulse, the
transmitter 52 wi}l transmit a signal through the transducer
54 selected by the transducer multiplexer/driver 55. The
signal is of suitable frequency e.g. 160KHz. The signal is
transmitted in the direction in which the transducer 54 is
orientated, and received by receiver 56 after reflection
from obstacles such as reefs, sandbanks, etc. The received
signal is amplified in a tuned amplifier stage 57 with
manual gain control and/or automatic gain compensation in
which the signal level is multiplied by a ramp voltage
proportional to the time delay between the transmitted and
received pulse. This time varying gain (TVG) compensates
for normal attenuation of the signal through the water. AR
additional gain control stage can be included to reduce the
gain for distances between zero and five times the depth
below. This gain stage would be controlled by the period of
the received echo from the bottom. Such gain controllers
can be provided on the front panel of the sonar display 40
(Fig. 4) to enable the operator to adjust the gain of
signals close to the vessel, and those further away f;om the
vessel which in turn, permits the operator to choose between
the detection of fish nearby or the distant detection of
reefs and other obstacles. The amplified received pulse is
then envelope detected in detector stage 58 and thereafter
passed through a filter stage 59 to remove short radio
frequency interference spikes. The signal output from the
filter stage 59 is then input to a signal processing stage

RAY-1002




10

15

20

25

30

35

WO 84/01833 PCT/AU83/00159

- -
60 shown in more detail in Fig. 6.

As shown in Fig. 6, the signal is passed through
circuit 62 if it represents a longer, higher level echo or
through circuit 63 if it represents a shorter, small echo
such as would be caused by fish. A discriminator circuit
can be used to distinguish between the two types of echoes.
A three position switch 65 allows the operator to choose
whether to display long or short echoes, or both. An
external control (not shown) can be provided on the front
panel of the display so that it is possible to adjust the
threshold level of the small echoes. An additional "white
line" stage as used in chart recorders can be included to
display fish close to the bottom which would not normally be
displayed separately from the bottom signal.

Signals which have been recognised by circuit 62 as
being long echoes are used to trigger monostable 64 which
has sufficient pulse length to trip all levels of the
display. If both short and long echoes are chosen by switch
65, the short echoes (e.g. fish echoes) are displayed by the

‘i1lumination of extra LCD bars above the depth reading.

The signal processing circuit 60 comprises a cyclic
counter 61 which provides 21 sequential pulse outputs and
then resets. The counter 61 is reset by every narrow pulse
derived from the clock 50 and is used to measure the time
difference between the transmitted and received pulses.
Connected to outputs § to 21 of the counter 61 are 16
sub-circuits A1, A2 .... Al6. The number of sub-circuits
corresponds to the number of LCD segments in each beam
display (see Fig. 4); this number can be varied as desired
by appropriate modification of the counter 61.

One sub-cgrcuit.is illustrated in more detail in Figq.
7. The echo signal selected by switch 65, the (reset)
narrow pulses from clock 50 and an output (timing) pulse
from the appropriate output of counter 61 are input to an
AND gate 71, the output of which is connected to monostable
70. Hence, the monostable which is tripped corresponds to
the elapsed time of the received echo. The time pericd of
the monostables 70 is greater than the period of the first

RAY-1002
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¢lock 50. The output of each monostable 70 is switched by
switch/multiplexer 72 to one of four flip-flops (FFP, FFA,
FFS, FFD) according to the signal from a corresponding
output (P, A, S, D) from counter 53.

The control signals PR' AR' SR' DR which
operate the flip-flops are derived from the output 21 of
counter 61 via circuit 69. The outputs of the flip-flops
FFP, FFA, FFS, FFD for sub-circuit A(N) are connected to the
Nth segments of the port, ahead, starboard, depth displays
respectively.

Changing the range of the display can be accomplished
by changing the frequency of the "range clock" input of
counter 61. The range clock frequency can be set manually
to a predetermined fraction of the clock 50 frequency, or it
may be set automatically by using an automatic range
selection circuit such as that shown in Fig. 8. 1In the
automatic range selection circuit, the full scale range of
the port, ahead and starboard channels is made nominally ten
times the distance of the depth below.

In the automatic range selection circuit, a second
clock 80 drives a decade counter 82 via a divider ( 20)
stage 8l. The decade counter 19 is reset by each MD pulse
generated by the counter 53. In addition the counter 19 is
stopped by the echo signal at the output of monostable 64.
The value of the counter (between 1 to 200) at the time when
the "stop" signal is received is stored by the counter 82
until the next MD pulse from counter 53. This value
represents the depth of water below the boat and is used to
set the divider stage 83 so that the output of the divider
stage 83 is the frequency of the clock 80 divided by the
currently stored count in counter 82.

An additional divider ( 10) stage 84 is switched in
on the P, A, S cycles of counter 53. The stored count of
the counter 82 is displayed in a digital display 85 on the
display panel 40.

Alarm circuits are provided to warn of any decrease in
depth to port, ahead or starboard in advance without
travelling directly over that spot. 1In addition, the alarm
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circuits perform this function without requiring constant

manual adjustment of the minimum depth to be alarmed as in
conventional depth founders. The use of an automatic range
selection circuit, as illustrated in Fig. 8, allows the
alarm circuit to be simplified. As shown in Fig. 7. the
output of each flip-flop (FFP, FFA, FFS) on the port, ahead
and starboard display outputs is taken to a resistor adder
circuit 68 so that the more display levels illuminated, the
greater the alarm volume and/or the higher the alarm pitch.
In the long echo pulse threshold mode, the closer the boat
gets to an obstacle such as a reef, the more flip-flops are

-switched on and hence, the louder the alarm and/or the

higher its pitch.

An additional alarm circuit can be included to warn of
minimum depth below. This can be adjustable to select a
depth, typically between one and twenty metres.

Furthermore, another alarm can be added to the depth below
circuit to alarm if the depth exceeds a selected value,
thereby acting as an anchor watch alarnm.

A typical display panel 40 is illustrated in Fig. 4.
Five scanning directions are illustrated on the panel: two
to port, two to starboard and one ahead, as well as a
digital depth measurement. Each LCD segment of the display
forms an arcuate band of the displayed scanning beam. Such
an arrangement of the LCD segments creates a éuasi-analoq
display thereby allowing the operator to tell at a glance
whether any obstacles lie ahead, to port, or to starboard.

The flip-flops driving the LCD segments are held on or
off during each cycle, rather than flashed on and off
rapidly as in multiplex display systems which appear
constant due to the persistence of vision but which do not
provide maximum contrast in bright sunlight. Moreover, the
operator is able to tell immediately whether objects
detected by the sonar are obstacles such as reefs, sandbanks
or merely reflections due to £ish.

Other suitable display means such as cathode ray tubes,
multi-pen chart recorders or digital printers, can be fitted
to the apparatus of the present invention to suit particular
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applications such as the charting of channels. Such display
means operate on each cycle of the first clock 50.

It will be apparent to those skilled in the art that
much of the hardware in the abovedescribed circuits can be
replaced by.a programmed microprocessor. For example, .the
microprocessor can be programmed to determine the interval
between transmission and reception of a signal, and to
display the measured interval on the appropriate beam on the
display 40. :

A transducer assembly is shown in Fig. 10. Separate
transducers TP' TA, TS and provided to scan port,
ahead and starboard. The transducers are embedded in a
casting 101 made from epoxy and granulated cork. A lead
balance weight 100 is provided to balance the casting 101
about the shaft 102. When the shaft 102 is mounted on
suitable bearings (not shown), the angle of scan of the
transducers can be varigd quite simply. The casting 101 can
also be mounted in a special framel(described below) in
order to stabilise the transducer assembly against pitch and
roll. Another transducer TD (not shown) is provided in a
downward orientation for depth measurement.

The abovedescribed transducer arrangement can be
replaced by a single pivotable transducer as shown in Figs.
11 to 13. 1In this embodiment, a single transducer T1 is
used to scan port, ahead and starboard. The transducer Tl
is set in a casting 110 made from a mix of epoxy and
granulated cork in order to reduce the effect of signals
from the back face of the transducer. The casting 110 also
contains an iron bar or permanent magnet 118, and lead
balance weights 115 which balance the casting 110 about a
shaft 1l1l. The casting 110 is pivotable about its shaft 111
on bearings 112 set in a gunmetal housing 116.
Electromagnets EP' EA’ ES are also mounted on housing
116. Bach electromagnet EP' EA' Es corresponds to a
respective scanning direction port, ahead, starboard. In
order to scan in the different directions, the
electromagnets are energised sequentially to cause the
casting 110 to rotate until the irom member 1138 in the
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43 of 737




10

15

20

25

30

35

WO 84/01833 PCT/AU83/00159

- 10 -

casting 110 is opposite the energised electromagnet. Each

electromagnet is energised for a sufficient period of time
to allow a signal to be transmitted and received from the
maximum range selected. Means are also provided to switch
the output of-the transducer Tl to the display beam
corresponding to the energised electromagnet. Although only
three electromagnets are shown, it will be apparent to those
skilled in the art that any suitable number of
electromagnets at spaced intervals can be provided in order
to scan in a plurality of directions.

The housing 116 is pivoted about spindles 117 in frame
120 so that the housing 116 remains level as the vessel
pitches up and down. In addition, the frame 120 is pivoted
about bearings 113 so that the frame 120 and casing 116
remain level as the vessel rolls from side to side. The
bearings 113 are mounted in a gunmetal casting (not shown)
fixed to the bottom of the hull of the vessel.

A second transducer T2 is provided to measure the
depth below. The transducer Tz is pivoted about an axis
114 on frame 120 and is stabilised against pitch.

Instead of providing a separate transducer T2 for
measuring depth below, the transducer Tl can be plvoted at
point 119 so that it can be tilted to scan downwardly. An
additional set of electromagnets 121 are installed along arc
122 and an additional iron bar is set above Tl in order to
implement the downward tilting of Tl. The additional
electromagnets 121 become part of casting 110 and Tl
rotates within casting 110. The casting 110 would also need
to be re-balanced about shaft 1lll. :

The iron bar 118 in casting 110 can be replaced by a
permanent magnet or an electromagnet energised at the same
time as EP' EA’ ES. In addition, opposing magnetic
fields can be generated by reversing the curreant direction
through the electromagnets not being scanned, i.e. EP and
ES would have opposing fields to the iron bar 118 while
EA and iron bar 118 are energised by attracting fields.
on a cruising yacht where only limited electric power is
available, the iron member 118 is preferably a permanent

E&TYy .
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magnet. A reverse field applied to each electromagnet Ep.,

EA Es for a short instant when the energising electric

field is turned off leaves a weak opposing field on each
unenergised electromagnet due to the magnetic hysteresis of

jts iron core. Thus, only the energised electromagnet would
be attracting the iron bar or magnet 118 while the

unenergised electromagnets would be repelling the iron bar

or magnet 118.
The foregoing describes only some embodiments of the

present invention, and modifications which are obvious to
those skilled in the art may be made thereto without
departing from the scope of the invention as defined in the

following claims.
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CLAIMS

1. A sonar system for a boat for scanning ahead, to
port and to starboard, said system comprising transducer
means for transmitting scanning signals in a plurality of
discreet scanning directions including ahead of the boat, to
port and to starboard; electronic control means for
activating said transducer means to transmit said scanning
signals‘sequentially in said plurality of directions:
receiving means for receiving the transmitted signal after :
reflection from objects; signal processing means connected
to the output of said receiving means for determining
distances of said objects from the received signals; and
display means connected to said signal processing means for
displaying the determined distances in their respective
directions.

2. A sonar system as claimed in claim 1 wherein said
display means comprises a plurality of series of liquid
crystal display segments, each orientated in a direction
representative of a respective one of said scanning
directions, the distance of an object detected in a
particular direction being indicated by the number of LCD
segements illuminated in the corresponding series.

3. A sonar system as claimed in claim 1 or 2,
wherein said transducer means comprises a plurality of
transducer elements each orientated in a respective one of
said scanning directions.

4. A sonar system as claimed in claim 1 or 2,
wherein said transducer means comprises a transducer element
pivotable for orientation in any one of said scanning
directions.

5. A sonar system as claimed in claim 4, wherein
said transducer is pivotable in a casing comprising a
plurality of electromagnets orientated in directions
corresponding to said scanning directions, whereby said
transducer element is orientated sequentially in said
scanning directions by sequential energisation of said
electromagnets.

6. A sonar system as claimed in any preceding clainm, RAY-1002
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further comprising depth measurement and display means.
7. A sonar system as claimed in claim 6, wherein
said transducer means scans at a distance related to depth

of water below said boat.
8. A sonar system as claimed in any preceding claim,

further comprising alarm means connected to the output of
said signal processing means for providing an alarm upon

detection of objects within a predetermined distance.
9. A sonar system as claimed in claim 8 wherein said

alarm provides an audio signal whose volunme is indicative of

the distance of a detected object.
10. A sonar system as claimed in claim 8 wherein said

alarm provides an audio signal whose tone is indicative of

the distance of a detected object.
11. A sonar system as claimed in any preceding claim,

wherein said signal processing means comprises a

microprocessor.

RAY-1002
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AMENDED CLAIMS
(received by the International Bureau on 14 February 1984 (14.02.84))

1.(Amended) A sonar system for a boat for scanning
ahead, to port and to starboard, said system comprisang
transducer means for transmitting scanning signais in a
plurality of discreet scanning directions including ahead of
the boat, to port and to starboard; electronic control means
for activating said transducer means to transmit said
scanning signals sequentially in said plurality of
directions; receiving means for receiving the transmitted
signals after reflection from objects in said directions:
signal processing means connected to the output of said
receiving means for determining the distances of said
objects and their respective directions from the received
signals; and golid state electronic display means connected
to said signal processing means [for displaying the
determined distances in their respective directions], said

display means having a digplay panel comprising a plurality
of electro-optical elements arranged in arrays corresponding
to the orientation of said scanning directions, both the
distance and direction of objects detected by said sonar
system being indicated by the operational state of said

electro-optical elements.
2. (Amended) A sonar system as claimed in claim 1

wherein said electro-optical elements are [display means
comprises a plurality of series of] liquid crystal display
segments., [each orientated in a direction representative of
‘a respective one of said scanning directions, the distance
of an object detected in a particular direction being
indicated by the number of LCD segments illuminated in the
corresponding series].

3. A sonar system as claimed in claim 2, wherein the
distance and direction of an object detected by said sonar
gystem are displayved by activation of a corresponding LCD
seqgment, and activation of the further LCD geqments in that
array indicateg that object to be the bottom or a hank.

[3] 4. A sonar system as claimed in claim {1 or 2,]
3 wherein said transducer means comprises a plurality of
transducer elements each orientated in a respective one of
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gaid scanning directions.
(4] 5. A sonar system as claimed in claim 1 [or 2],

wherein said transducer means comprises a transducer element
[pivotable for orientation in any one of said scanning
directions.

5. A sonar system as claimed in claim 4, wherein
said transducer is] pivotable [in] within a casing _
[comprising] having a plurality of electromagnets orientated
in directions corresponding to said scanning directions,
whereby said transducer element is orientated sequentially
in said scanning directions by sequential energisation of

said electromagnets.

6. A sonar system as claimed in claim 4 or 5 wherein

said transducer means is located in a housing on the hull of

the boat, and gimballed with respect to the hull.

[(6.] 7. A sonar system as claimed in [any preceding]
claim 4 or 5, further comprising depth measurement and

display means.
[(7.] 8. A sonar system as claimed in claim [6] Z,

wherein said transducer means scans at a distance related to

depth of water below said boat.

[8.] 9. A sonar system as claimed in [any preceding]
claim 7, further comprising alarm means connected to the

output of said signal processing means for providing an
alarm upon detection of objects within a predetermined

distance.
[9.] 10. A sonar system as claimed in claim [8] 9

wherein said alarm provides an audio signal whose volume
and/or tone is indicative of the distance of a detected

. object.
[10. A sonar system as claimed in clalm 8 wherein said

alarm provides an audio signal whose tone is indicative of

the distance of a detected object.]
11. A sonar system as claimed in any preceding claim,

wherein said signal processing means comprises a

microprocessor.
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CROSS REFERENCES TO RELATED APPLICATIONS

The present application is a continuation-in-part of U.S. Patent Application
09/909,141 filed on July 19, 2001 which is a continuation-in-part of U.S. Patent
Application No. 09/828,266 filed on April 6, 2001 which claims priority to U.S.
Patent Application No. 60/195,587 filed on April 6, 2000 and U.S. Patent Application
No. 09/842,311 filed on April 25, 2001, and a continuation-in-part of U.S. Patent
Application No. 08/965,663 filed November 6, 1997 which claims benefit of U.S.
Provisional Application No. 60/036,837 filed on February 3, 1997, the contents of

these applications being incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

In numerous applications there is a need to perform sonar beamforming
operations to acquire spatial information regarding a particular area of interest. Sonar
systems make use of sensor arrays to process underwater acoustic signals to determine
the location of a noise source. Array processing techniques for isolating received
signals are known as beamforming and when the same or analogous principles are
applied to focus the transmission of signals, the techniques are referred to as
beamsteering. Various systems have been developed to perform such beamforming
operations that frequently depend upon the particular applications.

One such application involves undersea search and survey that has various
uses such as, but not limited to, terrain mapping and dredging operations. Further,
undersea acoustic mine-field reconnaissance and mine hunting applications benefit
from high-resolution imaging sonars for clutter rejection, obstacle avoidance, and
identification of foreign objects. Currently, the discovefy of underwater mines and
obstructions is performed by touch in cold, murky water, often at night, under low-
light conditions. Navy salvage, explosive ordinance disposal, and other military and
civilian applications operate in zero-visibility water where “‘seeing with sound” using
unmanned vehicles would make their jobs significantly more efficient and safer.
Commercial applications which include, for example, commercial navigation or
aiding search and rescue dive teams would benefit from an improvement in imaging

systens.

RAY-1002
61 of 737




WO 03/009276 PCT/US02/22967

10

15

20

25

30

2-

There is still a need for a light-weight, low-power, low-cost, unmanned self-

propelled sonar system for remote undersea imaging or surface imaging.

SUMMARY OF THE INVENTION

The system and method of the present invention is directed to a sonar imaging
system. The system and method of the present invention can be used, for example, in
a self-propelled vehicle using a compact, light- weight system with an internal pdwer
supply such as batteries supplying power to the system for the duration of a particular
imaging operation. One application of the sonar beamforming system is for
underwater detection and reconnaissance. In waters up to 150 meters deep it is often
the most difficult for military and commercial applications, as personnel need to
traverse water containing underwater mines and obstructions.

In accordance with a preferred embodiment, the sonar beamforming system
and method of the present invention includes, for example, a first beamforming device
connected to a first transducer array that transmits and receives signals in a first
direction and a second beamforming device connected to a second transducer array
that transmits and receives signals in a second direction. This system can be used in a
forward-looking sonar for obstacle avoidance and undersea survey. The system can
include one-dimensional transmit and receive transducer arrays with beamforming
electronics, a computing controller such as, for example, a personal computer host
controller. The arrays and beamforming electronics are packaged in an
environmentally or hermetically sealed housing unit and mounted in at least the nose
of an Unmanned Underwater Vehicle (UUV) for scanning of underwater objects or
surfaces. The system and method of the present invention further includes at least one
side-looking sonar, and preferably two side-looking sonars. The side-looking sonar
system may include 32-element, one-dimensional arrays that are mounted on either
side of the UUVs. Further, a downward-looking Bathymetric sonar may be mounted
on the underside of the vehicle for high-resolution mapping.

In accordance with a preferred embodiment of the present invention, the sonar
imaging systems such as, for example, the forward-looking scan, the side-looking
sonar and downward-looking sonar use charge-domain-processing (CDP) such as

charge coupled device (CCD/CMOS) integrated circuits that allow electronic lenses to

RAY-1002
62 of 737




WO 03/009276 PCT/US02/22967

10

15

20

25

30

-3-

focus reflected energy following detection by a one-dimensional array. The low
power attributes of CCD/CMOS technology in beamformers facilitate the use of
batteries to provide the life span of missions. Further, beamformers are used to
emulate an acoustic lens for the sonar and are made smaller with fewer mechanical
parts that are susceptible to failure. Electronic beamformers provide better imaging
with minimal or no reflection artifacts.

The foregoing and other features and advantages of the sonar beamforming
system and method will be apparent from the following more particular description of
preferred embodiments of the system and method as illustrated in the accompanying
drawings in which like reference characters refer to the same parts throughout the

different views.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the present invention are described with reference to
the following drawings, wherein: '

Figure 1 is a diagram illustrating a preferred embodiment of a sonar
beamforming system in accordance with the present invention;

Figure 2 is a diagram illustrating another preferred embodiment of a sonar
beamforming system in accordance with the present invention;

Figure 3 is a block diagram illustrating an electronic focusing sonar imaging
system in accordance with a preferred embodiment of the present invention;

Figure 4 is a block diagram illustrating a sonar imaging system in accordance
with another preferred embodiment of the present invention;

Figure 5 is a block diagram illustrating a flow chart of the image fusion
process of the sonar imaging system in accordance with a preferred embodiment of
the present invention;

Figure 6 is a schematic illustration of transmit and receive beam
configurations of the sonar imaging system in accordance with a preferred
embodiment of the present invention; and

Figure 7 is a graphical illustration of a curvilinear array of a sonar imaging

system in accordance with a preferred embodiment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

Under water research scientists continue to seek small, low power acoustic
sensor technology for transition to an Autonomous Unmanned Vehicle (AUV) or an
Unmanned Underwater Vehicle (UUV) such as the Semi-Autonomous Hydrographic
Reconnaissance Vehicle (SAHRV). High resolution is desired for undersea search
and survey and to maximize the vehicle’s ability to perform target detection and
classification. Existing multi-beam forward-looking sonars (FLS) with nominally
half-degree resolution and greater than thirty degree field of view need to be improved
to provide adequate imaging performance. The present invention is directed to a
system and method for a sonar beamforming systems such as, for example, AUV’s
with FLS requiring substantially less power and volume than existing systems. This is
accomplished by using programmable, low-power, high-throughput charge—ddrnain—
processing technology such as charge coupled devices (CCD/CMOS) integrated
circuit technologies for electronic beamforming in conjunction with sonar arrays
fabricated by, for example, Material Systems Technology (MSI). For example, at a 40
MHz clock rate, the beamformer provides a continuous computation throughput of
approximately 10 billion operations per second and a delay update rate of
approximately 22 billion bits per second and dissipates less than about 1 Watt of
electric power.

The forward-looking sonar provides the vehicle’s operational requirement for
obstacle avoidance and search of the bottom area beneath the vehicle that is not
covered by an additional side-scan sonar or side-looking sonar (gap-filler sonar). A
high frequency multi-element curvilinear receive array is used in conjunction with
separate acoustic projectors, one aimed straight ahead for obstacle avoidance and a
separate projector aimed at a depression angle suitable for the gap-filler application.

In a preferred embodiment, the existing unfocused side-looking sonar (SLS) in
underwater vehicles is replaced with a low power focused sonar. In a second
preferred embodiment, a downward-looking sonar (DLS) capable of providing real-
time Bathymetric surveys suitable for military and commercial ships to negotiate
navigable routes into port is additionally provided. Each of the preferred
embodiments of the beamforming systems is based on the CCD/CMOS integrated

circuit technologies for electronic beamforming. Card assemblies are designed to
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maximize commonality among the subsystems. Replacing the existing SLS
minimizes the power requirements of the suite of sonar sensors and minimizes the
impact of the additional sonar sensors on the total vehicle cost.

An example of a low-cost autonomous underwater vehicle (AUV) for coastal
monitoring and multiple vehicle survey operations is the Remote Environmental
Monitoring UnitS (REMUS). In a preferred embodiment the vehicle is approximately
53 inches long with a body diameter of about 7.5 inches, although the length may be
increased to support any reasonable payload. The AUV is neutrally buoyant,
preferably weighing, without limitation, only 68 pounds in air, and is powered by
sealed lead acid batteries, The vehicle can be operated in fresh or salt water. Because
the preferred embodiment of the AUV is so small, it can be easily transported,
launched and recovered from a small vessel and special handling equipment is not
required.

Although small in size, the AUV vehicle is configured to support a variety of
sensor packages. The vehicle has a conductivity/temperature/depth (CTD) sensor
system and an optical backscatter sensor on board. Telemetry data provides time of
day, depth, heading, and a geographic fix for the data.

Another preferred embodiment of the AUV includes a longer version of
REMUS with an acoustic Doppler current profiler and Global Positioning System
(GPS). Additional personal computer slots such as, for example, PC-104 slots and
RS-232 ports are available for user-designed payloads.

In a preferred embodiment, the AUV has three motors forward of the
propeller. The propulsion assembly is optimized to provide 1.5 pounds of thrust at a
forward speed of four knots. At this speed a 40-nautical-mile track can be completed
in 10 hours. A preferred embodiment of the AUV runs from a 24-volt power supply
and draws approximately 32 watts while maneuvering through the ocean, enabling the
vehicle to operate at four knots for 14 hours.

In a preferred embodiment the AUV control computer is based on PC-104
technology, a small form factor version of the common IBM-PC hardware. The
Central Processing Unit (CPU) is housed in a custom motherboard, and has eight 12-
bit analog to digital channels, input/output ports, power supplies, and other interface
circuitry. Internally, the AUV runs at least one operating system program such as, for

RAY-1002
65 of 737




WO 03/009276 PCT/US02/22967

10

15

-6-

example, a DOS program written in C++ language that executes out of an
autoexec.bat file. The vehicle user interface may run on a laptop computer.

A preferred embodiment of the AUV possesses an acoustical system with a
digital signal processor. A receiving array of four hydrophones is located in the nose,
and on the bottom is a hydrophone sensor that can both transmit and receive. To
determine its position, the AUV transmits a coded ping to a transponder and listens
for a reply. The range and bearing of the reply allows the AUV to determine its
location. The AUV can be programmed to interrogate a plurality of transponders,
approaching each transponder by minimizing the range. When the range to a
transponder is below a predetermined threshold, the vehicle then listens on a different
channel for the next transponder and approaches it using the same technique. By
setting the transponders once using GPS, a known track line may be followed on
subsequent imaging operations, This system be used to autonomously dock the
vehicle.

In a preferred embodiment, the specifications of the AUV are described in

Table 1 as follows:

Table 1

Parameter Approximate Dimensions
Length 53 inches (1.3)
Beam 5.5 feet
Diameter : 7.5 inches (19.1cm)
Maximum Operating Depth 492 feet (150m)
Gross Weight 68 Ibs. in the air, neutrally

buoyant in water
Dive Duration 14 hours at 4 knots
Propulsion Three motors; one direct drive

thruster and sprocket driven
rudder, two pitch motors, and
one stem propeller

Power requirements 24-volt supply, 32 watts while
maneuvering at 4 knots

-

Power Source Rechargeable lead acid
batteries
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Figure 1 is a diagram illustrating a preferred embodiment of a sonar
beamforming system 10 as implemented in an AUV in accordance with the present
invention. The system 10 includes a forward-looking sonar (FLS) 14 having forward-
looking sonar transmit beams 16 and forward-looking sonar receive beams 18. The

following are exemplary values for the forward-looking sonar:

Table 2
Parameter Approximate Dimensions
Operating frequency 500KHz — 1.2MHz
Beam resolution <1 degree
Field of view > 30 degrees
Number of elements Minimum of 128, preferably
128 or 192
Aperture >14 cm
Element pitch (0.5 lambda)
Image ranges 3t05, 10, 20,40 or 60 m
Independent beams 64
Range resolution <1cm

The forward-looking sonar has a capability of at least 0.5° azimuth resolution,
30° Field of View (FOV); and reducing volume and power requirements by about one
third such as, for example, 700 cubic inches and a range of 25 t0100 watts.

In a preferred embodiment, the forward-looking sonar comprises bistatic
transducer arrays, preamplification and beamforming electronics and a commercially
available computer. Further, an industry-standard personal computer such as PC-104
computer and a high speed serial bus such as, for example, without limitation,
Institute of Electrical and Electronics Engineers, Inc. (IEEE) 1394 or Universal Serial
Bus (USB) 2.0 peripheral interface provide for data collection and archiving of the
data generated by the front-end beamforming electronics. The IEEE 1394 data
transport bus supports both asynchronous and isochronous data. In another preferred
embodiment, a parallel interface such as a peripheral component interconnect (PCI)
may be used.

The system further includes at least one side-looking sonar (SLS) 20, and
preferably two side scan or SLS sonars. Exemplary values of the side-looking sonar

are as follows;
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Table 3
Parameter ' Approximate Dimensions
Range 2m-50m
Aperture > 40 cm
Frequency 500 KHz -1 MHz
Beam width <] degree
Cross-range resolution <0.2m

In a preferred embodiment, the side-looking scan or sonar consists of two
multi-element receive arrays, preamplification and a single beamforming integrated
circuit to realize a dynamically range-focused side-looking sonar system. The arrays,
in a preferred embodiment, have 32 elements and are sized to have a vertical
beamwidth of +/-30 degrees. A common aperture may be used for both the
transmitter and receiver.

Another preferred embodiment includes multi-mode arrays such as, for
example a first search and detection mode and a second high resolution target
recognition mode. The beamformer is integrated with onboard processing which
enables automatic obstacle detection and target recognition.

The beamforming system focuses signals received from an image
point onto a transducer array. By inserting proper delays in a beamformer to
align wavefronts that are propagating in a particular direction, signals arriving
from the direction of interest are added coherently, while those from other
directions do not add coherently or cancel. However, as the array is scanning
through the imaging plane, there are three difficult implementation issues:
first, each delay line has to be long enough to compensate for the path
differences of a large linear array; second, the delay value has to be adjusted
periodically for proper beam steering; and finally, the long round-trip delays
when performing long-range imaging must be processed in parallel to provide
reasonable display update rates. Ideally, the time-of-flight from the radiation
source to the focal point can be calculated at every clock cycle for every
channel from multiple directions of arrival in parallel. In a conventional
implementation, separate electronic circuitry is necessary for each beam; for a

multi-beam system, the resulting electronics rapidly become both bulky and
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costly as the number of beams increases. A single-chip multiple beamforming
processor based on a time-multiplexed delay generation architecture is used in
a preferred embodiment of the present invention. The integrated circuit
combines programmable delays with a sequentially addressable digital delay
selection resulting in a compact, low-power implementation of a multiple
beamforming processor.

A delay-and-sum beamformer allows a transducer array to "look" for
signals propagating in a particular direction. By adjusting the delays
associated with each element of the array, the array's look direction can be
electronically steered toward the source of radiation. The multi-beamforming
chip consists of N parallel beamforming modules, a summing circuit and a
Finite-Impulse-Response (FIR) filter. Within each module, there is a
sampling circuit, a programmable delay line, an apodization multiplier and a
bank of delay controls that are addressable sequentially. The delay control
can be a real-time "time-of-flight" (TOF) computing circuit. Further, the
arrays may be built directly on the hulls of the vehicles and then encapsulated
as a single unit. This simplifies the fabrication process and minimizes, and
preferably eliminates the need for expensive electrical feed through.
Preamplifiers may optionally be incorporated in the encapsulation.

Acoustic communication devices 24 which are preferably steerable are also
included in the system 10. These arrays may be fabricated by, for example, Material
Systems Technology (MSI). Thus, the system 10 includes the integrated arrays —
forward-looking sonar (FLS), side-looking sonar (SLS), and acoustic communication
devices.

Figure 2 is a diagram illustrating another preferred embodiment of a sonar
beamforming system 40 in accordance with the present invention. This system 40
includes a forward-looking sonar 44 having forward-looking sonar transmit beams 48
and forward-looking sonar receive beams 50. In addition, the system 40 has two side
scan sonars 46. Further acoustic communication devices 54 which are preferably
steerable are also present in this preferred embodiment of the system. At least one
identification sonar 60 or a downward-looking Bathymetric Sonar is also mounted on

the underside of the vehicle that transmits beam 58 and receives beams 56. This
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Bathymetric sonar 60 is a downward-looking sonar (DLS) for high-resolution terrain
mapping and object identification. In a preferred embodiment, the sonar 60 can
include bistatic or alternatively monostatic transducer arrays.

In a preferred embodiment, the downward-looking sonar 60 is made with a
similar construction as the forward-looking sonar and is housed in its own replaceable
hull section. This allows the UUV to adapt to imaging operation requirements by
adding payload sections as needed. The downward-looking sonar is cylindrically
shaped and is conformed to the vehicle hull. As it is preferably, but without
limitation, housed in its own section, the surfaces of the arrays are flush with the hull
as there is no mechanical interference with the on-board systems. The arrays thus are
conformal and are not appendages protruding from the vehicle that can be damaged
during deployment, operation or retrieval. The downward-looking sonar array
preferably includes, but is not limited to, a single element projector to provide the
illumination for a 128-element receiver array 58. The 128 elements may be each
spaced a distance of 0.5\ apart to minimize grating lobes.

In a preferred embodiment, the FLS is housed in a replaceable nose cone, the
SLS is conformed on a hull section of the vehicle and the DLS is fabricated in its own
hull section.

Figure 3 is a block diagram illustrating an electronic focusing sonar imaging
system 70 in accordance with a preferred embodiment of the present invention.
Signals such as transducer signal 74 and output signals 76 form the input to a low
noise preamplifier 72 having time-gain control. The output of the preamplifier 72
forms the input into a sampling subsystem 80. The output of the sampler forms the
input to programmable delays 82 associated with beamsteering and focusing
functions, the output of which forms an input into a weighting subsystem 84. The
outputs of the weighting function are then summed in a summer 86. In a preferred
embodiment the sampler 80, the pfogrammable delays 82, the weighting function 84
and summer 86 functions are integrated on a single chip which accomplishes
beamforming, preferably using a charge-domain-processing (CDP) structure. A
preferred implementation of a beamforming device using CDP technology, including
a programmable tapped delay line structure, is described in a co-pending PCT
International Application Number PCT/US98/02291, filed on 3 February 1998, by
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Jeffrey Gilbert, Alice Chiang, and Steven Broadstone, the entire contents of which is

hereby incorporated by reference.

In a CDP circuit, sampled information is represented by analog charge packets.

If the information is accurate to 10-bit words, instead of representing it by 10 separate
digital bits, each charge packet represents a 10-bit value and these charge packets can
be manipulated at a high speed with a high level of accuracy, for example,
approximately 10-bit, in a very small chip area. The CCDs of the present invention
have a charge sensing method that eliminates clock feed-through. Furthermore, a
charge domain multiplier that maintains the output accuracy to more than 8-bits is
also included. The CCD signal processors have an output dynamic range of at least
60 dB. The CDP technology used in the systems of the present invention combine
high speed, low-power charge-domain units with conventional CMOS digital control
and memory circuits.

The output of the summer 86 forms the input to a demodulator 88, whose
output is manipulated in a square law function 90. The output of the square law
function 90 forms the input of a display 92 such as a monitor. Post processing
reformats data to then be displayed on a monitor.

Figure 4 is a block diagram illustrating a sonar imaging system 100 in
accordance with another preferred embodiment of the present invention. The imaging
system 100 includes a front-end 102 which interfaces with a back-end host computer
104. The front-end electronics including the beamformer is mounted on small-sized
printed circuit boards that can be completely housed in the nose of the UUV, for
example. The output of the back-end provides the input to a display system 108 or is
downloaded via ethernet to a display platform.

The front-end 102 of the system 100 is an integration of many subsystems. A
waveform transmit function 112 forms an input to a transmitter 114 which in turn
transmits waveforms to a target image 106. An array 116 is received at the front-end
102 from the target image and is then processed in the front-end. The array in a
preferred embodiment is a one-dimensional array. The processing signals of the
received array begins with preamplification in a low noise preamplifier 118 having
time-gain control. The output of the preamplifier 118 forms the input into a

beamforming function 124, preferably using CDP. A memory device 122 interfaces
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with the preamplifier 118 and the beamformer 124. The memory device 122 may be a
single memory device or plurality of memory devices. Such a memory device may be,
but is not limited to, a random access memory, read-only memory, floppy disk
fnemory, hard drive memory, extended memory, magnetic tape memory, zip drive
memory and/or any device that stores digital information. A front-end host interface
processing module or controller 120 interfaces with the memory 122. The controller
120 may be a single processing device or a plurality of processing devices. Such a
processing device may be a microprocessor, microcomputer, digital signal processor,
central processing unit of a computer or work station, digital circuitry, state machine,
and/or any device that manipulates signals, for example, analog and/or digital, based
on operational instructions. It should be noted that when the processing module
implements one or more functions, via a state machine or logic circuitry, the memory
storing the corresponding operational instructions is embedded within the circuitry
comprising the state machine or logic circuitry. A standard interface such as, for
example, a high-speed serial bus IEEE 1394/Firewire chip set 126 interfaces with both
the host interface controller 120 and the memory 122.

Thus, in a preferred embodiment, the forward-looking sonar is comprised of
bistatic transducer arrays, preamplification and beamforming electronics and a
commercially available computer. An industry-standard personal computer such as
PC-104 computer and a high-speed serial bus such as IEEE 1394 peripheral interface
provide for data collection and archiving of the data generated by the front-end
beamforming electronics. The PC-104 computer and its disc driver, memories,
input/output, the high-speed serial bus (IEEE 1394) interface are integrated into a
hermetically sealed portion of the AUV or UUV. Data is retrieved by connecting
through a standard Ethernet interface mounted on the body of the vehicle.

The back-end 104 includes a microprocessor 130 that sends inputs to an
Interface chip (IEEE 1394) 134 and then to a buffer 128 and a post signal processor
132. The Firewire (IEEE 1394) chip set 126 in the front-end 102 interfaces with the
interface chip set 134 in the back-end through an interface 110. The back-end
preferably includes a receiving parallel data bus interface, for example, PCI or a serial
bus interface, for example, a Firewire chip set 134, The buffer 128 interfaces with the

post signal processor 132. Further details regarding interface structure can be found
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in U.S. Application No. 09/791,491 filed on February 22, 2001, the entire contents of
which is incorporated herein by reference.

The output of the back-end 104 forms the input into a display 108 such as at
least, without limitation, a monitor, a video recorder and/or a digitizer. The system of
the present invention permits real-time analysis of data to assess the images as well as
permits data analysis via post collection.

Figure S is a block diagram illustrating a flow chart of the image fusion
process 150 of the sonar imaging system in accordance with a preferred embodiment
of the present invention. Data from at least one side scan 152 are meshed with
forward scan data 156 derived from a forward-looking scan such as described with
respect to Figures 1 and 2. This data from the side scan and the forward scan are first
normalized or scaled in a normalizing process 158. The process of normalization
addresses spatial resolution. This normalization process is preferably performed,
without limitation, on a standard personal computer platform. The fan shaped data is
then meshed in an image fusion process 160. The data fusion process enables multi-
sensor target classification and identification. The data fusion process may be
accomplished, without limitation, using commercial products which provide three-
dimensional rendering of data that is stacked such as, for example, 3D EchoTech that
is provided commercially by EchoTech.

Figure 6 is a schematic illustration of transmit and receive beam
configurations of the sonar imaging system in accordance with a preferred
embodiment of the present invention. The forward-looking sonar scan 172 includes at
least one transmit beam 174, and preferably multiple receive beams. The receive
beams are discrete beams such as, for example, beam 176.

Figure 7 is a graphical illustration 190 of a curvilinear array of a sonar imaging
system in accordance with a preferred embodiment of the present invention, The FLS
curvilinear receive array has a center frequency between 500 Hz to 1 MHz with 192
clements.

The performance of the FLS is a function of the array’s design frequency and
aperture. The aperture is limited by the diameter of the vehicle, which may be 7.5
inches. In a preferred embodiment, a curvilinear array with approximately a 3.125-
inch radius is recommended. This radius allows the array to be encapsulated in a
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protective cover to protect against damage if the vehicle impacts an obstacle during an
imaging operation. For this radius of curvature, the 3dB beam width, or azimuth
resolution in degrees, is determined by the arrays center frequency (Fo) and number of
elements spaced at one-half wavelength spacing (A/2).

In another preferred embodiment of the system of the present invention, the
FLS curve linear receive array has a center frequency of 750 KHz with 128 elements,
and a 3 inch radius of curvature. The transmit projector consists of a single element
looking ahead for obstacle avoidance and a three element transmit array looking
forward and downward for gap filling and navigation. The three-element projector
array may be three discrete wide beam elements or a three element curved array.

The arrays consist of full-scale receiver and projector arrays mounted on a
pressure plate and encapsulated in p-c polyurethane. A simple hemispherical shape is
used in a preferred embodiment for the outer shape of the array. In yet preferred
another embodiment of the present invention, the sonars are mounted on a pivotable
mechanism to provide a sonar that provides for forward scan and side scans.

The system of the present invention is contemplated to have at least two
modes of operation— an identification mode which provides a zoom capability and a
detection mode which allows for a survey with a large range for scanning. The
detection mode operates at a lower frequency as compared with the identification
mode such as, for example, but not limited to, 500 KHz. This provides a longer range
for scanning in the detection mode. The frequency is at least doubled for the
identification mode and allows a zoom function. Thus a frequency shift allows for the
two modes or operation.

The following table details an exemplary power estimate (Wattage/size) in

accordance with a preferred embodiment of the system of the present invention:
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Table 5

PC HOST CONTROLLER SUBSYSTEM
Processor: P133 with up to 128MB Memory and Mass Storage Power
requirements: 10W (effective), estimated size: 3.5 x 2 x 6 inch

BEAMFORMING ELECTRONICS SUBSYSTEM

FLS power requirements (192 channels): 11 W (effective), estimated size: 9x 6
x 1 inch

SLS power requirement (32 channels): 4 W (effective), estimated size:3x 6 x 1
inch

TRANSMITTER SUBSYSTEM
FLS power requirements: 2.5 W (effective)
SLS power requirements: ~5 W (effective)

_ A preferred embodiment of the system includes the following design criteria:

SLS gap =+/- 6m

Typical mission duration 8 to 10 hours

Frame rate = 1 image/second (AUV speed = 2m/second)

For range resolution = 5.25 in. (match SLS); 64 x 256 class image covers 10m.
— 44m. (16 Kbyte file); Azimuth resolution = 0.7° range/64; 9hr mission raw data file
= 531 Mbytes.

Further preferred embodiments of the present invention provide mean and long
range fbrward-looking sonar performance, short range focusing of the forward-
looking sonar for high resolution classification, three-dimensional imaging with the
forward-looking sonar, side-looking sonar with emphasis on short range focusing to
minimize gap width, downward-looking sonar to define resolution and corridor width
limitations for bathymetric surveys and downward-looking sonar three-dimensional
imaging capabilities to evaluate image skew, and near field focusing update rate
requirements.

It should be understood that the programs, processes, methods and systems
described herein are not related or limited to any particular type of computer or
network system (hardware or software), unless indicated otherwise. Various types of
general purpose or specialized computer systems may be used with or perform

operations in accordance with the teachings described herein.
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In view of the wide variety of embodiments to which the principles of the
present invention can be applied, it should be understood that the illustrated
embodiments are exemplary only, and should not be taken as limiting the scope of the
present invention. For example, the steps of the flow diagrams may be taken in
sequences other than those described, and more or fewer elements may be used in the
block diagrams. While various elements of the preferrec/i embodiments have been
described as being implemented in software, other embodiments in hardware or
firmware implementations may alternatively be used, and vice-versa.

It will be apparent to those of ordinary skill in the art that methods involved in
the sonar beamforming system and method may be embodied in a computer program
product that includes a computer usable medium. For example, such a computer
usable medium can include a readable memory device, such as, a hard drive device, a
CD-ROM, a DVD-ROM, or a computer diskette, having computer readable program
code segments stored thereon. The computer readable medium can also include a
communications or transmission medium, such as, a bus or a communications link,
either optical, wired, or wireless having program code segments carried thereon as
digital or analog data signals.

The claims should not be read as limited to the described order or elements

unless stated to that effect. Therefore, all embodiments that come within the scope

and spirit of the following claims and equivalents thereto are claimed as the invention.
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CLAIMS
What is claimed:
1. A sonar beamforming system, comprising in combination:

a first sonar directed in a first direction, the first sonar having transmit and
receive transducer arrays and a first beamforming device; and
at least one sonar directed in a second direction, the at least one sonar

having multi-element arrays and a second beamforming device.

2. The system of claim 1, wherein the first sonar is a forward-looking sonar

which scans in a direction forward of a vehicle.

3. The system of claim 1, wherein the at least one sonar is a side-looking sonar

which scans in a direction that is orthogonal to the first sonar.

4. The system of claim 1, further comprising a third sonar which is a downward-
looking sonar for high-resolution terrain mapping and object identification, the
third sonar scans in a direction orthogonal to both the first and the at least one

sonar,

5. The system of claim 1, wherein at least one of the first sonar and at least one

sonar are mounted on a pivotable motorized array.

6. The system of claim 1, wherein at least one of the first sonar and the at least
one sonar include multi-mode arrays for at least a detection mode and an

identification mode.

7. The system of claim 1, wherein the system further comprises multi-element

acoustic communication receive arrays.
8. The system of claim 1, further comprising at least one processor in
communication with the first and second beamforming device.
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9. The system of claim 1, wherein the first sonar comprises a plurality of bistatic

transducer arrays.

10.  The system of claim 1, wherein the first and the second beamforming device

comprises a plurality of charge coupled device delay lines.

5 11.  The system of claim 1, further comprising a memory circuit connected to the

first and the second beamforming device.

12, The system of claim 1, further comprising a Firewire interface connected to an

interface controller and the processor.

13.  The system of claim 12, wherein the interface controller is in communication

10 with a memory circuit.

14. A water craft, comprising in combination at least one of;

a first sonar directed in a first direction that is forward-looking, the first
sonar having a transmit and receive transducer array and a beamforming
device; and

15 a second sonar directed in a second direction that is orthogonal to the first
sonar, the second sonar having multi-element arrays and a beamforming

device,

15.  The water craft of claim 14, further comprising a third sonar scanning in a
third direction that is downward-looking for high resolution terrain mapping
20 and object identification, the third sonar having a transmit and receive

transducer array and a beamforming device.

16. The water craft of claim 14, wherein at least one of the first sonar and at least

one second sonar are mounted on a pivotable motorized array.
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The water craft of claim 14, wherein at least one of the first sonar and the
second sonar include multi-mode arrays for at least a detection mode and an

identification mode.

The water craft of claim 14, wherein the system further comprises multi-

element acoustic communication receive arrays.

The water craft of claim 14, further comprising at least one processor in

communication with the beamforming device.
The water craft of claim 14, wherein the second sonar is a side-looking sonar.

The water craft of claim 14, wherein the first sonar comprises a plurality of

bistatic transducer arrays.

The water craft of claim 14, wherein the beamforming device comprises a

plurality of charge coupled device delay lines.

The water craft of claim 14, further comprising a memory circuit connected to

the beamforming device.

The water craft of claim 14, further comprising a Firewire interface connected

to an interface controller and the processor.

The water craft of claim 24, wherein the interface controller is in

communication with a memory circuit.

A sonar scanning in a first direction comprising in combination:

a bistatic transducer array having a first transmit transducer array and a
second receive transducer array;

a beamforming device; and

a processing unit.
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27.  The sonar of claim 26, wherein the beamforming device comprises a plurality

of charge coupled device delay lines.

28.  The sonar of claim 26, wherein the beamforming device comprises a sampling
circuit connected to a programmable delay circuit, a weighting circuit and a

5 summing circuit.

29. The sonar of claim 26, further comprising a memory circuit connected to the

beamforming device.

30.  The sonar of claim 29, further comprising an interface controller connected to

the memory circuit.

10 31.  The sonar of claim 30, further comprising a Firewire interface connected to the
interface controller and the memory circuit, the Firewire interface

communicating with the processing unit.

32.  The sonar of claim 26, wherein the sonar scans in one of three orthogonal

directions such as in a direction forward of a device.

15 33. A method for forming an integrated image comprising the steps of:
obtaining array signals from a first sonar directed in a first direction
that is forward-looking;
obtaining array signals from at least one second sonar scanning in a
second direction orthogonal to the first sonar;
20 normalizing the array signals from the first sonar and the at least one
second sonar to generate normalized data; and

fusing the normalized data to generate an image.
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An underwater unmanned vehicle system comprising in combination:

a first sonar scanning in a first direction, the first sonar having a transmit
and receive transducer array and a beamforming device; and

at least one sonar having a second transducer array and a beamforming

device, the at least one sonar scanning in a second direction.

The system of claim 34, further comprising a third sonar for high-resolution
terrain and object identification, the third sonar scanning in a third direction

orthogonal to the first direction and the second direction.

The system of claim 34, wherein at least one of the first sonar and the at least

one sonar are mounted on a pivotable motorized array.

The system of claim 34, wherein at least one of the first sonar and the sonar
include multi-mode arrays for at least a detection mode and an identification

mode.

The system of claim 34, wherein the system further comprises multi-element

acoustic communication receive arrays.

The system of claim 34, wherein the beamforming device further comprises a

plurality of charge domain delay lines.

The system of claim 34, wherein the beamforming device comprises a
sampling circuit connected to a programmable delay circuit, a weighting

circuit, and a summing circuit,

The system of claim 34, further comprising a memory circuit connected to the

beamforming device.

The system of claim 41, further comprising an interface controller connected

to the memory circuit,
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The system of claim 42, further comprising a Firewire interface connected to
the interface controller and the memory circuit, the Firewire interface

communicating with a central processor,

The system of claim 34, wherein the beamforming device comprises a charge

domain delay line.

The system of claim 44, further comprising a plurality of charge coupled

device delay lines, each delay line having a programmable tap selection circuit.
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INTERNATIONAL SEARCH REPORT International application No.

PCT/US05/27436

A, CLASSIFICATION OF SUBJECT MATTER
PC: GO1S 15/89(2006.01)
GO1S 15/00( 2006.01)

USPC: 367/88 .
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
U.S.:367/88, 92, 188

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
PLUS search, East text search

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 5,390,152 A (BOUCHER et al) 14 February 1995 (14.02.1995), see Fig. 2 1-24
Y US 4,216,537 A (DELIGNIERES) 05 August 1980 (05.08.1980), see Figs. 1 and 2 1-24
Y US 4,879,697 A (LOWRANCE et al) 07 November 1989 (07.11.1989), see Figs. 1-4 1-24
Y US 4,970,700 A (GILMOUR et al) 13 November 1990 (13.11.1990), see Figs. 9-11 1-24
Y US 4,075,599 A (KOSALOS et al) 21 Pebruary 1978 (21.02.1978), see Figs. 2-4 1-24
Y US 4,207,620 A (MORGERA) 10 June 1980 (10.06.1980), see entire document 1-24

D Further documents are listed in the continuation of Box C. D See patent family annex.

. Special categories of cited d nts: “T" {ater document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
“A”  document defining the gencral state of the art which is mot considered to be of principle or theory underlying the invention
particular relevance
“xn document of particular relevance; the claimed invention cannot be
“E"  earlier application or patent published on or after the international filing date considered novel or cannot be considered to involve an inventive step
when the document is taken alone
“L”  document which may throw doubts on priority claim(s) or which is cited to
blish the publication date of another citation or other special reason (as Y document of particular relevance; the claimed invention cannot be
specified) considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
“0”  document referring to an oral disclosure, use, exhibition or other means being obvious to a person skilled in the art
“p"  document published prior to the international filing date but later than the “& document member of the same patent family
priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
07 Novermber 2007 (07.11.2007) 20 NOV 2007
Name and mailing address of the ISA/US Authorized officer
Mail Stop PCT, Attn: ISA/US % \M/
Commissioner for Patents Jan J. Lobo \&
P.O. Box 1450
Alexandria, Virginia 22313-1450 Telephone No. (571) 272-6974
Facsimile No. (571) 273-3201

Form PCT/ISA/210 (second sheef) (April 2005)
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PCT

INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY

(Chapter I of the Patent Cooperation Treaty)

(PCT Rule 44bis)
Applicant’s or agent’s file reference FOR FURTHER ACTION See item 4 below
J285.13-3
International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/US2005/027436 02 August 2005 (02.08.2005) 02 August 2004 (02.08.2004)

International Patent Classification (8th edition unless older edition indicated)
See relevant information in Form PCT/ISA/237

Applicant
JOHNSON OUTDOORS INC.

1. This international preliminary report on patentability (Chapter I) is issued by the International Bureau on behalf of the
International Searching Authority under Rule 44 bis.1(a).

2. This REPORT consists of a total of S sheets, including this cover sheet.

In the attached sheets, any reference to the written opinion of the International Searching Authority should be read as a reference
to the international preliminary report on patentability (Chapter I) instead.

& Box No. I

Box No. [T

Box No. II1

Box No. IV

Box No. V

Box No. VI

Box No. VI

XU X

Box No. VIII

date (Rule 44bis .2).

3. This report contains indications relating to the following items:

Basis of the report
Priority

Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

Lack of unity of invention

Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Certain documents cited
Certain defects in the international application

Certain observations on the international application

4.  The International Bureau will communicate this report to designated Offices in accordance with Rules 44bis.3(c) and 93bis.1 but
not, except where the applicant makes an express request under Article 23(2), before the expiration of 30 months from the priority

Date of issuance of this report
06 December 2007 (06.12.2007)

Facsimile No. +41 22 338 82 70

The International Bureau of WIPO
34, chemin des Colombettes .
1211 Geneva 20, Switzerland Nora Lindner

Authorized officer

e-mail: ptD2.pct@wipo.int
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From the

PATENT COOPERATION TREATY

INTERNATIONAL SEARCHING AUTHORITY

To:
DAVID R. FAIRBAIRN
KINNEY & LANGE, P.A.

PCT

KINNEY & LANGE BUILDING
312 SOUTH THIRD STREET WRITTEN OPINION OF THE
MINNEAPOLIS, MN 55415-1002 INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of maili
(dﬁ/&oﬁl/xfr) % 0 NOV 2007

Applicant’s or agent’s file reference FOR FURTHER ACTIO

1285.13-3 See paragraph 2 below
International application No. International filing date (day/monthiyear) Priority date (day/month/year)
PCT/US05/27436 02 August 2005 (02.08.2005) 02 August 2004 (02.08.2004)

USPC: 367/88

International Patent Classification (IPC) or both national classification and IPC
PC: GO1S 15/89( 2006.01) GO1S 15/00( 2006.01)

Applicant

JOHNSON OUTDOORS, INC.

’Av{ Box No. I
D Box No. I
D Box No. [l
D Box No. IV
Box No. V
D Box No. VI
D Box No. VI
% Box No. VIII

1. This opinion contains indications relating to the following items:

Basis of the opinion

Priority

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
Lack of unity of invention

Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

Certain documents cited
Certain defects in the international application

Certain observations on the international application

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the
International Preliminary Examining Authority ("IPEA") except that this does not apply where the applicant chooses an
Authority other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1bis(b)
that written opinions of this International Searching Authority will not be so considered.

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

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

3. For further details, see notes to Form PCT/ISA/220.

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

Mail Stop PCT, Atin: ISA/US

Commissioner for Patents 07 November 2007 (07.11.2007) | lanJ. Lobo

P.O. Box 1450

Alexandria, Virginia 22313-1450 Telephone No. (571) 272-6974
Pacsimile No. (571) 273-3201 P (571

Form PCT/ISA/237 (cover sheet) (April 2005)
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fornational application No.
WRITTEN OPINION OF THE International application No

INTERNATIONAL SEARCHING AUTHORITY PCT/US05/27436

Box No. I Basis of this epinion

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

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

2. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and necessary to the claimed
invention, this opinion has been established on the basis of:

a. type of material
[:I a sequence listing
D table(s) related to the sequence listing

b. format of material
D on paper

D in electronic form

c. time of filing/furnishing
D contained in the international application as filed.
D filed together with the international application in electronic form.

L—_] furnished subsequently to this Authority for the purposes of search.

3. D In addition, in the case that more than one version or copy of'a sequence listing and/or table(s) relating thereto has been filed
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

4. Additional comments:

or furnished, the required staiements that the information in the subsequent or additional copies is identical to that in the -

Form PCT/ISA/237(Box No. 1) (April 2005)
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International application No.
WRITTEN OPINION OF THE PCT/US05/27436

INTERNATIONAL SEARCHING AUTHORITY

Box No. V Reasoned statement under Rule 43 bis.1(2)(i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Claims 1-24 YES
Claims NONE NO
Inventive step (IS) - Claims NONE YES
Claims 1-24 NO
Industrial applicability (IA) Claims 1-24 YES
Claims NONE NO

2. Citations and explanations:

Gilmour et al ('700), Kosalos et al, {'599) Delignicres, (*537) or Lowrance et al ('697) and Morgera ('620).

The patent to Boucher et al discloses a transducer assembly that includes a
housing (34) having mounting members (30), a forward scan acoustic element (15) and
a down scan acoustic element (14) and an electronically controlled head (see Fig. 2).

The difference between claims 1,21 and 25 and Boucher et al is the claims
specifies “at least one side scan acoustic element” or "a pair of side scan acoustic
elements.", respectively. As aforementioned, Boucher et al discloses a "forward scan
acoustic element",

Morgera teaches that it is advantageous to utilize side looking or side scanning
sonar imaging to provide greater coverage along the sides of a ship or vessel to thercby
minimize the number of passes that the ship must make for complete mapping,

Side scan acoustic elements in sonar imaging systems are well known as

evidenced by figures 9-11 of Gilmour et al, figures 2-4 of Kosalos et al, figures 1 and 2
of Deligneres and figures 1-4 of Lowrance et al.

evidenced by the well-known examples shown in Gilmour et al, Kosalos etal, Deligneres or Lowrance et al, so as to increase the
coverage of the mapping at a minimum of passes would not include an inventive step. Claims 1, 21 and 25 are 50 rejected.

Dependent claims 2-20 and 22-24 are further provided by the above noted
combination of prior art.

claimed can be made or used in industry.

Claims 1-24 lack an inventive step under PCT Article 33(3) as being obvious over Boucher et al (152) in view of any one of

Therefore, in view of Mogera, to modify Boucher et al to include at least one or a pair of side scan acoustic elements, as

Claims 1-24 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because the subject matter

Form PCT/ISA/237 (Box No. V) (April 2005)
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International application No,
WRITTEN OPINION OF THE
INTERNATIONAL SEARCHING AUTHORITY PCT/US05/27436

Box No, VIII  Certain observations on the international application

The following observations on the clarity of the claims, description, and drawmgs or on the questions whether the claims are fully
supported by the description, are made:

Claims 23-24 are objected to under PCT Rule 66.2(a)(v) as lacking clarity under PCT Article 6 because claims 23 is indefinite for the
following reason(s); There are two claims numbered 23.

Form PCT/ISA/237 (Box No. VII) (April 2005)
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Electronic Acknowledgement Receipt

EFSID: 13387214
Application Number: 12460139
International Application Number:
Confirmation Number: 9769

Title of Invention:

DOWNSCAN IMAGING SONAR

First Named Inventor/Applicant Name:

Brian T. Maguire

Customer Number:

826

Filer:

Donald Merton Hill/Joyce Smith

Filer Authorized By:

Donald Merton Hill

Attorney Docket Number: 038495/369324
Receipt Date: 31-JUL-2012
Filing Date: 14-JUL-2009
Time Stamp: 18:27:53

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
397553
1 IDS369324.PDF yes 6
6fd7ce8b8847cf35f701251a0690f206e198
Tec2
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Multipart Description/PDF files in .zip description

Document Description Start End
Transmittal Letter 1 2
Information Disclosure Statement (IDS) Form (SB08) 3 6
Warnings:
Information:
5960985
2 1ART038495.PDF yes 104
80ac7d8307fec0d48866bdb94879e87a46f|
dfffa
Multipart Description/PDF files in .zip description
Document Description Start End
Foreign Reference 1 13
Foreign Reference 14 40
Foreign Reference 41 70
Non Patent Literature 71 71
Non Patent Literature 72 76
Non Patent Literature 77 80
Non Patent Literature 81 92
Non Patent Literature 93 101
Non Patent Literature 102 104
Warnings:
Information:
18656393
3 Non Patent Literature Blondel.pdf no 108
733513546a19969469ebb6312d9a894f16d|
dbbb7
Warnings:
Information:
18282209
4 Non Patent Literature 2Blondel.pdf no 70
9958a79b8c2865459¢1030b0c31c9fcf5db
b4b3
Warnings: RAY-1D02
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Information:




15861586
5 Non Patent Literature 3Blondel.pdf no 53

a0e0234312b3e55ec81218¢1c9154b88c3a)
a95df

Warnings:

Information:

23584038
6 Non Patent Literature 4Blondel.pdf no 117
cc3fde31dd596fc7f3c111e2ad 162¢86d 111
9bfc
Warnings:
Information:
25376754
7 Non Patent Literature Calcutt.pdf no 122
a3984aabb3218ac08e31¢1b2886838aa244|
e4320
Warnings:
Information:
Total Files Size (in bytes); 108119518

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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PATENT
Attorney Docket No. 038495/369324

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re: Maguire Confirmation No.: 9769

Appl. No.: 12/460,139 Group Art Unit: 3645
Filed: July 14, 2009 Examiner: J. R. Hulka
For: DOWNSCAN IMAGING SONAR

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
UNDER 37 C.F.R. § 1.97(d)

This Information Disclosure Statement is being filed after a Notice of Allowance under
37 C.F.R. § 1.311, but before payment of the Issue Fee. The Notice of Allowance was mailed on
July 23, 2012.

Attached is a list of documents on form PTO-1449 along with any cited foreign patent
documents and non-patent literature documents in accordance with 37 CFR 1.98(a)(2). Also
enclosed is a translation or a concise explanation of each non-English language document.

By identifying the listed documents, Applicant in no way makes any admission as to the
prior art status of the listed documents, but is instead identifying the listed documents for the
sake of full disclosure.

In accordance with the requirements of 37 C.F.R. § 1.97(d)(2), the following statement as
specified in 37 C.F.R. § 1.97(e) is made:

No item of information contained in this statement was cited in a communication from a
foreign patent office in a counterpart foreign application, and, to the knowledge the person
signing this document after making reasonable inquiry, no item of information contained in this
statement was known to any individual designated in 37 C.F.R. § 1.56(c) more than three (3)

months prior to the filing of this statement.
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In re: Maguire

Appl. No.: 12/460,139
Filed: July 14, 2009
Page 2

The $180.00 fee specified in 37 C.F.R. § 1.17(p) is being paid at the time of e-filing. The
Commissioner is authorized to charge any additional fee, or credit any refund, to our Deposit

Account No. 16-0605.
Respectfully submitted,

Pé4trick L. Kartes
Registration No. 64,678

CUSTOMER No. 00826

ALSTON & BIRD LLP

Bank of America Plaza

101 South Tryon Street, Suite 4000

Charlotte, NC 28280-4000

Tel Charlotte Office (704) 444-1000

Fax Charlotte Office (704) 444-1111

ELECTRONICALLY FILED USING THE EFS-WEB ELECTRONIC FILING SYSTEM OF THE UNITED STATES PATENT &
TRADEMARK OFFICE ON July 31, 2012.
#33544993v1
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Electronic Patent Application Fee Transmittal

Application Number: 12460139

Filing Date: 14-Jul-2009

Title of Invention: DOWNSCAN IMAGING SONAR
First Named Inventor/Applicant Name: Brian T. Maguire

Filer: Donald Merton Hill/Joyce Smith
Attorney Docket Number: 038495/369324

Filed as Large Entity

Utility under 35 USC 111(a) Filing Fees

Sub-Total in

Description Fee Code Quantity Amount USD($)

Basic Filing:

Pages:

Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:
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. . Sub-Total in
Description Fee Code Quantity Amount USD($)
Miscellaneous:
Submission- Information Disclosure Stmt 1806 1 180 180
Total in USD ($) 180
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Electronic Acknowledgement Receipt

EFSID: 13387261
Application Number: 12460139
International Application Number:
Confirmation Number: 9769
Title of Invention: DOWNSCAN IMAGING SONAR
First Named Inventor/Applicant Name: Brian T. Maguire
Customer Number: 826
Filer: Donald Merton Hill/Joyce Smith
Filer Authorized By: Donald Merton Hill
Attorney Docket Number: 038495/369324

Receipt Date: 31-JUL-2012

Filing Date: 14-JUL-2009

Time Stamp: 18:32:14

Application Type: Utility under 35 USC 111(a)

Payment information:
Submitted with Payment yes
Payment Type Deposit Account
Payment was successfully received in RAM $180
RAM confirmation Number 7685
Deposit Account 160605
Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

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

File Listing:
Document L. . File Size(Bytes Multi Pages
Document Description File Name ( y V . . 9
Number Message Digest | Part/.zip| (ifappl.)
11009849
1 2ART038495.PDF yes 128
8addd69b23bfd02d 7441554 1f42759591a3
9642e
Multipart Description/PDF files in .zip description
Document Description Start End
Non Patent Literature 1 34
Non Patent Literature 35 37
Non Patent Literature 38 61
Non Patent Literature 62 65
Non Patent Literature 66 67
Non Patent Literature 68 76
Non Patent Literature 77 92
Non Patent Literature 93 102
Non Patent Literature 103 106
Non Patent Literature 107 114
Non Patent Literature 115 128
Warnings:
Information:
18957903
2 Non Patent Literature KvitekFinalReport.pdf no 92
807b8311ac8a6a30438506f1a8e679f20e87
<988
Warnings:
Information:
12355023
3 3ART038495.PDF yes RAY-1
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Multipart Description/PDF files in .zip description
Document Description Start End

Non Patent Literature 1 5
Non Patent Literature 6 11
Non Patent Literature 12 29
Non Patent Literature 30 31
Non Patent Literature 32 35
Non Patent Literature 36 37
Non Patent Literature 38 59
Non Patent Literature 60 61
Non Patent Literature 62 71
Non Patent Literature 72 73
Non Patent Literature 74 77

Warnings:

Information:

30357
4 Fee Worksheet (SB06) fee-info.pdf no 2
86ba84e4374ef9196740d1f5a8c474d32c4 o
2b43
Warnings:
Information:
Total Files Size (in bytes); 42353132
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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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Electronic Acknowledgement Receipt

EFSID: 13387312
Application Number: 12460139
International Application Number:
Confirmation Number: 9769

Title of Invention:

DOWNSCAN IMAGING SONAR

First Named Inventor/Applicant Name:
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Customer Number:

826

Filer:

Donald Merton Hill/Joyce Smith

Filer Authorized By:

Donald Merton Hill

Attorney Docket Number: 038495/369324
Receipt Date: 31-JUL-2012
Filing Date: 14-JUL-2009
Time Stamp: 18:36:41

Application Type:

Utility under 35 USC 111(a)
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Submitted with Payment no
File Listing:
Document . L. . File Size(Bytes)/ Multi Pages
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21721740
5 Non Patent Literature 2Trabant.pdf no 98
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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.Uspto.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

826 7590 07/23/2012 | EXAMINER |
ALSTON & BIRD LLP HULKA, JAMES R
BANK OF AMERICA PLAZA
101 SOUTH TRYON STREET, SUITE 4000 | ART UNIT PAPER NUMBER |
CHARLOTTE, NC 28280-4000 3645

DATE MAILED: 07/23/2012
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/460,139 07/14/2009 Brian T. Maguire 038495/369324 9769

TITLE OF INVENTION: DOWNSCAN IMAGING SONAR

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

nonprovisional NO $1740 $300 $0 $2040 10/23/2012

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 SMALL ENTITY status shown above.

If the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now

Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)

and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (f required) and 1/2
the ISSUE FEE shown above.

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

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

IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due. RAY-1002
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PART B - FEE(S) TRANSMITTAL

Complete and send this form, together with applicable fee(s), to: Mail Mail Stop ISSUE FEE
Commlssmner for Patents
P.O.Box 1
Alexandria, Virginia 22313-1450
or Fax (571)-273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
ppropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
1cated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

malntenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
Eapers. Each additional paper, such as an assignment or formal drawing, must

ave its own certificate of mailing or transmission.

826 7590 07/23/2012
ALSTON & BIRD LLP Certificate of Mailing or Transmission
BANK OF AMERICA PLAZA Staies Postal Service with sofficiont postage or st closs mail in an cavelope
101 SOUTH TRYON STREET, SUITE 4000 addressed to the Mail Stop ISSUE FEE address above, or being facsimile

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

CHARLOTTE, NC 28280-4000

(Depositor's name)

(Signature)
(Date)
APPLICATION NO. FILING DATE FIRST NAMED INVENTOR ATTORNEY DOCKET NO. CONFIRMATION NO.
12/460,139 07/14/2009 Brian T. Maguire 038495/369324 9769
TITLE OF INVENTION: DOWNSCAN IMAGING SONAR
| APPLN. TYPE SMALL ENTITY | ISSUE FEE DUE | PUBLICATION FEE DUE | PREV. PAID ISSUE FEE TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1740 $300 $0 $2040 10/23/2012
| EXAMINER | ART UNIT | CLASS-SUBCLASS |
HULKA, JAMES R 3645 367-088000
1. Change of correspondence address or indication of "Fee Address" (37 2. For printing on the patent front page, list
CFR 1.363). . 1
(1) the names of up to 3 registered patent attorneys
| Chan%e of correspondence address (or Change of Correspondence or agents OR, alternatively,
Address form PTO/SB/122) attached. . ! . 2
(2) the name of a single firm (having as a member a
[ "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3
Number is required. listed, no name will be printed.

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

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

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

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

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

5. Change in Entity Status (from status indicated above)
. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. . Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

Typed or printed name Registration No.

This collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1 14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will v. epending upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent toalt'f}lle Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandgrla 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. RAY-1002
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UNITED STATES PATENT AND TRADEMARK OFFICE

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

P.O. Box 1450

Alexandria, Virginia 22313-1450

WWW.Uspto.gov

| APPLICATION NO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. CONFIRMATION NO. |
12/460,139 07/14/2009 Brian T. Maguire 038495/369324 9769
826 7590 07/23/2012 | EXAMINER |
ALSTON & BIRD LLP HULKA, JAMES R
BANK OF AMERICA PLAZA
101 SOUTH TRYON STREET, SUITE 4000 | ART UNIT PAPER NUMBER |
CHARLOTTE, NC 28280-4000 3645

DATE MAILED: 07/23/2012

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

The Patent Term Adjustment to date is 299 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 299 day(s).

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

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

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
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.

RAY-1002
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Privacy Act Statement

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

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

1.

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

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

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

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

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

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

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

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

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

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

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

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

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

. A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local

law enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or
regulation.
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Application No. Applicant(s)

. . 12/460,139 MAGUIRE, BRIAN T.
NOtlce Of Allowablllty Examiner Art Unit
JAMES HULKA 3645

-- 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 22 June 2012.

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

3. X The allowed claim(s) is/are 57-84,86,88-125,127-131 and 134.

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

a[d Al b)y[JSome* c)[]None ofthe:
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. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.
6. [] CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) [0 including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [J to Paper No./Mail Date _____.
(b) [0 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).

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

Attachment(s)
1. [ Notice of References Cited (PTO-892) 5. [ Notice of Informal Patent Application
2. [[] Notice of Draftperson's Patent Drawing Review (PTO-948) 6. [] Interview Summary (PTO-413),
Paper No./Mail Date .

3. X Information Disclosure Statements (PTO/SB/08), 7. [ Examiner's Amendment/Comment

Paper No./Mail Date 20120622
4. [J Examiner's Comment Regarding Requirement for Deposit 8. [ Examiner's Statement of Reasons for Allowance

of Biological Material

9. [] Other )

M.H/ /ISAM ALSOMIRI/
Examiner, Art Unit 3645 Supervisory Patent Examiner, Art Unit 3645

D

RAY-100!
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Issue Classification

Application/Control No.

Applicant(s)/Patent Under Reexamination

12460139 MAGUIRE, BRIAN T.
Examiner Art Unit
JAMES HULKA 3645

ORIGINAL INTERNATIONAL CLASSIFICATION
CLASS SUBCLASS CLAIMED NON-CLAIMED
367 88 G|lo]|1]|s 15/ 00 (2006.0)
CROSS REFERENCE(S)
CLASS SUBCLASS (ONE SUBCLASS PER BLOCK)
O Claims renumbered in the same order as presented by applicant O CPA O T.b. O R.1.47
Final Original Final Original Final Original Final Original Final Original Final Original Final Original Final Original

1 57 17 73 34 89 47 105 61 121 137

2 58 18 74 35 90 48 106 62 122

3 59 19 75 36 91 49 107 63 123

4 60 23 76 37 92 50 108 66 124

5 61 24 77 38 93 51 109 67 125

6 62 25 78 39 94 52 110 126

7 63 26 79 42 95 64 111 68 127

8 64 27 80 40 9 65 112 69 128

9 65 28 81 41 97 53 113 70 129

10 66 29 82 43 98 54 114 71 130

11 67 30 83 44 99 55 115 72 131

12 68 31 84 20 100 56 116 132

13 69 85 45 101 57 117 133

14 70 32 86 21 102 58 118 73 134

15 71 87 22 103 59 119 135

16 72 33 88 46 104 60 120 136
.H./
Examiner.Art Unit 3645 06/25/2012 Total Claims Allowed:

73

(Assistant Examiner) (Date)
/ISAM ALSOMIRI/
Supervisory Patent Examiner.Art Unit 3645 07/14/2012 O.G. Print Claim(s) O.G. Print Figure
(Primary Examiner) (Date) 76 5

U.S. Patent and Trademark Office

Part of Paper Ncﬁé&é‘b%gé
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Rﬁﬁeipi—@ﬁiﬁh thd B l44oTO] 22 Complete if Knowﬁ 24@@1 39 ~ (.ﬁAU . 3645
(Revised 07/2007) Application Number 12/460,139
RM Filing Dat July 14, 2009
INFO ATION DISCLOSURE F;rlsrtl%\la;):d Inventor ;n);n T. Maguire
STATEMENT BY APPLICANT [ um 3645
(Use as many sheels as necessary) Examiner Name HULKA, James R.
Sheet | 1 | of | 1 | Attorney Docket Number 038495/369324
U. S. PATENT DOCUMENTS
Document Number
Examiner | Cite Publication Date Name of Patentee or Pages, Columns, Lines, Where
Initials* | No. | Number - Kind Code (if known) | MM-DD-YYYY Applicant of Cited Document Relevant Passagf °f:e'eva"' Figures
ppe
278 | US-4,935,906 06-19-1990 Baker, et al.
279 | US 2001/0026499 Al 10-04-2001 Inouchi
280 | US 2012/0106300 Al 05-03-2012 Maguire
FOREIGN PATENT DOCUMENTS
Foreign Patent Document Pages, Columns, Lines, English
Examiner | Cite Publication Date | Name of Patentee or Where Relevant Language
Initials* No. Country Code - Number Kind Code MM-DD-YYYY | Applicant of Cited Passages or Relevant Translation
(if known) Document Figures Appear Attached
281 JP 50-109389 (U) 09-06-1975
282 | JP 54-054365 (U) 04-14-1979 Furuno Denki, Co. YES
Ltd.
283 | JP 62-099877 (U) 06-25-1987 YES
284 | JP 62-190480 (A) 08-20-1987 Japan Tech Rex & Abstract
Dev Inst, et al.
285 | JP 62-134084 (U) 08-24-1987
286 | JP 63-261181 (A) 10-27-1988 NEC Corp Abstract
287 | JP 7-031042 (A) 01-31-1995 Fujikura Ltd YES
288 | JP 10-186030 (A) 07-14-1998 Koden Electronics Abstract
Co Ltd
289 | JP2001-074840 (A) 03-23-2001 Achilles Corp Abstract
290 | JP 2004-020276 (A) 01-22-2004 Honda Electronic Abstract
OTHER DOCUMENTS
Inchude name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the item (book, English
Examiner Cite magazine, journal, serial, symposium, catalog, etc.), date, page(s) , volume-issue number(s), publisher, city and/or Language
Initials* No. country where published. Translation
Attached
291 | MARINE ACOUSTICS SOCIETY OF JAPAN (Editor); “Basics and Application of Marine
Acoustics”; April 28, 2004; pp. 152-172
Examiner [ I Hom Date 06/25/2012
Signature fames Hulka/ Considered I
*Examiner; Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line RAY-1002
through citation if not in conformance and not considered. Include copy of this form with next communication to 116 (;f 737
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Index of Claims

12460139

Application/Control No. Applicant(s)/Patent Under

Reexamination
MAGUIRE, BRIAN T.

Examiner

JAMES HULKA

Art Unit

3645

v Rejected -

Cancelled N

Non-Elected A Appeal

= Allowed =

Restricted |

Interference o) Objected

O Claims renumbered in the same order as presented by applicant

O cpa O T.D. O R.1.47
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DATE

Final Original [07/26/2011]09/13/2011 [ 12/08/2011]03/07/2012
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Index of Claims

Application/Control No.

12460139

Applicant(s)/Patent Under
Reexamination

MAGUIRE, BRIAN T.

Examiner

JAMES HULKA

Art Unit

3645

v Rejected -

Cancelled N

Non-Elected A Appeal

= Allowed =

Restricted |

Interference o) Objected

O Claims renumbered in the same order as presented by applicant

O cpa O T.D. O R.1.47

CLAIM

DATE

Final Original [07/26/2011]09/13/2011 [ 12/08/2011]03/07/2012
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Index of Claims

Application/Control No.

Applicant(s)/Patent Under
Reexamination

12460139 MAGUIRE, BRIAN T.
LT
JAMES HULKA 3645
v Rejected - Cancelled N | Non-Elected A Appeal
= Allowed + Restricted | Interference o) Objected
[0 cClaims renumbered in the same order as presented by applicant O cpa O T.D. O R.1.47
CLAIM DATE
Final Original [07/26/2011]09/13/2011 [ 12/08/2011]03/07/2012
17 73 - v v Z
18 74 s v v =
19 75 = v v =
23 76 + 4 v =
24 77 + v v _
25 78 = v v =
26 79 = v v =
27 80 = v v =
28 81 = v v =
29 82 = v v =
30 83 s v v =
31 84 - v v =
85 + v -
32 86 + v v =
87 + v -
33 88 + v v =
34 89 s v v =
35 20 = v v =
36 91 = v v =
37 92 = v v =
38 93 = v v =
39 94 = v v =
42 95 - v v _
40 % - v v _
41 97 s v v =
43 98 - v v Z
44 99 = v v =
20 100 v =
45 101 v -
21 102 v =
22 103 v =
46 104 v =
47 105 v =
48 106 v -
49 107 v =
50 108 v =

U.S. Patent and Trademark Office
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Index of Claims

Application/Control No. Applicant(s)/Patent Under

Reexamination
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[Revenue Stamps 3,000 Yen]
JAPANESE UTILITY MODEL REGISTRATION APPLICATION
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Attn; Director General of the Patent Office

1. Title of the Idea
MOUNTING DEVICE OF UNDERWATER SEARCH ECHO SOUNDER TRANSDUCER TO
NONMETAL VESSEL HULL

2. Designer :

Address: 9-52 Ashihara-cho, Nishinomiya city, Hyogo Prefecture
Furuno Denki, Co. Ltd.

Name: SATO, Yuji

3. Utility Model Registration Applicant
Address: 4160 Kuchinotsu Machitei, Minamitakaki-gun, Nagasaki Prefecture
Name: Furuno Denki, Co. Ltd.
Representative: FURUNO, Kiyotaka
(Postal Delivery) Postal Code 662
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Furuno Denki, Co. Ltd. '
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(3) Copy of Application 1
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Japanese Unexamined Utility Model Registration No. 54-54365
Specification

I. Title of the Idea
MOUNTING DEVICE OF ECHO SOUNDER TRANSDUCER FOR

HYDROSPACE SENSOR TO NON-METALLIC SHIP

2. Scope of Registered Utility Model

A mounting device of an echo sounder transducer for a hydrospace sensor to a non-
metallic ship configured with an echo sounder transducer case that is held so that a
radiation surface of the ultrasonic transducer appears on the lower end surface with a
flange in the periphery of the upper end surface, a frame in the form of rectangular
parallelepiped shape having a hitch part that is embedded in advance in the bottom of the
ship and formed so as to be held after at least two mutually opposing flanges of the echo
sounder transducer case are slid and engaged, and a latch provided on the remaining side

of the frame to latch the flanges.

3. Detailed Description of the Idea

The present idea relates to an echo sounder transducer mounting device to mount in
the bottom of a ship in which an echo sounder transducer for the hydrospace sensor is
* projected a specified length below the bottom of the ship, and particularly relates to an
echo sounder transducer mounting device in which an echo sounder transducer can be

mounted extremely easily on the bottom of a non-metallic ship.

A hydrospace sensor that detects a school of fish, the bottom of the ocean, or the
like to observe an underwater condition sends an ultrasonic pulse signal of a specified
frequency at a constant cycle from an echo sounder transducer mounted on the
undersurface of the bottom of a ship, receives a reflected wave from a school of fish or
the like, and displays the received signals on a recorder to provide precise hydrospace

information to a user. Because the reflected signals that come back to the echo sounder
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receiver are extremely weak by being faded considerably due to undersea factors, and
when these are amplified in a high degree, various noises are also amplified likewise, so a
clear display image is difficult to obtain. Accordingly, it is desirable to minimize to the
utmost the fading of the ultrasonic reflected signal that occurs until reaching the echo
sounder receiver.

Originally, the ultrasound signal has a characteristic to fade considerably due to
an air bubbling layer or an eddy layer, and particularly an air bubbling layer generated
when waves crash against the bow as the ship travels the water, and an eddy or the like
due to a projection structure of the bottom of the ship covering the surface of the echo
sounder transducer, the reception performance of the hydrospace sensor is considerably
deteriorated. In order to avoid the air bubbling layer that rushes through the bottom of
the ship, conventionally the echo sounder transducer have been held by projecting
anywhere from 20 to 40 [cm] from the bottom surface of the ship. More specifically,
The upper surface of an steel made echo sounder transducer case has been cut in
conformity to an inclination of the bottom of the ship part and the cut surface was weld to
the board of the bottom of the ship. This method has been a suitable installation method
for a steel ship that was the mainstream in the past; however, this could not be applied to
a FRP (fiberglass reinforced plastics) ship that has been popularized rapidly in recent
years.

This idea is to provide a suitable echo sounder transducer mounting device to
install the echo sounder transducer into FRP ships.

Descriptions of embodiments of the present idea will be given hereinafter with
reference to drawings.

FIG. 1 is a conventional device in which an echo sounder transducer is mounted
in the bottom of the ship of a steel ship.

In FIG. 1, ultrasonic transducers 3 and 4 are mounted on a plate 2 that configures
an echo sounder transducer case 1, and the plate 2 is fixed by a bolt 5. The upper surface
of the echo sounder transducer case 1 is welded and fixed continuously on the bottom

sheathing 6.
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On the other hand, in the case of an FRP ship in which the body is formed by a
laminating material of FRP resin, a welding method cannot be used so a fastening method
that uses a bolt or the like is considered.

FIG. 2 is a conventional device where an echo sounder transducer is mounted to a
wooden ship. This was widely performed in the previous stage transitioning to the steel
ship.

In FIG. 2, flange 7 where an appropriate number of mounting holes are provided
in the periphery is welded on the upper surface of an iron echo sounder transducer case 1,
and the echo sounder transducer case 1 is fixed to the top and bottom of the bottom
sheathing 8 by using a bolt 12 and a nut 13 that penetrate filler pieces 10 and 11 to
compensate the inclination of the bottom part of the ship.

Although the same mounting method as the mounting method to the wood ship in
FIG. 2 may be considered for use, a partial deterioration of strength is likely to occur
because the mounting holes are drilled into the bottom sheathing, and this leads to
deficiency requiring a preventive treatment for water leakage.

FIG. 3 illustrates an embodiment of the present idea. FIG. 4 illustrates an
explanatory drawing for a mounting process of the embodiment, FIG. 5 illustrates the
essential part of the embodiment. FIG. 6 is a cross-sectional view of the embodiment
described above. FIG. 7 and FIG. 8 are cross-sectional views of another embodiment.

In FIG. 3, ultrasonic transducers 3 and 4 are held on the bottom surface of the
echo sounder transducer case 15 so that those radiation surfaces appear from the case,
and a flange 16 is provided integrally on the upper surface of the echo sounder transducer
case.

A U-shaped or L-shaped hitch part 17 is provided on three sides as illustrated in
FIG. 5 and a frame shape having notch 18 is formed on the remaining side in the bottom
of an RFP ship, Frame 19 is embedded in advance when forming the ship body with FRP
resin. The hitch part 17 may be integrally formed with the frame 19, or may be
configured by welding a U-shaped or I-shaped metal fitting to the frame, and when
embedding in the bottom of the ship in advance, the hitch part 17 is outside the bottom of
the ship. Screw hole 20 is cut in the notch part 18 of the frame.
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The echo sounder transducer case 15 is held in the bottom of the ship 14 by
engaging the flange 16 into the hitch part 17 and pressure welding with an L-shaped
pressure welding plate 21, Through holes for a bolt to be through are provided in the
pressure welding plate 21, and the pressure welding plate 21 is fastened to the frame 19
by the bolt so these through holes are arranged opposing each other to the screw hole of
the frame 19, Arrow A indicates a traveling direction of the ship.

In FIG. 4, an echo sounder transducer case 15 having ultrasonic transducers 3 and
4 and flange 16 are engaged so as to slide within a U-shaped hitch part 17 in the arrow B
direction, and subsequently, L-shaped pressure welding plate 21 is pressed against one
side of the flange and secured with a bolt to be fixed on the bottom of the ship.

In FIG. 6, an echo sounder transducer case 15 is held by being engaged into a
hitch part 17 of a frame 19 where the flange 16 is embedded in the bottom of the ship in
advance. A section 22 where the frame of the bottom of the ship 14 is embedded is
fdrmed in a convex shape in order to prevent the deterioration of strength or is formed in
a streamlined shape or the like in order to reduce traveling resistance. As illustrated in
FIG. 7, when the flange is doubly provided so as to be on either side of the hitch part 17,
the echo sounder transducer case 15 can be held securely, and also wave recéiving noise
can be reduced because a lash can be suppressed.

When compensating for the inclination of the bottom of the ship 14, the height
may be adjusted when molding the ship bottom convex part 22 as illustrated in FIG. 8(A),
or the upper part of the echo sounder transducer case 15 may be formed to conform to an
inclination of the bottom of the ship as illustrated in FIG, 8(B).

According to the idea described above, the ultrasonic echo sounder transducer can
be mounted extremely easily to the bottom of the ship with no occurrence of deterioration
in the strength of the bottom of the ship, and the only object penetrating the bottom of the
ship is an echo sounder transducer cable, so a well commonly used marine watertight
cable gland can be used without needing special preventive treatment for water leakage
or the liké, and thereby, an excellent effect can be achieved.

In addition, holding strength is given by using the pressure welding plate 21 after
the echo sounder transducer case is engaged and held into the hitch part 17 as well as

prevented from the echo sounder transducer case to be slipped out in the above

RAY-1002
136 of 737




embodiments; however, this should not be limited to this method, and for example the
through holes may be provided in the flange itself to lock the echo sounder transducer

case by utilizing these.

4. Brief Description of Drawings
FIG. 1 and FIG. 2 illustrate a cbnventional device;
FIG. 3 illustrates an embodiment of the present idea;
FIG. 4 is an explanatory drawing of installing process of an embodiment of the
present idea;
FIG. 5 is an essential part of an embodiment;
FIG. 6 is a cross-sectional view of the embodiment described above; and

FIG. 7 and FIG. 8 are cross-sectional views of another embodiment.

Numerical reference number 1 is an echo sounder transducer case, 3 and 4 are
ultrasonic transducers, 6 is the bottom of the steel ship, 7 is a flange, 8 is the bottom of a
wooden ship, 10 and 11 are penetrate filler pieces, 14 is the bottom of a FRP ship, 15 is
an echo sounder transducer case, 16 is a flange, 17 is a hitch part, 19 is a frame, 21 isa

pressure welding plate, and 22 is a convex part of the bottom of a ship.

Applicant of the JP Utility Model Registration: Furuno Electric Co., Ltd.
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SPECIFICATION

1. Name of Idea

Housing Case of Acoustic Equipment
2. Scope of Utility Model Registered Claims

A housing case of hydroacoustic equipment mounted outside a vessel, comprising water
conducting holes that connect inside and outside of a case body and which are mounted on the top and
bottom surfaces of a hollow case body in which the bottom surface is flat and the top surface is made
to have a streamlined expansion along the front to back direction of the vessel.

3. Detailed Description of the Idea

[Field of Industrial Application]

The present idea relates to a housing case of hydroacoustic equipment mounted outside a vessel.

[Related Art]

Devices are available in which hydroacoustic equipment such as an acoustic current meter, echo
sounding machine, fish finder, or the like, are provided in a vessel body such as an oceanographic
investigation vessel, fishing vessel, or the like, and those that mount the hydroacoustic equipment
outside the vessel are also available.

FIGS. 8 and 9 illustrate a mounting method of hydroacoustic equipment mounted outside a
vessel, and hydroacoustic equipment A is housed within a case B so as not to receive direct water
current pressure that accompanies the operation of the vessel 1. FIG. 8 illustrates the case B attached
and mounted to the bottom end of a support pipe 3 vertically lowered from a boom 2 that is extended
laterally of the vessel 1. FIG, 9 illustrates the case B attached and mounted to the outer surface of the
side of the vessel 1.

Conventionally, a box shape having flat top and bottom surfaces has been used as a housing case
of hydroacoustic equipment mounted outside a vessel, and the acoustic equipment is equipped on the
bottom panel within the case with the acoustic wave transmitter and receiver facing downward.

[Problems to be Solved by the Idea]

However, the housing case of the hydroacoustic equipment generates bubbles due to the
cavitation of the flow on the corner parts of the case when moving in the water in conjunction with the
operation of the vessel while being supported outside the vessel as described above, and these
bubbles surround the case as they travel to the rear of the case. Because these bubbles also pass by the
bottom surface of the case, there is the problem that the bubbles that pass by the bottom surface of the
case have a negative effect on the acoustic wave transmitting and receiving of the hydroacoustic
equipment. Further, when the vessel especially operates at a high speed thereby generating a stronger
cavitation, it becomes impossible for the hydroacoustic equipment to perform its proper function due
to the increased amount of bubbles.

[Means for Solving the Problem]
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The present idea is configured such that a housing case of hydroacoustic equipment is provided
with water conducting holes that connect inside and outside of a case body and which are mounted on
the top and bottom surfaces of a hollow case body in which the bottom surface is flat and the top
surface is made to have a streamlined expansion along the front to back direction of the vessel to
thereby remove bubbles that pass by the bottom surface of the case so that the proper function of the
hydroacoustic equipment can be sufficiently demonstrated.

[Operation]

In other words, the present invention provides an expansion in the flow line shape along the front
to back direction of the vessel on the top surface of the case body that makes the current speed of the
current flowing along the case top surface to be faster than the current flowing on the case bottom
surface, and by this, bubbles flow more easily on the top side of the case while also utilizing the
negative pressure made by the high flow rate area on the top side of the case to blow out water inside
the case to the case top surface side by passing such water through water conducting holes on the case
top surface thereby drawing the water that is flowing along the case bottom surface, together with the
bubbles, into the case body from the water conducting holes on the case bottom surface to remove
bubbles on the bottom surface side of the case.

[Embodiment of the Idea]

An embodiment of the present idea is given hereinafter with reference to FIGS. 1 to 5 of the
housing case of hydroacoustic equipment vertically lowered into water.

InFIGS. 1 to 4, reference numeral 10 is a hollow case body that houses hydroacoustic equipment.
This case body 10 is given a flat vessel shape having an expansion in the flow line shape on both
sides. The case body 10 is formed in a dual divided shape composed of a lower case 10a and an upper
case 10b made of fiber reinforced plastic (FRP) reinforced by glass fiber, and the lower case 10a and
the upper case 10b are assembled by connecting flanges 11a and 11b formed on the outer periphery
of the connecting area by screws 12 and 12,

The lower case 10a is made up of a bottom panel part together with perimeter wall parts that rise
substantially perpendicular from the periphery thereof on which the flange 11a is formed on the outer
periphery, and thus, the lower surface (bottom surface) of the lower case 10a becomes a flat surface.

The corner areas of the bottom surface and the perimeter wall surfaces are curved so as to reduce the
cavitation of the water flow generated in the corner areas. In addition, reinforcing walls 13 and 13 are
integrally formed on the bottom panel part of the lower case 10a in a crisscross around the mountings
of the hydroacoustic equipment arranged on the bottom panel part. Further, the upper case 10b
provides an expansion in the flow line shape along the front to back direction of the vessel, which is
to say the front to back direction of the case body, on the upper surface portion surrounded by the
flange 11b of the outer periphery thereof, and reinforcing ribs 14 and 14 are integrally formed in a
crisscross also on the inner surface of the upper case 10b. Additionally, a cylindrical support pipe
assembly metal fitting 15 bolted to the lower end of the support pipe 3 that perpendicularly supports
the case body 10 in the water is anchored by anchoring bolts 16 and 16 to the center of the top surface

3
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of the upper case 10b, and a cable through hole 17 for passing a cable through is provided on the part
opposite in the support pipe assembly metal fitting 15 of the upper case 10b.

Meanwhile, A is the hydroacoustic equipment (acoustic current meter, echo sounding machine,
fish finder, or the like) housed in the case body 10, and the hydroacoustic equipment A is water proof
with a water proof covering over the outside thereof. The hydroacoustic equipment A is normally
housed within a 2 set case body 10, and the hydroacoustic equipment A and A is installed on the
bottom panel part of the lower case 10a in an arrangement as illustrated in FIG. 4 with the acoustic

‘wave transmitting and receiving surface on the bottom side and is fixed to the bottom panel part of the
lower case 10a by press fittings not illustrated. Note that (a) and (a) are cables leading from the
hydracoustic equipment A and A, and these cables (a) and (a) lead out from the cable pass through
hole 17 on the top surface of the case body 10 to inside the support pipe assembly fitting 15 and pass
through the inside of the support pipe 3 and are connected to a measurement device or the like within
the vessel.

In addition, multiplicities of water conducting holes 18 and 18 that connect the inner part of the
case body 10 to the case body exterior are provided on the bottom surface of the bottom case 10a at
the front and back thereof so as to avoid the installation position of the hydroacoustic equipment A
and A as illustrated in FIG. 1 and FIG. 4, and multiplicities of water conducting holes 19 and 19 that
connect the inner part of the case body 10 to the case body exterior, as illustrated in FIG, 1 and FIG,
3, are also provided on the top surface of the upper case 10b that has an expansion in the flow line
shape. These water conducting holes 18 and 18 and 19 and 19 are provided to draw in water from the
bottom surface side of the case body 10 into the case body 10 and then expel the water inside the case
body 10 to the top surface side of the case body 10 such that the inside of the case body 10 is always
filled with water when the case body 10 is in a lowered state into the water.

The housing case of hydroacoustic equipment is attached to the bottom end of the support pipe 3
that is vertically lowered by being extended from a vessel body 1 as illustrated in FIG. 8, and
therefore, this case is lowered into the water so that the axis line in the front to back direction thereof
is parallel to the axis direction of the front to back direction of the vessel body 1.

However, because an expansion in the flow line shape along the back to front direction of the
vessel is provided on the top surface of the case body 10 in the housing case of the hydroacoustic
equipment, the current speed of the current flowing along the case top surface is faster than the
current flowing on the case bottom surface, and bubbles flow more easily on the top side of the case
while also utilizing the negative pressure made by the high flow rate area on the top side of the case
thereby drawing the water that is flowing along the case bottom surface, together with the bubbles,
into the case body 10 from the water conducting holes 18 and 18 on the case bottom surface and thus
bubbles on the bottom surface side of the case can be removed.

In other words, FIG. 5 illustrates the water flow around the case periphery when moving in
conjunction with the operation of the vessel, and because the case body 10 has an expansion in the
flow line shape while having a flat bottom surface, the water flow that is divided to the top and bottom

4
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of the case body 10 flows as illustrated by the broken line in the drawing, and thus, the flow velocity
V; of the water flow that flows along the top surface of the case is faster than the flow velocity V; of
the water flow that flows along the bottom surface of the case. Accordingly, even if bubbles are
generated by cavitation of the water flow at the front of the case body 10, the majority of those
bubbles will flow to the upper side of the case being drawn by the water flow having the faster
current, and thus, the amount of bubbles around the bottom surface of the case will be fewer, In
addition, when the flow velocity V1 of the water flowing along the top surface of the case is faster
than the flow velocity V2 of the water flow flowing along the bottom surface of the case, the water
pressure P1 of the top surface side of the case becomes negative pressure relative to the water
pressure P2 of the bottom surface side of the case, and therefore, the water filled in the case body 10
on account of the water pressure difference between the top and bottom surfaces of the case passes
through the water conducting holes 19 and 19 on the top surface of the case as illustrated by the arrow
in FIG. 1 and is expelled at the top surface side of the case, while the water that flows along the
bottom surface of the case is drawn into the case body 10 from the water conducting holes 18 and 18
of the bottom surface of the case, and accordingly, the bubbles that entered at the bottom surface side
of the case and traveled along the bottom surface of the case are drawn, along with the water, into the
case body 10, and thus bubbles on the bottom surface side of the case can be removed,

In other words, because the housing case of hydroacoustic equipment has a flat bottom surface
and provides water conducting holes 19 and 18 that connect the inside and outside of the case body
on the top and bottom surfaces of the hollow case body 10 that has an expansion in the flow line shape
along the back to front direction of the vessel on the top surface, bubbles passing by on the case
bottom surface can be removed and the proper function of the hydroacoustic equipment housed
within the case can be sufficiently demonstrated. Further, according to the housing case of
hydroacoustic equipment, because the water in the case body 10 is filled, a water temperature
measuring instrument and the like may also be housed within the case body 10 in addition to the
hydroacoustic equipment A and A, and measurement of the water temperature and the like can also
be performed.

Note that in the embodiment given above, a description was given of a housing case of
hydroacoustic equipment that is vertically dropped into the water such as that illustrated in FIG, 8,
however, the present idea may also be applied to a housing case of hydroacoustic equipment attached
to the vessel side such as that illustrated in FIG. 9. In other words, FIGS. 6 and 7 illustrate another
embodiment of the present idea, and this embodiment provides a boat body attaching metal fitting 20
that attaches to the side of the vessel 1 on the top surface of a hollow case body 10 that is provided
with a flat bottom surface and an expansion in the flow line shape along the front to back direction of
the vessel on the top surface, wherein, such other configurations are similar to the embodiment given
above. Note that in this embodiment protruding objects such as a flange are eliminated from the
peripheral side surface of the case body 10 by aligning the lowercase 10a and the upper case 10b that
configures the case body 10 by connecting with screws 21 and 21. By doing this, the water drawn
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and together with the bubbles from the bottom surface side of the case due to the water pressure
difference between the top and bottom surfaces of the case flows not only within the case body but
also across the outer wall surface of the case body to the top surface side of the case as illustrated by
the broken line arrow in FIG. 6, and thus can more favorably remove the bubbles on the bottom
surface of the case.

Note that with the embodiment given above, although the case body 10 is made from FRP, this
case body may be formed by metal plating, and the flat shape of the case body 10 does not need to be
shaped like a hull. ’

[Effect of the Idea]

The present idea provides an expansion in the flow line shape along the front to back direction of
the vessel on the top surface of the case body that makes the current speed of the current flowing
along the case top surface to be faster than the current flowing on the case bottom surface, and by this,
bubbles flow more easily on the top side of the case while also utilizing the negative pressure made
by the high flow rate area on the top surface side of the case to blow out water inside the case to the
case top surface side by passing such water through water conducting holes on the case top surface
thereby drawing the water that is flowing along the case bottom surface, together with the bubbles,
into the case body from the water conducting holes on the case bottom surface to remove bubbles on
the bottom surface side of the case; and therefore, bubbles of pass by the bottom surface of the case
can be removed, and the proper function of the hydroacoustic equipment housed in the case can be
sufficiently demonstrated.

4., Brief Description of Drawings

FIGS. 1 to 5 illustrate one embodiment of the present idea. FIG. 1 and FIG. 2 are a vertical
cross-sectional side view and a vertical cross-sectional front view of the housing case. FIG. 3 and
FIG. 4 are plan view and a bottom view of the housing case. FIG. 5 is a side view illustrating of water
flowing around the case periphery. FIG. 6 and FIG. 7 are a lateral view and a front view of the
housing case illustrating another embodiment of the present idea. FIG. 8 and FIG. 9 are drawings
illustrating the mounting method of the hydroacoustic equipment mounted to the outside of the
vessel.

10 case body

10a  lower case

10b  upper case

18, 19 water conducting holes
A hydroacoustic equipment
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FIG. ]

18 water conducting hole

19 water conducting hole

A hydroacoustic equipment
10 case body
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Espacenet
Bibliographic data: JP62190480 (A) — 1987-08-20

PROTECTING DEVICE FOR SONAR TRANSMITTER AND RECEIVER

Inventor(s): HYODO TAKAYOSHI; KAMEI AKIHIRO +

Applicant(s): i?g/iN TECH RES & DEV INST; YOKOHAMA RUBBER CO
- G01S7/52; GO1S7/521; (IPC1-

Classification: international: 7). G01S7/52
- European:

Application

number: | JP19860030682 19860217

Priority number(s):  JP19860030682 19860217

Also published as: JP5028792 (B) JP1822078 (C)

Abstract of JP62190480 (A)

PURPOSE:To improve prevention effect
against noises from the bottom of a ship by
fitting the columnar coupling material of a
protecting device to the ship bottom through
a rubber vibration insulator, mounting a
sound shield material on the ship bottom,
and covering the head part which contains
a sonar transmitter and receiver with a
rubber type elastic body.
CONSTITUTION: The protecting device 3
which contains the sonar transmitter and
receiver 17 is separated from and coupled
with the ship bottom 1 through the columnar
coupling material 13 which streamlined
section.; The device 3 is formed by joining
the head part which contains the transmitter
and receiver 17 with a tail part 12 made of 2
rigid body and the jacket of the head part is
covered with the rubber elastic body 11
embedded in a fiber reinforcing material
and isolated in a watertight state by a clamp
16 and a shield member 19. The upper end
part of the coupling material 13 is fitted to
the ship bottom 1 through the rubber
vibration insulator 21 and the sound shield material 22 is mounted on the ship bottom 1.
Air bubbles 24 are generated from an air discharge opening 23 to cover the ship bottom
1. Consequently, the prevention effect against noises from the ship bottom is improved
without increase forward projection area.
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Bibliographic data: JP63261181 (A) — 1988-10-27

SONAR DOME
Inventor(s): IWASE KOUJI £
Applicant(s): NEC CORP #*
Classification: international:
- European:
Application
number: JP19870094689 19870417

Priority number JP19870094689 19870417

(s):

Abstract of JP63261181 (A)

PURPOSE:To remove an unnecessary
sound wave effectively without using any
baffle plate whose machining is complicated
by providing a sound absorber at the rear
part so that a sound wave from the rear is
intercepted and setting the front surface
part of the sound absorber at an acute
angle to the fitting surface for a sonar
dome. CONSTITUTION:The sonar dome 12
is formed in a streamline lower-half shape
and the reflection of a sound at the upper
part of the dome is minimized by using a
sound absorber. A sound absorber 3 is
charged in the dome, the rear part slants
gently as shown by 3a, and the side of a
transmitter and receiver 2 is at an acute
angle theta to the surface of a skirt part 4.
Then when a ship body radiation noise 11
arrives from the rear, the sound absorber 3
absorbs the noise 11 and a noise reaching
the transmitter and receiver 2 is extremely
small. Further, a sound from the front
reaches the front surface of the sound
absorber 3 and the majority of it is

B63G8/39; G01S7/52; GO1S7/521;
(IPC1-7). GO1S7/52

oy W "5 "y
L,
D,

absorbed, but the remainder is reflected. The reflected component is reflected toward the
skirt part 4 because the front surface of the sound absorber 3 is at the acute angle to the
skirt part 4, and absorbed by the skirt part 4. A component reflected by the skirt part 4 is
extremely small and there is no influence upon the transmitter and receiver 2.
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LAYING METHOD OF UNDERWATER CABLE
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Application
number: JP19930193132 19930708
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Also published JP2977175 (B2)
as:

Abstract of JP7031042 (A)

PURPOSE:To avoid an obstacle positively
while monitoring the bottom face of water
by scanning the advancing direction of a
cable laying boat over the width thereof
using a side-scan sonar provided for the
cable laying boat. CONSTITUTION:A cable
laying boat 11 sails on a cable laying route
and feeds a underwater cable 12
continuously thus laying the cable on the
bottom face of water. In this regard, a side-
scan sonar 19 scans the advancing
direction (shown by an arrow) of the boat 11
while reciprocating in the breadthwise
direction of the boat 11 perpendicular to the
advancing direction of the boat 11.
Consequently, the forward position of the
boat 11 can be monitored over some range
in the breadthwise direction from the cable
laying position. This method can find and
avoid an obstacle located on the cable
laying route or in the vicinity thereof and
can lay the cable 12 in safety.
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(54) [Title] Method for Laying Underwater Cable

(57) Abstract

Objective

To avoid obstructions reliably and lay
underwater cable while monitoring the seafloor
surface.

Constitution

A side-scan sonar 19 that scans to the front of
and behind the direction of advance of a cable-
laying ship 11 is provided on the cable-laying
ship so as to be capable of moving in a
reciprocating manner in the width direction of
the ship. The cable-laying ship 11 buries an
underwater cable 12 by means of an underwater
cable burying machine 15 while monitoring the
seafloor surface 16 in front of the ship for a
range that is the width of the ship 11 by means
of the side-scan sonar 19, which scans to the
front of and behind the direction of advance of
the ship. If an obstruction exists on or in the
vicinity of the laying route, this obstruction can
be discovered and avoided with sufficient
leeway, and the cable-laying operation can be
performed safely. :
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Claims

Claim 1

A method for laying underwater cable characterized in that underwater cable on a cable-laying ship is
continuously laid on the sea floor [literally, ‘bottom of the water’] while a side-scan sonar, which moves
in a reciprocating manner in the lateral direction of the ship, perpendicularly with respect to the direction
of advance of the cable-laying ship, scans in front of and behind the direction of advance of the cable-
laying ship to monitor the surface of the sea floor.

Detailed Explanation of the Invention

[0001]

Industrial Application Field

This invention pertains to a method for laying underwater cable whereby underwater cable is reeled out
from a cable-laying ship that is traveling, and this cable is laid on and buried in the sea floor; in particular,
it pertains to a method for laying underwater cable that is executed while monitoring for the presence of
obstructions on the surface of the sea floor.

[0002]

Prior Art

During an underwater cable laying operation whereby an underwater cable (primarily a seafloor cable) is
reeled out from a cable-laying ship and is laid and buried simultaneously using a burying machine that is
towed by the cable-laying ship, when there is an obstruction on the surface of the sea floor, it becomes
impossible to lay and bury the underwater cable, or there is the risk of an accident, such as when the
burying machine strikes the obstruction and overturns; therefore, to avoid this situation it is necessary to
scan the surface of the sea floor on the underwater cable laying route to confirm whether obstructions
exist. Therefore, as shown in Figure 4, with the prior art a side-scan sonar 1 is towed along the laying
route by a tow 2 prior to the operation to lay the underwater cable, and as shown in Figure 5 a suitable
width B of the surface of the sea floor 3) is scanned to the left and right, at right angles with respect to the
cable-laying route, to check for the presence of obstructions. In addition, as described above the suitable
width B is scanned because the actual location where the cable is laid sometimes varies slightly from the
predetermined location, so the scanning must be performed with some amount of a margin (range) in the
left/right directions.

[0003]

Problem to be Solved by the Invention

As described above, with the conventional method the check for the presence of obstructions is not
performed simultaneously with the operation of laying the underwater cable; in other words, the check is
performed prior to the laying of the cable. Therefore, if there is any change on the surface of the sea floor
in the interval between the completion of the investigation of the seafloor surface and the start of the
laying work — for example, if anything that would become an obstruction to the burying machine on the
laying route is illegally dumped — the laying operation is performed without recognizing this situation,
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despite this dangerous change in the laying route due to this [literally, ‘inconvenience’], and therefore
there is a risk that an unforeseen accident may occur.

[0004]

The present invention has been devised in light of the aforementioned points, the objective being to
provide a novel method for laying underwater cable with which it is possible to lay and bury an
underwater cable safely by monitoring the seafloor surface and reliably avoiding obstructions when
laying and burying, by means of a burying machine, an underwater cable that is reeled out from a cable-
laying ship.

[0005]

Means to Solve the Problem

The method of the present invention, which solves the aforementioned problem, is characterized in that
underwater cable on a cable-laying ship is continuously laid on the sea floor while .a side-scan sonar,
which moves in a reciprocating manner in the lateral direction of the cable-laying ship perpendicularly
with respect to the direction of advance of the cable-laying ship, scans in front of and behind the direction
of advance of the cable-laying ship to monitor the surface of the sea floor.

[0006]

Operation

With the aforementioned configuration the cable-laying ship travels on the cable-laying route and
continuously reels out and lays on the sea floor the underwater cable that is stacked [on the ship]. In this
case, the side-scan sonar moves in a reciprocating manner in the lateral direction of the ship,
perpendicularly with respect to the direction of advance of the cable-laying ship, scanning in front of and
behind the direction of advance of the cable-laying ship; therefore, it is possible to monitor the area in
front of the cable-laying ship some distance to the left and right of the planned location for laying of the
cable. Accordingly, if an obstruction exists on or in the vicinity of the laying route, this obstruction can be
discovered and avoided with sufficient leeway, and the cable can be laid safely.

[0007]

Application Example

In the following, one application example of the present invention will be explained with reference to
Figure 1 and Figure 2, In Figure 1, code 11 is a cable-laying ship. This cable-laying ship 11 performs an
operation whereby, for example, an underwater cable 12 from a cable coil 12’ passes through a tower 13,
a brake 14, a stern sieve 15, and the like, and the underwater cable 12 is buried simultaneously with the
excavation of the seafloor surface 16 by a burying machine 15 towed with a wire rope. Typically a water-
jet burying machine or a ski-type burying machine is used for the burying machine 15. The burying
machine 15 shown in the figure is water-jet burying machine equipped with a nozzle 15a that sprays
water.

[0008]

The aforementioned configuration is the typical conventional configuration, but with the application
example of this invention a rail-type frame 17, which extends in the width direction of the ship (the
direction of arrow (a) in Figure 2) and is for attachment of the-side scan sonar, is installed at the bow of
the ship. A side-scan sonar 19, which scans in the direction perpendicular to the direction of movement
along the frame 17 (in other words, the width direction of the ship), is attached to the lower end of a
reverse-L-shaped support member 18 that moves in a reciprocating manner in the width direction of the
ship along this frame 17. Accordingly, as shown in Figure 1 this side-scan sonar 19 scans to the front of
and behind the direction of advance of cable-laying ship 11.

[0009]
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When the operation to lay the underwater cable is performed by cable-laying ship 11 and burying
machine 15, the underwater cable 12 is continuously reeled out from the cable coil 12’ and laid and
buried on the seafloor surface 16 as the cable-laying ship 11 travels along the laying route and the
seafloor surface is excavated by underwater cable burying machine 15. In this case, side-scan sonar 19
moves along frame 17 in a reciprocating manner in the width direction of the ship (the arrow (a)
direction), which is the direction perpendicular to the direction of advance of cable-laying ship 11.
Accordingly, side-scan sonar 19 scans thoroughly to the front of and behind the direction of advance of
cable-laying ship 11 as far as the width B’ of cable-laying ship 11. Thus, the area in front of the ship can
be monitored for a range having a margin that is the width B’ to the left and right from the predetermined
cable-laying (burying) location. Accordingly, if an obstruction exists on or in the vicinity of the laying
route, this obstruction can be discovered and avoided with sufficient leeway, and the cable-laying
operation can be performed safely.

[0010]

In addition, as in the application example the position where the side-scan sonar 19 is provided suitably is
the bow of the ship, but it is not necessarily restricted to the bow of the ship; it can be an intermediate
position, or the stern of the ship. Furthermore, with the application example the explanation involved the
burying of the underwater cable 12 using the underwater cable burying machine 15, but the present
invention also can be applied when the cable is merely laid without excavating the seafloor surface 16.
Furthermore, the cable-laying ship can be a self-propelled type or can be a towed type.

[0011]

. Effect of the Invention
By means of the present invention an underwater cable is laid on the sea floor while a side-scan sonar,
which is provided on the cable-laying ship so as to be capable of moving in a reciprocating manner in the
width direction of the ship, scans to the front of and behind the direction of advance of the cable-laying
ship and monitors the seafloor surface for a range that is almost the same as the width of the ship.
Therefore, it is possible to scan the area in front of the cable-laying ship over a range that is [almost] the
same as the width of the ship. Accordingly, if an obstruction exists on or in the vicinity of the laying route,
this obstruction can be discovered and avoided with sufficient leeway, and the cable-laying operation can
be performed appropriately and safely. This is particularly effective for underwater cable laying and
burying operations wherein an underwater cable is buried using an underwater cable burying machine.

Brief Description of the Figures

Figure 1 is a schematic explanatory diagram showing the laying of underwater cable by the method of one
application example of the present invention.

Figure 2 is a plan view of Figure 1.

Figure 3 is a front view of Figure 1.

Figure 4 is a diagram for the purpose of explaining the conventional method; it illustrates the state in
which the sea floor is being investigated by means of a side-scan sonar towed body prior to the laying of a
underwater cable.

Figure 5 is a front view of Figure 4.

Explanation of Codes

11 Cable-laying ship

12 Underwater cable

15 Underwater cable burying machine
16 Sea floor

17 Frame

18 Support member
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19 Side-scan sonar

Fig. 1
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Abstract of JP10186030 (A)

PROBLEM TO BE SOLVED: To detect the
fish school position by a vertical fish finder.
SOLUTION: Langevin oscillators 11A, 11B,
11C having the same characteristic of half
value total angle or 40 deg. are arranged at
an angle space of 120 deg. so that their
normal lines 12A, 12B, 12C are crossed at
an angle of 20 deg. in one pointon a
vertical line 13. Ultrasonic pulses are
emitted from the oscillators 11A, 11B, 11C,
each reflected wave is received by the
corresponding emitting oscillator, each
received level is detected, and the this
school position is determined by the relative
ratio of the three received levels from the
same fish school.
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as:

Abstract of JP2001074840 (A)

PROBLEM TO BE SOLVED: To instail a
fish-finder at a place suitable for fish finding
so that the space in the boat can widely be
used, when installed in a small boat or the
like. SOLUTION: The attachment has its
main body 2 fixed to a fitting seat (g)
provided to the float part Bf of an inflatable
boat B, and a sensor 4 is fitted at the tip
end of an arm 3 extending into water from
the main body 2, and a monitor part 7 is
fitted to the upper part of the main body 2,
so that a signal detected by the sensor 4 is
displayed on the screen of the monitor part
7. Further, the arm 3 is made freely
rotatable on the axis of an arm support
shaft 13, and an intermediate part of the
arm 3 is made foldable. ‘
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PROBLEM TO BE SOLVED: To find fish

swimming in an area near to a water

surface. ; SOLUTION: This finder is

provided with a clump 7 attached to a ship,

a support rod 9 attached to the clump 7 to

position an end part 23 under the surface 5

of the water, an ultrasonic oscillator 13

supported adjustably in oscillation to the 1

end part 23 of the support rod 9, and for H'
making an emission and reception direction 3 14,
of an ultrasonic wave change-regulatableto ... .- L "t
a water depth direction and a direction P i,
crossed therewith, and an operation means ¥ ™) ".} s )
15 for change-regulating the emission and ..t T &
reception direction of the ultrasonic R0y e -

-

oscillator 13. A turning means 11 for RS
supporting rotatably an intermediate part of

the support rod 9 is provided between the

clump 7 and the support rod 9, an the

turning means 11 rotation-moves the

support rod 9 to be switched between a

using condition where the ultrasonic

oscillator 13 is positioned in the underwater

and a storing condition where it is

positioned on the water surface. ; COPYRIGHT: (C)2004,JPO
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