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Attached

243. | Lowrance HS-3DWN Transducer Assembly and Housing (Eagle I1ID); August 1994

244. | Lowrance LCX-18C & LCX-19C Fish-finding Sonar & Mapping GPS; Operation Instructions;
©2002; 200 pages

245, | Lowrance Transducers Product Information; 1 page

246. | Navico Design Report of Raytheon Electronics Side Looker Transducer; 3/12/2010;
18 pages

247. | NOAA: Nautical Charting general information from public records; [Online]; Retrieved on
9/10/2010 from the Internet < URL:
http://www.nauticalcharts.noaa.gov/csdl/learn_hydroequip.html; 2 pages;
http://www.nauticalcharts.noaa.gov/csdl/learn_hydroequip.html; 1 page;
http://www.nauticalcharts noaa.gov/csd/PDBS html; 2 pages;
http://www.nauticalcharts.noaa.gov/hsd/pub.html; 1 page;
http://www.nauticalcharts.noaa.gov/hsd/fpm/fpm.him; 1 page;
http.//www.ozcoasts.gov.au/geom_geol/toolkit/Tech_CA_sss jsp; 12 pages

248. | ONR Grant N66604-05-1-2983; Final Report; “Cooperative Autonomous Mobile Robots™;
Retrieved from the Internet <URL: http://dodreports.com/pdf/ada463215.pdf; Post 2006

249. | Odom Echoscan™: For Sea Floor or Riverbed Surveys; Odom Hydrographic Systems;
04/26/2002

250. | Odom Hydrographic Systems ECHOSCAN Manual; Revision 1.11; 04/26/2002

251. | “Product Survey Side-Scan Sonar”; Hydro International Magazine; Volume 36; April 2004;
pp. 36-39

252. | R/V QUICKSILVER; Hydrographic Survey Launch Bareboat or Crewed; F/V Norwind, Inc.

253. | R’V TANGAROA; Fact Sheet; Explore lost worlds of the deep; Norfanz Voyage; May 10to

June 8, 2003
254. | SeaBat 8101 Product Specification; 240kHz Multibeam Echo Sounder; ©1999 RESON Inc.;
Version 4.0
Examiner iJames Hulks/ Date PR
Signature ' uika/ Considered 1212/2011

*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: NOVEMBER 15, 2011 RAY-1002
351 of 737

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /JH./



Receipt date: 11/15/2011 12460139 - GALL 3652

Substitute for form 1449/PTO Complete if Known
(Revised 07/2007) Application Number 12/460,139

RMA Filing Dat July 14 9
INFO TION DISCLOSURE F;rlsI:%\Im?l:d Inventor I;n};n T, 2l\(/)I(a)lguire
STATEMENT BY APPLICANT [t 660

(Use as many sheets as necessary) Examiner Name HULKA, James R
Sheet | 16 | of | 16 | Attorney Docket Number 038495/369324

OTHER DOCUMENTS
Include 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

255. | SIMRAD EA 500; Hydrographic Echo Sounder; Product Specifications; Revision: September
1993

256. | SonarBeam Underwater Surveying System Using T-150P tow-fish hull mounted; [Online];
[Retrieved on 2/12/2010 from the Internet <URL:

http://dsmeu.en.ec2 1.com/Remotely _Operated_Sonar_Boat_System--618904_24799035.html; 4
pages; http://www.remtechnology.en.ec21.com/Side_Scan_Sonar Remotely Operated--
2902034.html; 4 pages; [Retrieved on 2/16/2010 from the Internet <URL:
http://dsmeu.en.ec2.com/Remotely Operated Sonar_Boat_System--618904_2479905.html; 4
pages; http://www.remtechnology.en.ec21.com/Side_Scan_Sonar_Remotely Operated--
2902230.html; 7 pages

257. | Starfish 450H; Sidescan System; Tritech International Limited; UK

258. | T297-00-01-01 Transducer housing outline drawing; Neptune Sonar Lfd.; ©2002

259. | TECHSONIC INDUSTRIES, INC.; “Mask, Acoustic”; Schematic, May 24, 1996

260. | TECHSONIC INDUSTRIES, INC.; “Element, 455 kHz”; Schematic, June 13, 1996

261. | “Transducers Quad Beam,” Prior to August 2, 2003

262. | U-Tech Company Newsletter

263. | USACE, “Chapter 11, Acoustic Multibeam Survey Systems for Deep-Draft Navigation
Projects,” April 1, 2004

264. | Ultra 111 3D Installation and Operation Instructions; EAGLE™; ©1994

265. | Westinghouse Publication; “Side-Scan Sonar Swiftly Surveys Subsurface Shellfish”; May 1970;
4 pages

266. | Sonar Theory and Applications; Excerpt from Imagenex Model 855 Color Imaging Sonar User’s
Manual; Imagenex Technology Corp.; Canada; 8 pages
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Signature fJames Hulka/ Considered 1272011
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20050099887-$.DID. OR US- USOCR;
20060002232-$.DID. OR US- FPRS;
20070025183-$.DID. OR US- EPO; JPO;
20070091723-$.DID. OR US-1316138- {DERWENT;
$.DID. OR JP-57046173-$.DID. OR JP- {IBM_TDB
61116678-$.DID. OR JP-4357487-
$.DID. OR WO-9815846-$.DID.
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S4 {7212 §'19920922".pd. US-PGPUB; {{OR OFF  {2011/12/06
USPAT; 10:57
USOCR;
FPRS;
EPC; JPO;
DERWENT;
|BM_TDB
S5 19713024 {{(US-5,850,372 US-5,930,199 US- US-PGPUB;{{OR OFF  {2011/12/08
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US-6,215,730 US-6,335,905 US- USOCR;
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US-6,606,958 US-6,678,403 US- EPO; JPO;
6,738,311 US-6,842,401 US-6,941,226 {DERWENT;
US-6,980,688 US-7,236,427 US- |BM_TDB
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"6980688" "7236427" "7355924" DERWENT;
"7405999" "7542376" "7652952" |BM_TDB
"7710825" "7729203" "7755974"
'20030202426").pn.
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"4199746" "4200922" "4204281" EPO; JPC;
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7355924-$% or US-7236427-$% or US-
6980688-$ or US-6941226-$ or US-
6842401-$% or US-6738311-$ or US-
6678403-$% or US-6606958-$ or US-
6537224-$% or US-6449215-$ or US-
6421299-$% or US-6335905-% or US-
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6084827-$ or US-5991239-$ or US-
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(US-5200931-% or US-5214744-% or
US-5241314-$ or US-5243567-$ or US-
5245587-$% or US-5257241-$% or US-
5260912-$ or US-5303208-$ or US-
5376933-$ or US-5390152-$ or US-
5412618-$ or US-5438552-$ or US-
5442358-$% or US-5455806-$ or US-
5493619-$ or US-5515337-$% or US-
5537366-$ or US-5546356-$ or US-
5561641-$ or US-5574700-$% or US-
5596549-$% or US-5602801-$% or US-
5612928-$% or US-5694372-$ or US-
5805528-$% or US-5184330-$ or US-
5182732-%).did. or (US-5142502-$ or
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4063212-$ or US-4052693-% or US-
4047148-$% or US-4030096-$ or US
3967234-$ or US-3964424-$% or US-
3953828-$ or US-3950723-$ or US-
3949348-$% or US-3898608-% or US-
3895340-$ or US-3895339-% or US-
3757287-%).did. or (US-3742436-$ or
US-3716824-$ or US-3624596-$ or US-
3618006-$ or US-3585579-$ or US-
3585578-$ or US-3553638-% or US-
3484737-$ or US-3458854-$% or US-
3451038-$ or US-3381264-$ or US-
3359537-$ or US-3296579-$ or US-
3144631-$ or US-3142032-% or US-
3090030-$ or US-3005973-$% or US-
2416338-$ or US-1823329-$).did. or
(JP-61116678-$ or JP-57046173-%).did.
or (WO-9815846-$).did.
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EPO; JPC;
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7355924-$% or US-7236427-$% or US-
6980688-$ or US-6941226-$ or US-
6842401-$% or US-6738311-$ or US-
6678403-$ or US-6606958-% or US-
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6084827-$ or US-5991239-$ or US-
5930199-$% or US-5850372-%).did. or
(US-5200931-% or US-5214744-% or
US-5241314-$ or US-5243567-$ or US-
5245587-$% or US-5257241-$% or US-
5260912-$ or US-5303208-$ or US-
5376933-$ or US-5390152-$ or US-
5412618-$ or US-5438552-$ or US-
5442358-$% or US-5455806-$ or US-
5493619-$ or US-5515337-$% or US-
5537366-$ or US-5546356-$ or US-
5561641-$ or US-5574700-$% or US-
5596549-$% or US-5602801-$% or US-
5612928-$% or US-5694372-$ or US-
5805528-$% or US-5184330-$ or US-
5182732-%).did. or (US-5142502-$ or
US-5113377-$ or US-5109364-$ or US-
5033029-$% or US-4982924-% or US-
4975887-$ or US-4970700-$ or US-
4958330-$ or US-4939700-$% or US
4924448-$% or US-4912685-$ or US-
4907208-$% or US-4879697-$ or US-
4855961-$ or US-4815045-$ or US-
4802148-% or US-4796238-$% or US-
4774837-% or US-4751645-% or US-
4642801-$ or US-4641290-$% or US-
4635240-$% or US-5155706-$ or US-
4538249-$ or US-4493064-$ or US-
4456210-$ or US-4422166-$).did. or
(US-4287578-% or US-4262344-$ or
US-4247923-$% or US-4232380-$ or US-
4216537-$ or US-4207620-$ or US-
4204281-$ or US-4200922-$% or US-
4199746-$ or US-4198702-% or US-
4197591-$ or US-4184210-$ or US
4075599-$ or US-4068209-$ or US-
4063212-$ or US-4052693-% or US-
4047148-$% or US-4030096-$ or US
3967234-$ or US-3964424-$% or US-
3953828-$ or US-3950723-$ or US-
3949348-$% or US-3898608-% or US-
3895340-$ or US-3895339-% or US-
3757287-%).did. or (US-3742436-$ or
US-3716824-$ or US-3624596-$ or US-
3618006-$ or US-3585579-$ or US-
3585578-$ or US-3553638-% or US-
3484737-$ or US-3458854-$% or US-
3451038-$ or US-3381264-$ or US-
3359537-$ or US-3296579-$ or US-
3144631-$ or US-3142032-% or US-
3090030-$ or US-3005973-$% or US-
2416338-$ or US-1823329-$).did. or
(JP-61116678-$ or JP-57046173-%).did.
or (WO-9815846-$).did.

523

3993773

S22 and image$2 or display$2

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

OFF

2011/12/086
17:50

24

103

S22 and (image$2 or display$2)

US-PGPUB;
USPAT;
USOCR;

OR

OFF

2011/12/06
17:51
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or US-20030202426-%).did. or (US-
D329616-% or US-D329615-$ or US-
7755974-% or US-7729203-% or US-
7710825-$ or US-7652952-$% or US-
7542376-% or US-7405999-% or US-
7355924-$% or US-7236427-$ or US-
6980688-$ or US-6941226-$ or US-
6842401-$ or US-6738311-$ or US
6678403-$ or US-6606958-% or US-
6537224-% or US-6449215-$% or US-
6421299-$ or US-6335905-% or US-
6215730-$ or US-6002644-$ or US-
6084827-$ or US-5991239-$ or US
5930199-$ or US-5850372-%).did. or
(US-5200931-$% or US-5214744-$% or
US-5241314-$ or US-5243567-$ or US-
5245587-$ or US-5257241-$% or US-
5260912-$ or US-5303208-$% or US-
5376933-$ or US-5390152-$ or US-
5412618-$ or US-5438552-% or US-
5442358-$ or US-5455806-$ or US-
5493619-$ or US-5515337-$ or US-
5537366-$ or US-5546356-$ or US-
5561641-$ or US-5574700-$ or US-
5596549-$ or US-5602801-$ or US-
5612928-$ or US-5694372-$ or US-
5805528-$ or US-5184330-$ or US
5182732-$).did. or (US-5142502-$ or
US-5113377-% or US-5109364-$ or US-
5033029-$ or US-4982924-$% or US-
4975887-$ or US-4970700-$ or US-
4958330-$ or US-4939700-$ or US-
4924448-$ or US-4912685-$ or US-
4907208-$ or US-4879697-$ or US-
4855961-$ or US-4815045-$ or US-
4802148-% or US-4796238-$% or US-
4774837-% or US-4751645-$ or US-
4642801-$ or US-4641290-$ or US-
4635240-$ or US-5155706-$ or US-
4538249-$ or US-4493064-$ or US-
4456210-$ or US-4422166-$).did. or

FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
S25 {29 S22 and ((image$2 or display$2) same {US-PGPUB;OR OFF 2011/12/06
combin$4) USPAT; 17:51
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
S26 i1 (12/319604) .APP. US-PGPUB; {OR OFF 2011/12/06
USCCR 17:52
S27 (12/319604) .APP. US-PGPUB; iOR OFF 2011/12/06
USCCR 17:53
S28 i1 (11/195107) .APP. US-PGPUB; iOR OFF 2011/12/06
USCCR 17:53
S30 136 (US-20070025183-$% or US- US-PGPUB; iOR OFF 2011/12/06
20070091723-$ or US-20060002232-$ {USPAT; 19:04
or US-20050099887-% or US- JPO;
20050043619-% or US-20040184351-$ {DERWENT
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(US-4287578-% or US-4262344-$ or
US-4247923-$% or US-4232380-$ or US-
4216537-$ or US-4207620-$ or US-
4204281-$ or US-4200922-$% or US-
4199746-$ or US-4198702-% or US-
4197591-$ or US-4184210-$ or US
4075599-$ or US-4068209-$ or US-
4063212-$ or US-4052693-% or US-
4047148-$% or US-4030096-$ or US
3967234-$ or US-3964424-$% or US-
3953828-$ or US-3950723-$ or US-
3949348-$% or US-3898608-% or US-
3895340-$ or US-3895339-% or US-
3757287-%).did. or (US-3742436-$ or
US-3716824-$ or US-3624596-$ or US-
3618006-$ or US-3585579-$ or US-
3585578-$ or US-3553638-% or US-
3484737-$ or US-3458854-$% or US-
3451038-$ or US-3381264-$ or US-
3359537-$ or US-3296579-$ or US-
3144631-$ or US-3142032-% or US-
3090030-$ or US-3005973-$% or US-
2416338-$ or US-1823329-$).did. or

(JP-61116678-$ or JP-57046173-3).did.

or (WO-9815846-$).did.

or US-20030202426-$ or US-
20060023570-%).did. or (US-D329616-
$ or US-D329615-$ or US-7755974-%
or US-7729203-$% or US-7710825-% or
US-7652952-$ or US-7542376-$ or US-
7405999-% or US-7355924-% or US-
7236427-$% or US-6980688-$% or US-
6941226-$% or US-6842401-$% or US-
6738311-$ or US-6678403-$ or US-
6606958-$ or US-6537224-$% or US-
6449215-$% or US-6421299-$ or US-
6335905-$% or US-6215730-$ or US-
6002644-$ or US-6084827-$% or US-
5991239-$% or US-5930199-% or US-
5850372-%).did. or (US-5200931-$ or
US-5214744-$% or US-5241314-$ or US-
5243567-$% or US-5245587-$% or US-
5257241-% or US-5260912-$% or US-
5303208-$% or US-5376933-$ or US-
5390152-$% or US-5412618-$% or US-
5438552-$ or US-5442358-$% or US-
5455806-$ or US-5493619-$ or US-
5515337-$% or US-5537366-$% or US-
5546356-$ or US-5561641-$ or US-
5574700-$% or US-5596549-$% or US-
5602801-$ or US-5612928-$% or US-
5694372-$ or US-5805528-$% or US-
5184330-$% or US-5182732-%).did. or

S31 37 S30 and ((image$2 or display$2) same {US-PGPUB;{OR OFF 2011/12/06
(combin$4 or overlap$4)) USPAT; 19:04
USOCR,;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
S32 §137 (US-20070025183-% or US- US-PGPUB; iOR OFF 2011/12/06
20070091723-$ or US-20060002232-$ {USPAT; 19:04
or US-20050099887-% or US- JPO;
20050043619-$ or US-20040184351-% §DERWENT
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(US-5142502-$ or US-5113377-% or
US-5109364-$ or US-5033029-$% or US-
4982924-$% or US-4975887-$ or US-
4970700-$ or US-4958330-$% or US-
4939700-% or US-4924448-% or US-
4912685-$ or US-4907208-$% or US-
4879697-$ or US-4855961-$ or US-
4815045-$ or US-4802148-$% or US
4796238-% or US-4774837-% or US-
4751645-$ or US-4642801-$% or US-
4841290-% or US-4635240-% or US-
5155706-$ or US-4538249-$% or US-
4493064-$ or US-4456210-$ or US-
4422166-$).did. or (US-4287578-$ or
US-4262344-$ or US-4247923-$% or US-
4232380-% or US-4216537-$% or US-
4207620-% or US-4204281-$% or US-
4200922-% or US-4199746-% or US-
4198702-% or US-4197591-% or US-
4184210-$ or US-4075599-$ or US-
4068209-$ or US-4063212-$ or US-
4052693-$ or US-4047148-% or US-
4030096-$ or US-3967234-$% or US
3964424-$% or US-3953828-$ or US-
3950723-$ or US-3949348-$% or US-
3898608-$ or US-3895340-$% or US-
3895339-$ or US-3757287-%).did. or
(US-3742436-% or US-3716824-% or
US-3624596-$ or US-3618006-$ or US-
3585579-$ or US-3585578-$ or US-
3553638-$ or US-3484737-$ or US-
3458854-$ or US-3451038-$ or US-
3381264-$ or US-3359537-$ or US-
3296579-$ or US-3144631-$ or US-
3142032-$ or US-3090030-% or US-
3005973-$ or US-2416338-$ or US-
1823329-%).did. or (JP-61116678-$ or
JP-57046173-%).did. or (WO-9815846-
$).did.

S33 {137 S32 and ((image$2 or display$2) same {US-PGPUB;i{OR OFF 2011/12/06
(combin$4 or overlap$4)) USPAT; 19:05
USOCR,;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
S35 49 (US-20070025183-$ or US- US-PGPUB; HOR OFF 2011/12/07
20050099887-$ or US-20060023570- {USPAT 14:44
$).did. or (US-7755974-% or US-
7729203-$% or US-7710825-$ or US-
7652952-% or US-5991239-$ or US-
5805528-%).did.
S36 {7 S35 and computer$2 US-PGPUB; HOR OFF 2011/12/07
USPAT; 14:44
USOCR,;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
837 10 S35 and computer$2 same medi$2 US-PGPUB; OR OFF 2011/12/07
USPAT; 14:44
USOCR,;
FPRS;
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EPO; JPC;
DERWENT;
[BM_TDB

S38

S35 and computer$2 same (medi$2 or
software or program$2 or memory$2)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

OFF

2011/12/07
14:45

S39

137

(US-20070025183-$% or US-
20070091723-$ or US-20060002232-%
or US-20050099887-$% or US-
20050043619-$ or US-20040184351-$
or US-20030202426-$ or US-
20060023570-%).did. or (US-D329616-
$ or US-D329615-$ or US-7755974-%
or US-7729203-% or US-7710825-% or
US-7652952-$ or US-7542376-$ or US-
7405999-$% or US-7355924-% or US-
7236427-$ or US-6980688-$ or US-
6941226-$ or US-6842401-$% or US-
6738311-$ or US-6678403-$ or US-
6606958-$ or US-6537224-$% or US-
6449215-$ or US-6421299-% or US-
6335905-$ or US-6215730-$ or US-
6002644-$ or US-6084827-$ or US-
5991239-$ or US-5930199-$ or US
5850372-%).did. or (US-5200931-$ or
US-5214744-% or US-5241314-% or US-
5243567-$ or US-5245587-$ or US-
5257241-% or US-5260912-$% or US-
5303208-$% or US-5376933-$% or US-
5390152-$ or US-5412618-$ or US-
5438552-$ or US-5442358-$% or US-
5455806-$ or US-5493619-$ or US-
5515337-$ or US-5537366-$ or US-
5546356-$ or US-5561641-$ or US-
5574700-$% or US-5596549-$ or US-
5602801-$ or US-5612928-$% or US-
5694372-$ or US-5805528-$% or US-
5184330-$ or US-5182732-%).did. or
(US-5142502-$% or US-5113377-% or
US-5109364-% or US-5033029-$ or US-
4082924-% or US-4975887-$% or US-
4970700-$ or US-4958330-$ or US-
4939700-% or US-4924448-$% or US-
4912685-$ or US-4907208-$ or US-
4879697-$ or US-4855961-$ or US-
4815045-$ or US-4802148-$ or US-
4796238-% or US-4774837-$% or US-
4751645-% or US-4642801-$% or US-
4641290-% or US-4635240-$% or US-
5155706-$ or US-4538249-$% or US-
4493064-$ or US-4456210-$ or US-
4422166-%).did. or (US-4287578-$ or
US-4262344-% or US-4247923-% or US-
4232380-% or US-4216537-$ or US-
4207620-% or US-4204281-$% or US-
4200922-% or US-4199746-$ or US-
4198702-% or US-4197591-$% or US-
4184210-$ or US-4075599-% or US-
4068209-$ or US-4063212-$ or US-
4052693-% or US-4047148-$% or US-

US-PGPUB;
USPAT;
JPO;
DERWENT

OR

OFF

2011/12/07
14:59
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4030096-$ or US-3967234-$% or US-
3964424-3$ or US-3953828-$% or US-
3950723-$ or US-3949348-$ or US-
3898608-$ or US-3895340-$ or US-
3895339-$ or US-3757287-%).did. or
(US-3742436-% or US-3716824-% or
US-3624596-$ or US-3618006-$ or US-
3585579-$ or US-3585578-$ or US-
3553638-$ or US-3484737-$% or US-
3458854-$ or US-3451038-$ or US-
3381264-$ or US-3359537-$ or US-
3296579-$ or US-3144631-$ or US-
3142032-$ or US-3090030-$ or US-
3005973-$ or US-2416338-$ or US-
1823329-%).did. or (JP-61116678-$ or
JP-57046173-%).did. or (WO-9815846-
$).did.
$40 0 S39 and (weight$3 near5 factor$4) US-PGPUB;OR OFF 2011/12/07
USPAT; 14:59
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
4140 S39 and (weight$3 same factor$4) US-PGPUB; {OR OFF 2011/12/07
USPAT; 14:59
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
A2 #12 S39 and (weight$3 and factor$4) US-PGPUB; OR OFF 2011/12/07
USPAT; 14:59
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
A3 1§12 S39 and (weight$3 same data) US-PGPUB;iOR OFF 2011/12/07
USPAT; 15:00
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
44 14 S39 and (weight$3 same data same US-PGPUB;OR OFF 2011/12/07
(circular$2 or conical$2 or bottom)) USPAT,; 15:03
USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
A5 §32 (sort$4 neard data nearb column$4) US-PGPUB; HOR OFF 2011/12/07
and ((display$4 or render$4) nearb USPAT,; 18:25
data same select$4 same averag$4) USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
46 7 (sort$4 neard data nearb column$4) US-PGPUB; OR OFF 2011/12/07
and ((display$4 or render$4) nearb USPAT,; 18:26
data same sonar) USOCR;
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or US-20030202426-$ or US-
20060023570-% or US-20020071029-$
or US-20050216487-%).did. or (US-
D329616-$ or US-D329615-$ or US-
7755974-% or US-7729203-% or US-
7710825-$% or US-7652952-$ or US-
7542376-$% or US-7405999-$ or US-
7355924-$% or US-7236427-$% or US-
6980688-$ or US-6941226-$ or US-
6842401-$% or US-6738311-$ or US-
6678403-$% or US-6606958-$ or US-
6537224-$% or US-6449215-$ or US-
6421299-$% or US-6335905-% or US-
6215730-$ or US-6002644-$ or US-
6084827-$ or US-5991239-$ or US-
5930199-$% or US-5850372-%).did. or
(US-5200931-% or US-5214744-% or
US-5241314-$ or US-5243567-$ or US-
5245587-$% or US-5257241-$% or US-
5260912-$ or US-5303208-$ or US-
5376933-$ or US-5390152-$ or US-
5412618-$ or US-5438552-$ or US-
5442358-$% or US-5455806-$ or US-
5493619-$ or US-5515337-$% or US-
5537366-$ or US-5546356-$ or US-
5561641-$ or US-5574700-$% or US-
5596549-$% or US-5602801-$% or US-
5612928-$% or US-5694372-$ or US-
5805528-$% or US-5184330-$ or US-
5182732-%).did. or (US-5142502-$ or
US-5113377-$ or US-5109364-$ or US-
5033029-$% or US-4982924-% or US-
4975887-$ or US-4970700-$ or US-
4958330-$ or US-4939700-$% or US
4924448-$% or US-4912685-$ or US-
4907208-$% or US-4879697-$ or US-
4855961-$ or US-4815045-$ or US-
4802148-% or US-4796238-$% or US-
4774837-% or US-4751645-$ or US-
4642801-$ or US-4641290-$% or US-
4635240-$% or US-5155706-$ or US-

FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
$A7 255 (sort$4 near4 data nearb column$4) US-PGPUB; OR OFF 2011/12/07
and ((display$4 or render$4) near5 USPAT,; 18:27
select$3 nearb data) USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
48 {27 (sort$4 neard data nearb column$4) US-PGPUB; OR OFF 2011/12/07
and ((display$4 or render$4) nearb USPAT,; 18:28
select$3 near5 image$3) USOCR;
FPRS;
EPO; JPG;
DERWENT;
IBM_TDB
$49 {139 (US-20070025183-% or US- US-PGPUB; §OR OFF 2011/12/07
20070091723-$ or US-20060002232-$ {USPAT; 18:32
or US-20050099887-% or US- JPO;
20050043619-$ or US-20040184351-$ DERWENT
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4538249-$ or US-4493064-$ or US-
4456210-$ or US-4422166-$).did. or
(US-4287578-% or US-4262344-$ or
US-4247923-$% or US-4232380-$ or US-
4216537-$ or US-4207620-$ or US-
4204281-$ or US-4200922-$% or US-
4199746-$ or US-4198702-% or US-
4197591-$ or US-4184210-$ or US
4075599-$ or US-4068209-$ or US-
4063212-$ or US-4052693-% or US-
4047148-$% or US-4030096-$ or US
3967234-$ or US-3964424-$% or US-
3953828-$ or US-3950723-$ or US-
3949348-$% or US-3898608-% or US-
3895340-$ or US-3895339-% or US-
3757287-%).did. or (US-3742436-$ or
US-3716824-$ or US-3624596-$ or US-
3618006-$ or US-3585579-$ or US-
3585578-$ or US-3553638-% or US-
3484737-$ or US-3458854-$% or US-
3451038-$ or US-3381264-$ or US-
3359537-$ or US-3296579-$ or US-
3144631-$ or US-3142032-% or US-
3090030-$ or US-3005973-$% or US-
2416338-$ or US-1823329-$).did. or
(JP-61116678-$ or JP-57046173-%).did.
or (WO-9815846-$).did.

S50

22

$49 and sonar and data and column$2
and display$4

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

OFF

2011/12/07
18:32

S51

49 and sonar and data near4
column$2 and display$4

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

OFF

2011/12/07
18:33

Sh52

(form$3 same first same second same
data near5 column$3 near6 (sonar or
acoustic$4))

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

OFF

2011/12/07
18:40

S54

(form$3 nearb data near5 column$3
nearB (sonar or acoustic$4))

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

OFF

2011/12/07
18:41

S55

((form$3 or creat$4) nearb data nearb
column$3 same (sonar or acoustic$4))

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;

IBM_TDB

OR

OFF

2011/12/07
18:42

]
t
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S56

column$4 near4 sonar near4 data same
transducer$2

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

OFF

2011/12/07
18:44

S57

column$4 near4 sonar same data same
transducer$2

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

OFF

2011/12/07
18:44

S58

23

column$4 same sonar same data same
transducer$2

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

OFF

2011/12/07
18:45

S59

sonar near4 data same separat$4
near4 (column$2 or table$2 or file$2)

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

OFF

2011/12/07
18:46

S60

333

data near4 column$3 and sonar

US-PGPUB;
USPAT;
USOCR,;
FPRS;

EPO; JPC;
DERWENT;
[BM_TDB

OR

OFF
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AMENDMENT
Sir:
This is responsive to the Office Action dated September 22, 2011. Please amend the
above-identified application as follows:

Amendments to the Specification are set forth on page 2 of this paper.

Amendments to the Claims are reflected in the listing of claims beginning on page 4 of this
paper.

Remarks begin on page 16 of this paper.
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Reply to Office Action dated 09/22/2011

Amendments to the Specification

At page 11, please amend paragraph 0056 as follows:

[0056] 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.
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Patent Application Serial No. ————12/460.093, entitled “Linear and Circular Downscan

Imaging Sonar” filed on even date herewith, the disclosure of which is incorporated herein by

reference in its entirety.
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Amendments to the Claims:

1-56. (Canceled)

57. (Currently Amended) A transducer-array assembly comprising:

a housing mountable to a watercraft capable of traversing a surface of a body of water;
and

a linear transducer element positioned within the housing, the linear transducer element
having a substantially rectangular shape configured to produce a_fan-shaped sbnar beam having a
relatively narrow beamwidth in a direction parallel to_a longitudinal length of the linear
transducer element-thatis-significantlyless-than and a relatively wide beamwidth-efthe-senar

beam in a direction perpendicular to the longitudinal length of the transducer element, the linear

transducer element being positioned with the longitudinal length thereof extending in a fore-to-

aft direction of the housing:

wherein the linear transducer element is positioned within the housing to project sonar

pulses in a direction substantially perpendicular to a plane corresponding to the surface of the

body of water.

58. (Currently Amended) The transducer-array assembly of claim 57, wherein the linear
transducer element is configured to operate at a selected one of at least two selectable operating

frequencies.

59. (Currently Amended) The transducer-array assembly of claim 57, wherein the
selectable operating frequencies include about 455 kHz and 800 kHz.

60. (Currently Amended) The transducer-asray assembly of claim 57, wherein the
beamwidth of the linear transducer element is about 0.8 degrees by about 32 degrees or about 1.4

degrees by about 56 degrees.
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61. (Currently Amended) The transducer-asray assembly of claim 57, wherein the

transducer-array assembly is configured to communicate with a single transceiver.

62. (Currently Amended) The transducer-array assembly of claim 57, wherein a length of
a rectangular face of the linear transducer element is about 120 mm and a width of the

rectangular face of the linear transducer element is about 3 mm.

63. (Currently Amended) The transducer array of claim 57, wherein the housing is

mountable to-a-vessel-to-generate-senar-pulses-defining-a the watercraft such that the fan-shaped
beam extending extends from one side of the-vessel watercraft to an opposite side of the-vessel

watercraft.

64. (Currently Amended) The transducer-array assembly of claim 57, wherein the

housing has a streamlined shape.

65. (Currently Amended) The transducer-array assembly of claim 57, wherein the
beamwidth in the direction parallel to_a longitudinal length of the linear transducer element is
less than about five percent as large as the beamwidth of the sonar beam in the direction

perpendicular to the longitudinal length of the linear transducer element.

66. (Currently Amended) The transducer-array assembly of claim 57, wherein the linear
transducer element is configured to provide data displayable as sonar data images in which
images corresponding to data received via the linear transducer element provide data regarding

bottom features over less than fifty percent of a display screen when displayed.

67. (Currently Amended) The transducer-asray assembly of claim 57, wherein the linear
transducer element is configured to provide data displayable as sonar data images in which
images corresponding to data received via the linear transducer element provide data regarding

bottom features over less than twenty percent of a display screen when displayed.
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68. (Currently Amended) The transducer-asray assembly of claim 57, wherein the linear
transducer element is configured to provide data displayable as sonar data images in which

images corresponding to data received via the linear transducer element provide data indicative

of bottom depth.

69. (Currently Amended) The transducer-array assembly of claim 57, wherein the linear
transducer element is configured to provide data displayable as sonar data images in which
images corresponding to data received via the linear transducer_element provide data indicative

of water column features.

70. (Currently Amended) The transducer-array assembly of Claim 57, wherein the linear
transducer element is configured to provide data displayable as sonar data images indicative of

bottom data.

71. (Currently Amended) The transducer-array assembly of Claim 57, wherein the linear
transducer element is configured to provide data displayable as sonar data images indicative of

two or more of depth data water column data and bottom data.

72. (Currently Amended) The transducer-array assembly of Claim 57, further comprising
a circular transducer element positioned to project conical sonar pulses in a direction

substantially perpendicular to the plane corresponding to the surface.

73. (Currently Amended) The transducer-array assembly of Claim 72, wherein the linear

and circular transducer elements are in the same housing.

74. (Currently Amended) The transducer-array assembly of Claim 72, wherein the linear
transducer and circular transducer elements are positioned to project fan-shaped and conical

sonar beams that at least partially overlap.
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75. (Currently Amended) The transducer-array assembly of claim 72, wherein the sonar
signal returns from the circular transducer element and linear transducer element provide

generally simultaneous data.

76. (Currently Amended) A sonar system comprising:

a linear transducer element positioned within a housing that is mountable to a watercraft

that traverses a surface of a body of water, the linear transducer element having a substantially

rectangular shape configured to produce a_fan-shaped sonar beam having a relatively narrow

beamwidth in a direction parallel to longitudinal length of the linear transducer element-thatis
significantlyless-than and a relatively wide beamwidth-ef-the-sonar-beam in a direction

perpendicular to the longitudinal length of the transducer element, the linear transducer element

being positioned with the longitudinal length thereof extending in a fore-to-aft direction of the

housing
wherein the linear transducer element is positioned to project sonar pulses in a direction

substantially perpendicular to a plane corresponding to the surface of [[a]] the body of water;
a sonar module configured to enable operable communication with the transducer-array
element, the sonar module including:
a sonar signal processor to process sonar return signals-received-via-the linear
transducer-element, and
at least one transceiver configured to provide communication between the linear

transducer element and the sonar signal processor.

77. (Original) The sonar system of claim 76, wherein the sonar module further comprises

an Ethernet hub in communication with the signal processor.

78. (Original) The sonar system of claim 76, wherein the sonar module is provided

within a separate housing.
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79. (Original) The sonar system of claim 76, further comprising at least one visual

display presenting an image representing the processed sonar return signals.

80. (Original) The sonar system of claim 79, wherein the display and the sonar module

are in the same housing.

81. (Original) The sonar system of claim 79, wherein at least one display of the plurality
of displays is enabled to simultaneously provide different images representing different

information from the processed sonar return signals.

82. (Original) The sonar system of claim 76, wherein the sonar module further comprises

configuration settings defining a predefined set of display images that may be presented.

83. (Original) The sonar system of claim 76, wherein the linear transducer element is

configured to operate at a selected one of at least two selectable operating frequencies.

84. (Original) The sonar system of claim 76, wherein the selectable operating

frequencies include about 455 kHz and 800 kHz.
85. (Canceled)
86. (Currently Amended) The sonar system of claim-85 76, wherein the housing is

mountable to-a-vessel-to-generate-sonar-pulses-defininga the watercraft such that the fan-shaped
beam extending extends from one side of the-vessel watercraft to an opposite side of the-vessel

watercraft.

87. (Canceled)
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88. (Currently Amended) The sonar system of claim 76, wherein the sonar signal
processor is configured to display images of sonar data in which images corresponding to data

received via the linear transducer_element provide data regarding bottom features over less than

fifty percent of a display screen when displayed.

89. (Original) The sonar system of claim 76, wherein the sonar signal processor is
configured to display images of sonar data corresponding to data received via the linear

transducer element representing bottom data.

90. (Original) The sonar system of claim 76, wherein the sonar signal processor is
configured to display images of sonar data corresponding to data received via the linear

transducer element representing water column data.

91. (Original) The sonar system of claim 76, wherein the sonar signal processor is
configured to display images of sonar data corresponding to data received via the linear

transducer element representing depth data.

92. (Original) The sonar system of claim 76, wherein the sonar signal processor is
configured to display images of sonar data corresponding to data received via the linear

transducer element representing two or more of depth data, water column data and bottom data.

93. (Original) The sonar system of claim 76, wherein the sonar signal processor is
configured to display images of sonar data corresponding to data received via the linear

transducer element representing data vertically below the linear transducer element.

94. (Original) The sonar system of claim 76, further comprising a circular transducer

element producing a conical downscan beam.

9 0of 26 RAY-1002
379 of 737



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

95. (Original) The sonar system of claim 76, further comprising a circular transducer

element producing a conical downscan beam from within the housing.

96. (Currently Amended) The sonar system of claim 94, wherein the sonar pulses from
the linear transducer element and the sonar pulses from the circular transducer element insonify

areas of the bottom that at least partially overlap.

97. (Original) The sonar system of claim 94, wherein the sonar signal returns from the

circular transducer element and linear downscan element provide generally simultaneous data.

98. (Original) The sonar system of claim 76, further comprising sources of data from at

least one of the group of radar, GPS, digital mapping, time and temperature.

99. (Original) The sonar system of claim 98, wherein a display format for display of the

data is in a user selectable format.

100. (New) The sonar assembly of claim 57, wherein the linear transducer element is
configured to emit sonar pulses as well to receive echo returns and convert sound energy of the

echo returns into electrical signals.

101. (New) The sonar system of claim 76, wherein the linear transducer element is
configured to emit sonar pulses as well to receive echo returns and convert sound energy of the

echo returns into electrical signals.

102. (New) The sonar assembly of claim 57, wherein the housing is mounted to the

watercraft.

103. (New) The sonar assembly of claim 57, wherein the linear transducer element is

configured to produce a generally planar fan-shaped beam.
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104. (New) The sonar system of claim 76, further comprising a display in

communication with the sonar module.

105. (New) The sonar system of claim 104, wherein the sonar module and display

communicate with each other via a network.

106. (New) The sonar system of claim 104, further comprising at least one additional

display in communication with the sonar module.

107. (New) The sonar system of claim 104, further comprising a user interface in

communication with the sonar module and configured to receive an input from a user.

108. (New) The sonar system of claim 107, wherein the display, the sonar signal

processor, and the user interface are all contained in a single housing.

109. (New) The sonar system of claim 107, wherein the user interface is part of the

display.

110. (New) The sonar system of claim 104, wherein the linear transducer element, the

transceiver, and the display respectively comprise at least two separate modules.

111. (New) The sonar system of claim 76, wherein the housing containing the linear

transducer element is mounted to the watercraft.

112. (New) The sonar system of claim 76, wherein the housing containing the linear
transducer element is mounted on an intermediate structure that in turn is mounted to the

watercratft.

113. (New) The sonar system of claim 104, wherein the sonar signal processor is further

configured to implement signal processing or enhancement to improve display characteristics.
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114. New) The sonar system of claim 104, wherein the sonar signal processor is further

configured to process GPS information.

115. (New) The sonar system of claim 104, wherein the sonar signal processor is further

configured to process waypoint designations.

116. (New) The sonar system of claim 104, wherein the sonar signal processor is further

configured to process time data.

117. (New) The sonar system of claim 104, wherein the sonar signal processor is further

configured to process temperature data.

118. (New) The sonar system of claim 104, wherein the sonar signal processor is further

configured to implement a notice or alarm regarding depth.

119. (New) The sonar system of claim 104, wherein the sonar signal processor is further

configured to implement a notice or alarm regarding presence of fish.

120. (New) The sonar system of claim 104, wherein the sonar signal processor is further

configured to implement a notice or alarm regarding proximity of other watercraft.

121. (New) The sonar system of claim 104, wherein the processor, in combination with a

memory, stores incoming transducer data or screen images for future playback or transfer.

122. (New) The sonar system of claim 104, wherein the sonar signal processor is further

configured to perform additional processing to implement zoom.

123. (New) The sonar system of claim 104, wherein the sonar signal processor is further

configured to perform additional processing to correlate sonar data to a GPS position.

124. (New) The sonar system of claim 76, wherein the housing containing the linear

transducer element has a streamlined profile.
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125. (New) The sonar system of claim 76, wherein the housing containing the linear
transducer element is mounted on an accessory on the watercraft enabling the fan-shaped beam

to assume various orientations with respect to the watercraft.

126. (New) The sonar system of claim 76, further comprising a linear side scan
transducer element positioned and configured to produce a fan-shaped beam aimed downwardly
and outwardly to one side of the watercraft, wherein dimensions and operating frequencies of the
linear transducer element and the linear side scan transducer element are selected to minimize or

eliminate any gap between the respective fan-shaped beams.

127. New) The sonar system of claim 76, further comprising a display in
communication with the sonar module, and wherein the system is configured to indicate a

position of the watercraft on the display.

128. (New) The sonar system of claim 76, further comprising a display in
communication with the sonar module, and wherein the system is configured to indicate water

depth on the display.

129. (New) The sonar system of claim 76, further comprising a second transducer
positioned and configured to produce a conical sonar beam directed downwardly from the
watercraft, wherein the system further includes a display in communication with the sonar
module, and wherein the system is configured to indicate on the display an intensity of a return

echo received from the conical sonar beam.

130. (New) The sonar system of claim 129, wherein the linear transducer element and

the second transducer are both contained in the housing.

131. (New) The sonar system of claim 129, wherein the linear transducer element and

the second transducer operate at different respective frequencies.

132. (New) The sonar system of claim 76, further comprising a linear side scan

transducer element positioned and configured to produce a fan-shaped beam aimed downwardly
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and outwardly to one side of the watercraft, wherein the linear transducer element and the linear

side scan transducer element are both contained in the housing.

133. (New) The sonar system of claim 132, further comprising a second linear side scan
transducer element positioned and configured to produce a fan-shaped beam aimed downwardly
and outwardly to an opposite side of the watercraft, wherein the linear transducer element and

the linear side scan transducer elements are all contained in the housing.

134, (New) A sonar imaging apparatus comprising:

a housing mountable to a watercraft that traverses a surface of a body of water, the
watercraft defining a center plane that extends from fore to aft and that is perpendicular to the
surface of the body of water; and

a linear transducer element positioned within the housing, the linear transducer element
being configured to produce a sonar beam having a longitudinal beamwidth in a direction
parallel to a longitudinal length of the linear transducer element that is significantly less than a
transverse beamwidth of the sonar beam in a direction perpendicular to the longitudinal length of
the transducer element;

wherein the housing is configured for mounting to the watercraft such that the
longitudinal length of the linear transducer element is parallel to said center plane, and

wherein the transverse beamwidth of the sonar beam is sufficiently wide in relation to a
direction in which the linear transducer element is aimed such that the transverse beamwidth

spans from a port side of said center plane to a starboard side of said center plane.

135. (New) The sonar imaging apparatus of claim 134, further comprising:

a second linear transducer element positioned within the housing, the second linear
transducer element being configured to produce a second sonar beam having a longitudinal
beamwidth in a direction parallel to a longitudinal length of the second linear transducer element
that is significantly less than a transverse beamwidth of the second sonar beam in a direction

perpendicular to the longitudinal length of the second linear transducer element.
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136. (New.) The sonar imaging apparatus of claim 135, wherein the housing is
configured for mounting to the watercraft such that the longitudinal length of the second linear
transducer element is parallel to said center plane, and wherein the second linear transducer
element is arranged such that the second sonar beam extends primarily in a direction different

from the sonar beam of the first linear transducer element.
137. (New) The sonar imaging apparatus of claim 136, wherein the transverse beam

width of the second sonar beam spans generally to a port side or a starboard side of said center

plane.
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REMARKS

Claims 57-84, 86, and 88-137 are pending after entry of the above amendments. Non-
elected Claims 1-56 are canceled without prejudice. Claims 85 and 87 are also canceled. New

Claims 100-137 have been added.

In the Office Action, Claims 59, 60, 62, and 72 were rejected under 35 U.S.C. 112,
second paragraph, as being indefinite because they include the term “about” in connection with

various numerical values.

Additionally, Claims 57, 61, 72, 75, 76, 78, 79, 94, and 97 were rejected under 35 U.S.C.
103(a) as being unpatentable over U.S. Patent No. 5,561,641 to Nishimori in view of U.S. Patent
Application Publication 2006/0002232 to Shah. Claims 58, 65-71, 74, 80, 81, 83, 88-93, 96, 98,
and 99 were rejected as unpatentable over Nishimori and Shah, and further in view of U.S.
Patent Application Publication 2007/0025183 to Zimmerman. Claims 64, 73, 77, 85, 87, and 95
were rejected as unpatentable over Nishimori and Shah, and further in view of U.S. Patent No.
7,542,376 to Thompson. Claim 60 was rejected as unpatentable over Nishimori and Shah, and
further in view of U.S. Patent No. 5,438,552 to Audi. Claim 62 was rejected as unpatentable
over Nishimori and Shah, and further in view of U.S. Patent No. 5,850,372 to Blue and U.S.
Patent No. 4,774,837 to Bird. Claims 59 and 84 were rejected as unpatentable over Nishimori
and Shah, and further in view of Zimmerman, U.S. Patent No. 4,538,249 to Richard, and U.S.
Patent No. 5,184,330 to Adams. Claim 82 was rejected as unpatentable over Nishimori and
Shah, and further in view of U.S. Patent No. 5,142,502 to Wilcox. Claims 63 and 86 were
rejected as unpatentable over Nishimori and Shah, and further in view of Thompson and

Zimmerman.

Summary of Interview

Applicant thanks the Examiner for his courtesy and helpfulness in the personal interview
conducted on November 16, 2011, with Applicant’s representatives Michael D. McCoy and

Donald M. Hill, Jr. In the interview, the representatives explained the state of the prior art with
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respect to downscan (i.e., looking directly beneath a watercraft with one or more sonar beams),
with reference to a number of exemplary prior art references that were discussed. It was
explained that it was conventional in the prior art to aim a conical beam straight down from the
watercraft, for purposes of depth sounding as well as acquiring images of water-borne objects
such as fish. It was further explained that linear or rectangular transducers were conventionally
used for side scan purposes, using the fan-shaped beams produced by such linear transducers to
insonify regions to the port and starboard sides of a watercraft. As presently understood by
Applicant, however, no prior art reference cited by Applicant or the Examiner has a linear

transducer used for downscan as described and claimed in Applicant’s application.

The Nishimori reference was discussed, and Applicant’s representatives pointed out that
Nishimori insonifies a wide conical area with a sonar transmitter and then uses beam-steering
techniques with an array of receiving elements for purposes entirely different from those of the

present application. Minor clarifying amendments to Claim 57 were also discussed.

Summary of Claim Amendments and Additions

Claim 57 has been amended to clarify that it is a transducer "assembly" being claimed.
The beam produced by the linear transducer element is now referred to as “fan-shaped”
commensurate with the descriptions in the specification. The claim as amended recites that the
linear transducer element is positioned with the longitudinal length thereof extending in a fore-
to-aft direction of the housing. Claim 57 has also been amended to add “of the body of water” in
reference to the “surface” as suggested by the Examiner. The application as filed fully supports
these amendments (see, for example, paragraph 0060 and Figures 7A and 7B), such that no new
matter has been added. The claims dependent on Claim 57 have been amended in formal

respects to be consistent with amended Claim 57.

Independent Claim 76 has been amended in substantially the same fashion as Claim 57.
No new matter has been added by these amendments, as noted above. The claims dependent on

Claim 76 have been amended in formal respects to be consistent with amended Claim 76.
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New Claims 100-137 have been added.

claims is shown in the table below:

Support in the application as filed for these new

New Claim / Feature(s)

Specification Paragraph and/or Figure No(s).

100 and 101. “wherein the linear transducer
element is configured to emit sonar pulses as
well to receive echo returns and convert
sound energy of the echo returns into
electrical signals.”

99 0002, 0010, 0056; FIGS. 5, 14

102. “wherein the housing is mounted to the
watercraft.

€9 0053, 0057-0060; FIGS. 7A, 7B

103. “wherein the linear transducer element
is configured to produce a generally planar
fan-shaped beam.”

FIG. 7B

104. “further comprising a display in
communication with the sonar module.”

99 0051, 0074; FIGS. 5, 14

105. “wherein the sonar module and display
communicate with each other via a network.”

99 0051, 0074; FIGS. 5, 14

106. “further comprising at least one
additional display in communication with the
sonar module.”

99 0051, 0074; FIGS. 5, 14

107. “further comprising a user interface in
communication with the sonar module and
configured to receive an input from a user.”

€9 0052, 0073; FIGS. 5, 14

108. “wherein the display, the sonar signal 10074
processor, and the user interface are all
contained in a single housing.”
109. “wherein the user interface is part of 70052
the display.”
110. “wherein the linear transducer element, | FIG. 5
the transceiver, and the display respectively
comprise three separate modules.”
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111. “wherein the housing containing the
linear transducer element is mounted to a hull
of the watercraft.”

99 0053, 0057

112. “wherein the housing containing the
linear transducer element is mounted on an
intermediate structure that in turn is mounted
to a hull of the watercraft.”

0057

113. “wherein the sonar signal processor is
further configured to implement signal
processing or enhancement to improve
display characteristics.”

90055

114. “wherein the sonar signal processor is
further configured to process GPS
information.”

0055

115. “wherein the sonar signal processor is
further configured to process waypoint
designations.”

€ 0055

116. “wherein the sonar signal processor is
further configured to process time data.”

90055

117. “wherein the sonar signal processor is
further configured to process temperature
data.”

0055

118. “wherein the sonar signal processor is
further configured to implement a notice or
alarm regarding depth.”

0055

119. “wherein the sonar signal processor is
further configured to implement a notice or
alarm regarding presence of fish.”

10055

120. “wherein the sonar signal processor is
further configured to implement a notice or
alarm regarding proximity of other
watercraft.”

90055

121. “wherein the processor, in combination

10055
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with a memory, stores incoming transducer
data or screen images for future playback or
transfer.”

122. “wherein the sonar signal processor is
further configured to perform additional
processing to implement zoom.”

90055

123. “wherein the sonar signal processor is
further configured to perform additional
processing to correlate sonar data to a GPS
position.”

40055

124. “wherein the housing containing the
linear transducer element has a streamlined
profile.”

90057

125. “wherein the housing containing the
linear transducer element is mounted on a
rotatable accessory on the watercraft
enabling the fan-shaped beam to assume
various orientations with respect to the
watercraft.

0059

126. “further comprising a linear side scan
transducer element positioned and configured
to produce a fan-shaped beam aimed
downwardly and outwardly to one side of the
watercraft, wherein dimensions and operating
frequencies of the linear transducer element
and the linear side scan transducer element
are selected to minimize a size of a gap
between the respective fan-shaped beams.

0063

127. “further comprising a display in
communication with the sonar module, and
wherein the system is configured to indicate
a position of the watercraft on the display.

10068

128. “further comprising a display in
communication with the sonar module, and
wherein the system is configured to indicate
water depth on the display.”

9 0069
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129. “further comprising a second transducer
positioned and configured to produce a
conical sonar beam directed downwardly
from the watercraft, wherein the system
further includes a display in communication
with the sonar module, and wherein the
system is configured to indicate on the
display an intensity of a return echo received
from the conical sonar beam.”

{0068

130. “wherein the linear transducer element
and the second transducer are both contained
in the housing.”

9 0076; FIGS. 16A-C

131. “wherein the linear transducer element
and the second transducer operate at different
respective frequencies.”

0073

132. “further comprising a linear side scan
transducer element positioned and configured
to produce a fan-shaped beam aimed
downwardly and outwardly to one side of the
watercraft, wherein the linear transducer
element and the linear side scan transducer
element are both contained in the housing.”

€ 0061; FIG. 8A

133. “further comprising a second linear side
scan transducer element positioned and
configured to produce a fan-shaped beam
aimed downwardly and outwardly to an
opposite side of the watercraft, wherein the
linear transducer element and the linear side
scan transducer elements are all contained in
the housing.”

9 0061; FIG. 8A

134. “A sonar imaging apparatus
comprising:

a housing mountable to a watercraft
that traverses a surface of a body of water,
the watercraft defining a center plane that
extends from fore to aft and that is
perpendicular to the surface of the body of

99 0057-0063; FIGS. 6 through 9B
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water; and

a linear transducer element positioned
within the housing, the linear transducer
element being configured to produce a sonar
beam having a longitudinal beamwidth in a
direction parallel to a longitudinal length of
the linear transducer element that is
significantly less than a transverse
beamwidth of the sonar beam in a direction
perpendicular to the longitudinal length of
the transducer element;

wherein the housing is configured for
mounting to the watercraft such that the
longitudinal length of the linear transducer
element is parallel to said center plane, and

wherein the transverse beamwidth of
the sonar beam is sufficiently wide in
relation to a direction in which the linear
transducer element is aimed such that the
transverse beamwidth spans from a port side
of said center plane to a starboard side of said
center plane.”

135. “further comprising:

a second linear transducer element positioned
within the housing, the second linear
transducer element being configured to
produce a second sonar beam having a
longitudinal beamwidth in a direction
parallel to a longitudinal length of the second
linear transducer element that is significantly
less than a transverse beamwidth of the
second sonar beam in a direction
perpendicular to the longitudinal length of
the second linear transducer element.”

€9 0057-0063; FIGS. 6 through 9B

136. “wherein the housing is configured for
mounting to the watercraft such that the
longitudinal length of the second linear
transducer element is parallel to said center

99 0057-0064; FIGS. 6 through 10B
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plane, and wherein the second linear
transducer element is arranged such that the
second sonar beam extends primarily in a
direction different from the sonar beam of the
first linear transducer element.”

137. “wherein the transverse beam width of | 7 0057-0064; FIGS. 6 through 10B
the second sonar beam spans generally to a
port side or a starboard side of said center
plane.”

Thus, no new matter has been added by the addition of new Claims 100-137.

Response to Rejections under 35 U.S.C. 112, Second Paragraph

The Examiner indicated in the interview that the inclusion of the term “about” in
reference to numerical values in the claims is not in fact considered to render the claims
indefinite. Accordingly, Applicant has not removed this term from the indicated claims, and it is
Applicant’s understanding that the rejections under 35 U.S.C. 112, second paragraph, will be

withdrawn on next action.

Response to Rejections under 35 U.S.C. 103(a)

All of the rejections hinge on the asserted combination of Nishimori and Shah as
allegedly teaching a transducer array having a linear transducer element of rectangular shape,
producing a beam that is significantly narrower in a direction parallel to the length of the element
than in a direction perpendicular to the length, and wherein the transducer element is positioned
in its housing so as to project sonar pulses in a direction substantially perpendicular to a plane
corresponding to the surface of the body of water. As pointed out in the interview, however, and
as further explained below, Nishimori fails to teach or even remotely suggest such a linear

transducer element as claimed in Claims 57 and 76.
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The Office Action specifically pointed to col. 18, lines 1-20 of Nishimori, as allegedly
teaching a linear transducer arranged as claimed. Nishimori, however, describes a sonar system
strikingly distinct from that claimed in Claims 57 and 76. Nishimori’s objective is to determine
magnitudes and directions of velocities of moving targets within an insonified volume of water,
and to display the targets in various colors denoting such magnitudes and directions. To
accomplish this, Nishimori emits a wide-area conical beam into the water (Figure 19; col. 11,
lines 56-58; col. 26, lines 16-21). This produces echoes or sonar returns potentially coming from
all directions from within that conical volume, back to the transducer array. Nishimori then uses
a selected sub-set of a multi-direction array of multiple receiving elements to receive those sonar
returns and convert them into electrical signals for subsequent signal processing. The receiving
array can be a circular array (see Figure 6 and Example 4 described at col. 15 line 50 to col. 16
line 15), or it can be a linear array (see col. 18, lines 15-26). In either case, however, two such
receiving elements Ip and /g are used to form two “receiving beams” P and Q that are steered
(either mechanically or electronically) with an angular separation @ between them. There is a
constant time difference between the receipt of the return at the element /p and the receipt at the
element /q. Based on that time difference, Nishimori is able to measure phase differences
between the two signals, determine carrier frequencies contained in the target echoes, and

thereby deduce the magnitudes and directions of velocities of the targets.

Thus, Nishimori teaches using a transducer producing a conical beam as illustrated in
Figure 19. This is similar to the state of the art as noted above, in which it was conventional to
aim a conical beam downward for various purposes. Nishimori merely adds to such
conventional systems a receiving array and signal processing techniques to deduce velocity
information. Accordingly, Nishimori is of no particular relevance to the claimed invention of
Applicant’s application, since it fails to disclose or suggest a linear transducer element producing
a fan-shaped beam positioned within the housing to project sonar pulses in a direction

substantially perpendicular to a plane corresponding to the surface of the body of water.
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Shah is of even less relevance, as it relates to an acoustic signal transmission system for a
downhole (well) installation, and in any case does not disclose or suggest a linear transducer

element of any kind.

In light of the remarks above, therefore, Applicant respectfully submits that Claims 57

and 76 are patentable over the cited references.

The claims dependent on Claims 57 and 76 are therefore also patentable at least because
they include all of the features of their respective independent claim, and further because the
cited references fail to teach or suggest the combination of such features with the additional

limitations recited in each of the dependent claims.

New independent Claim 134 includes features similar to those of Claims 57 and 76 and
thus is submitted to be patentable for reasons substantially the same as those applicable to
Claims 57 and 76. Dependent Claims 135-137 are therefore also patentable at least because they
include all of the features of Claim 134, and further because the cited references fail to teach or
suggest the combination of such features with the additional limitations recited in each of these

dependent claims.

Conclusion

Based on the above amendments and remarks, it is respectfully submitted that all pending

claims are patentable and the application is in condition for allowance.

It is not believed that extensions of time or fees for net addition of claims are required,
beyond those that may otherwise be provided for in documents accompanying this paper.
However, in the event that additional extensions of time are necessary to allow consideration of

this paper, such extensions are hereby petitioned under 37 CFR § 1.136(a), and any fee required
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therefor (including fees for net addition of claims) is hereby authorized to be charged to Deposit

Account No. 16-0605.

Donald M. Hill, Jr. R |
Registration No. 40,646

ALSTON & BIRD LLP

Bank of America Plaza

101 South Tryon Street, Suite 4000
Charlotte, NC 28280-4000

Tel Charlotte Office (704) 444-1000

ELECTRONICALLY FILED USING THE EFS-WEB ELECTRONIC FILING SYSTEM OF THE UNITED STATES PATENT &
TRADEMARK OFFICE ON NOVEMBER 30, 2011.
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Application No. Applicant(s)

, -, ] 12/460,139 MAGUIRE, BRIAN T.
Applicant-Initiated Interview Summary i i

Examiner Art Unit

JAMES HULKA 3662

All participants (applicant, applicant’s representative, PTO personnel):

(1) JAMES HULKA. (3)Michael McCoy (Reg. No. 29.098).

(2) Donald Hill (Reg. No 40.646). (4) .

Date of Interview: 16 November 2011.

Type: [ Telephonic [ Video Conference
X Personal [copy given to: [] applicant  [] applicant’s representative]

Exhibit shown or demonstration conducted: [] Yes X No.
If Yes, brief description:

Issues Discussed []101 X112 [J102 X103 [JOthers

(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)
Claim(s) discussed: 57 and 76.

Identification of prior art discussed: Betts, Gilmour, Nishimori.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Applicant's representatives discussed additional prior art from recently filed IDS. Representatives described novel
features of claimed invention and cited support in specification for those claims. Representatives also described
differences in structure and function of claimed invention in application and distinctions between that and various
examiner-cited and applicant-cited references (NPL and patent).Color screen images were shown and provided to the
examiner lo highlight improvements over prior art. No agreement was made regarding allowability of claims.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a hon-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview

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

] Attachment

/JAMES HULKA/
Examiner, Art Unit 3662
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U.S. Patent and Trademark Office IAva N
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

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

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. Itis the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

—Name of applicant

—Name of examiner

—Date of interview

—Type of interview (telephonic, video-conference, or personal)

—Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

— An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— An indication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant’s record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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193, | FishFinder L750 Instruction Manual; Raymarine; 93 pages

194. | GeoAcoustics; A Kongsberg Company; GeoSwath Plus Brochure; “Wide swath bathymetry and
georeferenced side scan”; [Online]; Retrieved from the internet < URL:

hitp://www.km konesberg.com/ks/web/nokbg0397.nsf/ AllWeb/FABTFD3461368388C12575990
02D34BC/$file/GeoSwath-Plus-brochure.pdf?OpenElement;

195. | GeoPulse; “GeoAcoustics Pinger Sub-Bottom Profiler; Retrieved from the Internet <URL:
hitp://www km kongsberg.comv/ks/web/nokbg0397.nsf/AllWeb/D1084BB7DDOFD21 DCI2574
CO0003E01EA/$file/GeoPulse Profiler.pdf?OpenElement; GeoAcoustics Limited, UK; A
Kongsberg Company

196. | GlobalMap Sport; Installation and Operation Instructions; Lowrance Electronics, Inc.; ©1996;
61 pages

197. | GPS Speed Correction; Sidescan Sonar; [online]; Retrieved from the Internet URL.:
<www.hydrakula.uni-kiel.de/downloads/Sidescan%20Sonar.doc; 10 pages

198. | HUMMINBIRD 1197¢ Operations Manual; 11/6/2007; 188 pages

199. | HUMMINBIRD 200DX DUAL BEAM Operations Manual; 43 pages

200. | HUMMINBIRD 500 Series; 550, 560, 570 and 570 DI Operations Manual; © 2010; 84 pages

201. | Humminbird: America’s favorite Fishfinder — the leading innovator of Side Imaging
technology; [Online]; [Retrieved on 03-16-2011]; Retrieved from the Internet <URL:
http://www.humminbird.com/support/ProductManuals.aspx>; 20 pages

202. | Humminbird: America’s favorite Fishfinder — the leading innovator of Side Imaging
technology; [Online]; [Retrieved on 03-16-2011]; Retrieved from the Internet <URL:
http://www.humminbird.com/support/ProductManuals.aspx>; 5 pages

203. | HUMMINBIRD Dimension 3 Sonar 600 Operations Manual; 24 pages

204. | THE HUMMINBIRD GPS NAVIGATIONAL SYSTEM. NOTHING ELSE EVEN CLOSE;
HUMMINBIRD Marine Information Systems ®; 1992; 10 pages

205. | HUMMINBIRD GPS NS 10 Operations Manual; 75 pages
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206. | HUMMINBIRD High Speed Transducer; 4 pages
207. | HUMMINBIRD LCR 400 ID Operations Manual; 28 pages
208. | HUMMINBIRD Marine Information Systems; Dimension 3 Sonar™; 1992; 16 pages
209. | HUMMINBIRD “Matrix 35 Fishing System,” Prior to August 2, 2003
210, | HUMMINBIRD Matrix 35 Fishing System; 2 pages
211. | HUMMINBIRD MATRIX 55 AND 65 Operations Manual; ©2003; 40 pages
212. | HUMMINBIRD Matrix 67 GPS Trackplotter Operations Manual; ©2003; 88 pages
213. | HUMMINBIRD “Matrix 97 GPS Trackplotter Operations Manual” 2003
214. | HUMMINBIRD Matrix 97 Operations Manual; ©2003; 87 pages
215. | HUMMINBIRD Matrix™ 87¢ Operations Manual; ©2004; 45 pages
216. | HUMMINBIRD The New Wave of Wide; 1997; HUMMINBIRD WIDE®) fish wide open!®;
24 pages
217. | HUMMINBIRD NS25 Operations Manual; 71 pages
218. | HUMMINBIRD Piranha 1 & 2 Operation Guide; 5 pages
219. | HUMMINBIRD Platinum ID 120 Operations Manual; 36 pages
220, | HUMMINBIRD Platinum ID 600 Operations Manual; 18 pages
221. | HUMMINBIRD “The Product Line>Matrix Products>Matrix 35”
http://web.archive.org/web/ZOOB0404000447/www.humminbird.com/hb~Products.asp?ID,
April 4, 2003
222. | Humminbird® Trolling Motor Mounted Transducer with Mount Assembly Brochure; © 2008
Humminbird®, Eufaula, AL; 2 pages
223. | HUMMINBIRD Wide 3D Paramount Operations Manual; 44 pages
224. | HUMMINBIRD Wide 3D View Operations Manual; 38 pages
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225.

HUMMINBIRD Wide 3D Vision Operations Manual; 38 pages

226.

HUMMINBIRD Wide 3D Vista Operations Manual; 38 pages

227.

HUMMINBIRD Wide Eye Operations Manual, 32 pages

228.

HUMMINBIRD Wide Paramount Operations Manual; fish wide open!; 32 pages

229.

HUMMINBIRD “Wideside”; Schematic; December 15, 1994; 5 pages

230.

Hydro Products; A Tetra Tech Company; 4000 Series Gifft Precision Depth Recorder Product
Brochure; date stamped 1977

231.

The Hydrographic Society — Corporate Member News — KONGSBERG SIMRAD; July 3,
2008; 7 pages

232,

Imagenex Model 855 Brochure: Online; Documents retrieved from internet web archives as
follows:

URL:http://web.archive.org/web/200210232122 1 0/http:/www. imagenex.com/Products/855_858
/855_858.html; 1 page; Archived on October 23, 2002
URL:http://web.archive.org/web/200210241 2403 5/http:/www.imagenex.com/Products/855_858

/855/855.html; 1 page; Archived on October 24, 2002
URL:http://web.archive.org/web/20021024 125254/http:/www.imagenex.com/Products/855_858
/858/858.html; 1 page; Archived on October 24, 2002
URL:http://web.archive.org/web/2003042407 1 306/http:/www.imagenex.com//855_Page 1.jpg;
1 page; Archived on April 24, 2003
URL:http://web.archive.org/web/20030.
1 page; Archived on April 24, 2003
URL:http://web.archive.org/web/20030424094158/http:/www.imagenex.com/855 Page 3.ipg;
1 page; Archived on April 24, 2003

URL :http://web.archive.org/web/2003042410130 1 /http:/www.imagenex.com/855_Page_4.ipg;
1 page; Archived on April 24, 2003

URL:http://web.archive.org/web/20030424101 939/http:/www.imagenex.com/855_Page_5.ipg;
1 page; Archived on April 24, 2003
URL:http://web.archive.org/web/20030424135458/http:/www.imagenex.com/855 Page 6.ipg;
1 page; Archived on April 24, 2003

URL:http://web.archive.org/web/20030424 141 232/http:/www.imagenex.com/8355_Page_7.ipg;
1 page; Archived on April 24, 2003

URL :http://web.archive.org/web/200304241431 58/http:/www.imagenex.con/855_Page_8.jpg;
1 page; Archived on April 24, 2003

424091547 /http./www.imagenex.com/855_Page 2.
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233.

Imagenex Model 872 “Yellowfin” Sidescan Sonar; Imagenex Technology Corp.; © 2004 - 2009

234,

The Imagenex SportScan; Digital Sidescan Sonar; “Redefining Image Clarity”; Imagenex
Technology Corp.; © 2002

2335.

Imagenex SportScan Digital SideScan Sonar Brochure: Online; Documents retrieved from
internet web archives as follows:
URL:http://web.archive.org/web/20030212030409/http://www.imagenex.com/Products/products
.html; 1 page; Archived on February 12, 2003

URL http://web.archive.org/web/200302140449 1 5/http://www.imagenex.com/Products/SportSc
an/sportscan.html; 1 page; Archived on February 14, 2003
URL:http:/web.archive.org/web/2003022215233 7/http://www.imagenex.com/Products/SportSc
an/SportScan_Specs/sportscan_specs.html; 3 pages; Archived on February 22, 2003

URL :http://web.archive.org/web/20030222161450/http:/www. imagenex.com/Products/SportSc
an/FAQ s/fag_s.html; 4 pages; Archived on February 22, 2003
URL:http://web.archive.org/web/200304 19024 526/http://www.imagenex.com/; Products/SportSc
an/distributors.html; 2 page; Archived on April 19, 2003

236.

IMAGENEX (Various) Technical Specifications and User’s Manual; Prior to August 2003

237.

Innomar — Products; “System Variants: SES Side Scan Option™; Retrieved from internet
URL:http://www.innomar.com/produ_2000sidescan htm; 12/30/2003; 2 pages

238.

International Search Report and Written Opinion for Application No. PCT/U S2010/039441
dated October 11,2010

239.

International Search Report and Written Opinion for Application No. PCT/US2010/039443
dated October 6, 2010

240,

“ITC Application Equations for Underwater Sound Transducers”; Published by International
Transducer Corporation, 1995, Rev. 8/00; 3 pages

241,

Kelvin Hughes Transit Sonar; “ . . . a new dimension in shallow water survey to assistin...”;
Hydrography; Dredging; Salvage; Underwater Construction and Similar Works; March 1966;
8 pages

242,

KLEIN DIGITAL SONAR SYSTEMS, “...The Next Generation From the World Leader in
Side Scan Sonar and Sub-bottom Profiling Systems,” 1988
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243. | Lowrance HS-3DWN Transducer Assembly and Housing (Eagle I1ID); August 1994
244. | Lowrance LCX-18C & LCX-19C Fish-finding Sonar & Mapping GPS; Operation Instructions;
©2002; 200 pages
245. | Lowrance Transducers Product Information; 1 page
246. | Navico Design Report of Raytheon Electronics Side Looker Transducer; 3/12/2010;
18 pages
247. | NOAA: Nautical Charting general information from public records; [Online]; Retrieved on
9/10/2010 from the Internet < URL:
http://www.nauticalcharts.noaa.gov/csdl/learn_hydroequip.html; 2 pages;
http://www.nauticalcharts.noaa.gov/csdl/learn_hydroequip.html; 1 page;
http://www.nauticalcharts noaa.gov/csd/PDBS html; 2 pages;
http://www.nauticalcharts.noaa.gov/hsd/pub.html; 1 page;
http://www.nauticalcharts.noaa.gov/hsd/fpm/fpm.him; 1 page;
http.//www.ozcoasts.gov.au/geom_geol/toolkit/Tech_CA_sss jsp; 12 pages
248. | ONR Grant N66604-05-1-2983; Final Report; “Cooperative Autonomous Mobile Robots™;
Retrieved from the Internet <URL: http://dodreports.com/pdf/ada463215.pdf; Post 2006
249. | Odom Echoscan™: For Sea Floor or Riverbed Surveys; Odom Hydrographic Systems;
04/26/2002
250. | Odom Hydrographic Systems ECHOSCAN Manual; Revision 1.11; 04/26/2002
251. | “Product Survey Side-Scan Sonar”; Hydro International Magazine; Volume 36; April 2004;
pp. 36-39
252. | R/V QUICKSILVER; Hydrographic Survey Launch Bareboat or Crewed; F/V Norwind, Inc.
253. | R/V TANGAROA; Fact Sheet; Explore lost worlds of the deep; Norfanz Voyage; May 10 to
June 8, 2003
254. | SeaBat 8101 Product Specification; 240kHz Multibeam Echo Sounder; ©1999 RESON Inc.;
Version 4.0
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255. | SIMRAD EA 500; Hydrographic Echo Sounder; Product Specifications; Revision: September
1993

256. | SonarBeam Underwater Surveying System Using T-150P tow-fish hull mounted; [Online];
[Retrieved on 2/12/2010 from the Internet <URL:

http://dsmeu.en.ec2 1.com/Remotely _Operated_Sonar_Boat_System--618904_24799035.html; 4
pages; http://www.remtechnology.en.ec21.com/Side_Scan_Sonar Remotely Operated--
2902034.html; 4 pages; [Retrieved on 2/16/2010 from the Internet <URL:
http://dsmeu.en.ec2.com/Remotely Operated Sonar_Boat_System--618904_2479905.html; 4
pages; http://www.remtechnology.en.ec21.com/Side_Scan_Sonar_Remotely Operated--
2902230.html; 7 pages

257. | Starfish 450H; Sidescan System; Tritech International Limited; UK

258. | T297-00-01-01 Transducer housing outline drawing; Neptune Sonar Lfd.; ©2002

259. | TECHSONIC INDUSTRIES, INC.; “Mask, Acoustic”; Schematic, May 24, 1996

260. | TECHSONIC INDUSTRIES, INC.; “Element, 455 kHz”; Schematic, June 13, 1996

261. | “Transducers Quad Beam,” Prior to August 2, 2003

262. | U-Tech Company Newsletter

263. | USACE, “Chapter 11, Acoustic Multibeam Survey Systems for Deep-Draft Navigation
Projects,” April 1, 2004

264. | Ultra 111 3D Installation and Operation Instructions; EAGLE™; ©1994

265. | Westinghouse Publication; “Side-Scan Sonar Swiftly Surveys Subsurface Shellfish”; May 1970;
4 pages

266. | Sonar Theory and Applications; Excerpt from Imagenex Model 855 Color Imaging Sonar User’s
Manual; Imagenex Technology Corp.; Canada; 8 pages
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PATENT SPECIFICATION (1

DRAWINGS ATTACHED

(21} Application No. 28638/70
(23) Complete Specification filed 13 Aug. 1971

(44) Complete Specification published 9 May 1973

(51) International Classification G018 9/68
(52) Index at acceptance
H4D GlA G4A5 GS5A3A G5D

(72) Inventors DEREK LEONARD DICKINSON,
JOHN GILBERT FRANKHAM and

(22) Filed 12 June 1970

RODNEY JAMES SAUNDERS

(54) IMPROVEMENTS RELATING TO SONAR APPARATUS

(71)  We, BRITISH AIRCRAFT COR-
PORATION LIMITED, a British company
of 100 Pall Mall, London, S.W.1, do hereby
declare the invention, for which we pray that
a patent may be granted to us, and the method
by which it is to be performed, to be particu-
larly described in and by the following state-
ment:—

This invention is concerned with sonar sys-
tems for determining the depth of the seabed
and the presence of objects on the seabed.
Apparatus embodying the invention may be
used, for example, to survey the seabed con-
tours in order to increase the safety of navi-
gation where the under-keel clearance is small
and may be carried on ships or other water-
borne craft.

Sonar. system are known in which a pulse
of acoustic energy is transmitted into the sea
with a radiation pattern substantially consisting
of a single lobe which is very narrow in plan
view. For example, 2 train of such pulses can
be broadcast from the side of a ship which is
moving forward, the speed of forward move-
ment and the interval between the pulses being
such that a succession of parallel, closely spaced
seabed contours are derived,

Normally, the transmitted pulse *runs
along ” the seabed in a straight line. The pulse
does not actually run along the seabed, instead
it is broadcast over a fairly wide angle in
clevation and reaches the seabed along this
line at progressively later instants, but the
concept of the pulse running along the seabed
is a convenient ome for the purposes of
explanation.

It will be clear that in determining these
seabed contours, the angular movement of the
ship has to be taken into account. Thus, if
the ship yaws, then it is necessary to swing
the radiation pattern with respect to the ship
so that the pulse is actually transmitted in the
direction which it would have hade in the
absence of yaw, If the ship pitches, a different
kind of error results and this is more difficult
to correct,

We have found that if the ship pitches, the
pulse appears to run along the seabed in a
straight line parallel to the line obtained in
the absence of pitching but that this can be
compensated by introducing a correction, in a
manner to be described. According to the
present invention, the somar transmitter has
in one plane a radiation pattern made up of a
number of angularly spaced lobes and the
apparatus further includes, for correcting data
derived by sonar apparatus for error due to
ship pitching movement, control means opera-
tive in response to any specific value of a
control input signal to swing different lobes
to different extents in a direction perpendicular
to the said plane, the extent of swing of each
lobe depending on the value of the control
signal; when the apparatus is arranged on 2
ship so that the said plane is perpendicular
to the longitudinal axis of the ship and the
lobes are downwardly directed, and when the
control signal varies with the pitching angle
of the ship, the angle of swing for any lobe
is in the yaw direction and vaties in magni-
tude with the pitching angle so as to reduce
the effect of ship pitching movement on the
direction of transmission of the lobe, It will
be appreciated that in a practical case com-
pensation must also be introduced fer the
movement of the ship in yaw, the effect of
which is to cause the whole sonic radiation pat-
tern to swing in yaw. Consequently, in addi-
tion to the selective displacements of the dif-
ferent lobes to correct for pitching, there must
be an overall correction to each lobe to counter
the yawing movement of the ship.

For reasons to be explained, if the seabed
field of interest includes the area immediately
under the ship, a correction in yaw alone could
not provide the necessary pitch compensation.
To overcome this difficulty, in the preferred
form of apparatus we arrange for the trans-
ducers responsible for the different lobes to
form a curved array in the vertical plane.
Because of this curvature, the overall correc-
tion to each lobe to counter the yawing move~
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ment of the ship will be calculated by a pro-
cedure which is the reverse of that employed
for pitch correction, ie. the lobe making the
greatest angle with the seabed (vertically down-
wards) has no yaw component and so requires
no correction; that making the least angle
has only a yaw component and so requires full
correction.

The angular deviation of the radiation pat-
tern is preferably achieved by introducing
phase differences between radiation from dif-
ferent transducers along a horizontal transmit-
ter strip, that is to say by progressively delay-
ing the arrival of an energising waveform at the
transducers along the strip.

In order that the invention may be better
understood, an explanation of the correction
and an example of apparatus embodying the
invention will now be described with reference
to the accompanying drawings, in which:—

Figure la is a diagram illustrating the
problem;
Figure 1b shows diagrammatically the

curved transducer mounting;

Figures 2a and 2b are diagrams showing in
clevation and plan the radiation lobes of the
sonar transmitter;

Figure 3 shows a transmitter panel carrying
2 number of transducer arrays; and

Figure 4 is a block diagram of a cricuit
for one transmitter transducer array.

In Figure la, a ship 10 carrying the trans-
ducers has a horizontal fore-and-aft axis 11.
The ship is a distance d above the seabed and
in the absence of ship movement, the pulse
appears to run out over the seabed along the
Yine 12. If the ship pitches, so that the ship’s
 vertical ? makes an angle ¢ with the true
vertical, then the line of intersection of the
transmitted pulse with the seabed is a line
13 parallel with the line 12 and displaced
therefrom by a distance depending upon the
angle of pitch.

Tt will be appreciated that in the course
of a pitching movement, the angle of pitch
of the ship varies continuously. Consequently,
the line 13 will move away from and then
back towards the line 12 and will then cross
over to the other side of the line 12, and so
on. For one particular pitching angle 6, the dis-
tance between the lines 12 and 13 is d tan 6,
as can be seen from a consideration of the dis-
tance between point P, imediately below the
ship, and point P,. If we now consider a point
P. which is the intersection with the seabed,
of a pulse transmitted at an angle y in the
vertical plane, when the ship has a pitch angle
of ¢ this intersection will be moved to point
P,. It will be seen that approximately the same
error could result if the ship had no pitching
motion but had an angle of yaw of which the
tangent is approximately

d tan ¢

i.e. approximately
d tan 6
dtanvy ’

Thus, if the beam transmitted at this angle in
the elevational plane is given such a yaw
angle (in addition to any yaw angle required
to compensate for yaw movement of the ship),
the point of intersection of the beam transmit-
ted with an angle v in the vertical plane, with
the seabed, will again be P,. For each point
along the line 12 (except immediately under
the ship) there is an angle of yaw which, if
applied to the beam, will correct for the pitch-
ing angle 6 of the ship, Because this angle

65

70

75

of yaw includes in the divisor the term d tan .

v representing the distance from a point below
the ship to the point at which the wave reaches
the seabed, transmitted waves in different ones
of the vertically spaced arrays, having differ-
ent values of R, will be transmitied with
different yaw angles to compensate for a given
pitching angle of the ship.

This analysis is only approximate and a
correction in yaw alone could mot provide
the pitch compensation necessary for the sea-
bed area directly under the ship. In the pre-
ferred form of the invention, we overcome
this difficulty by using a curved array. Figure
15 shows diagrammatically in a vertical plane
the curved mounting 14 for the transducers
and the lobes 16 leaving the transducers.

Figure 2¢ is a diagram representing an
elevation through the survey ship and shows
the different lobes 16, side by side in the
vertical plane but slightly overlapping one
another. Figure 25 shows in plan view the
lobes 16 overlapping one another along the
line 12 on the seabed. In this example, six
lobes 16 are shown but there can be more
than this, for example ten lobes. The sub-
sidiary lobes 18 can be disregarded for the
present purposes. As before, in the absence
of differential swinging of the lobes to counter-
act pitching movement of the ship, the multi-
Tobe pulse seems to run out from a point under
the ship along the common axis of the over-
lapping lobes.

Figure 3 shows a transmitter panel for
obtaining the pattern of angularly spaced lobes
in the vertical plane. The projector arrays 20,
consisting of a number of horizontally spaced
transducers, are vertically spaced from one
another on a curved panel 22, the different
angles of the arrays (in the vertical plane)
due to this curvature being responsible for the
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different directions of the lobes in the vertical
plane, giving substantially even illumination
of the full 90° lateral elevation sector and
also allowing full pitch and yaw correction.
If there are ten lobes, there are ten protector
arrays, and in one example, each array had
32 transducer elements, the adjacent clements
being separated horizontaly by a half-wave-
length to provide a steering sector of 30°, with
the phase shift available in the drive circuits
of this example.

Figure 4 is a block diagram of the elec-
tronic circuits for one transmitter transducer
array. The transducer elements of an array
are all driven at the carrier frequency but
with variable relative phases, adjustment of
the signal phases in a progressive manner
across the array allowing the formation of a
steerable transmitted beam of narrow width
and minimal side lobes,

The phase difference between transmitted
signals is derived in the following manner. The
carrier frequency f is produced in this example
by counting down from a crystal oscillator of
frequency 64f, using a separate 6-bit binary
counter for each transducer. Clearly, the tim-
ing or phase of the counter outputs can be
varied in discrete steps of 1/64f seconds by
alternation of the timing of gates which feed
the clock signals to the digital counters,

In this example, the transmission pulse has
a minimum repetition frequency of 3 per
second and is intiated by a pulse of length
316 microseconds occurring every 333 milli-
seconds. This pulse opens gate 30 (Figure 4)
and the gate is held open for the period of
316 microseconds. The pulse is generated by a
conventional counter circuit driven by the
master clock,

The pulses from the master clock passing
through the gate 30 are applied to a counter
32 which has g number of parallel connections
between its counting stages and correspond-
ing stages in a timing logic circuit 34. The
timing logic circuit is controlled by a beam
angle demand signal. As an example of this
control, if the beam angle is such as to require
delays between adjacent transducer transmis-
sions equivalent to the period of five of the
pulse periods of the master clock, the circuit
34 will provide one pulse in very five from
the master clock at its output. These selected
pulses are counted in a 5-bit counter 36 which
has 32 output connections, that is to say one
for each of its possible counting combinations.
These 32 output connections go to beam phase
logic circuits 37 which control thirtytwo phase
gates 38, The effect of this is that the thirty~
two phase gates open in turn at equal intervals
(five pulse periods of the master clock, in the
example described). The thirtytwo phase gates
38 also receive the master clock signal and
thus open in sequence to pass this signal
through to thirtytwo 6-bit digital counters 40,
These act to divide the master clock pulses

which they receive by sixtyfour. Tt will be seen
that in the example described the first counter
40 would provide output pulses at 0, 64,
128 .. .. pulse periods of the master clock;
the second digital counter would provide out-
put pulses at 5, 69, 133 . . . . pulse periods
om the master clock; and so on. Thus, the
output of each digital counter is a pulse train
at the carrier frequency and each digital coun-
ter 40 drives a corresponding transducer 42
through a buffer circuit 44 and a resonant
drive circuit 46. The drive circuits are reson-
ant power amplifiers operating at the carrier
frequency. Silicon power transistors switch
through pulse transformers to provide the
final drive for each transducer.

In this way the relative phases of the trans-
ducer transmissions is controlled in accord-
ance with the beam angle demand, and the
phase differences have the effect of adjusting
the angle of the radiation lobe of the trans-
mitter.

If desired, the width of the pulse which
opens gate 30 can be decreased, in order to
permit the scan rate to be increased and to
allow the vessel to travel faster while main-
taining the same forward sounding spacing.
However, this is achieved at the expense of
depth range.

As explained above, with the curved array
the selective or incremental demand for ship
pitch and yaw is different for each strip. The

demand is computed using signals from the’

ship reference platform which represent the
pitch and yaw angles.

The refative phasing of the incoming signal
as measured by the different transducer ele-
ments provides the angle of the returning sig-
nal with respect to the array. To reconstruct
seabed contours, this angle is corrected for
ship roll and is used in conjunction with
range information as measured by the interval
between transmission and reception of the
pulse.

WHAT WE CLAIM IS:—

1. Sonar apparatus including a sonar trans-
mitter having in one plane a radiation pattern
made up of a number of angularly spaced lobes
and further including, for correcting data
derived by the sonar apparatus for pitching
error when the apparatus is mounted on a ship,
control means operative in response to any
specific value of a control input signal to
swing different lobes of the radiation pattern
to different extents in a direction perpendi-
cular to the said plane, the extent of swing
of each Iobe depending on the value of the
control signal, whereby when the apparatus
is arranged on a ship so that the said plane
is perpendicular to the longitudinal axis of
the ship and the lobes are downwardly
directed, and when the control signal varies
with the pitching angle of the ship, the amount
of swing for any lobe is in the yaw direction
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and varies in amount with the pitching angle
so as to reduce the effect of pitching movement
on the direction of transmission of the lobe.

2. Apparatus in accordance with Claim 1,
including transmitter transducers which form,
in the said plane, a curved array.

3. Apparatus in accordance with Claim 1,
in which the transmitter includes transducers
spaced along a transmitter strip extending in
3 direction perpendicular ta the said plane, and
in which the swinging of the lobes in the said
direction is effected by progressively delaying
the application of an energising waveform 10
the transducers spaced along the strip,

4, Apparatus in accordance with Claim 3,
including a pulse generafor, dividing means for
applying to the transducers in a strip pulses
at a frequency which is a sub-multiple of the
frequency of the said pulse gemerator, and
means whereby the application of the sub-
multiple pulses to the different transducers
along a strip is progressively delayed in order
to swing the radiation patterns of the trans-
ducer strip through a beam angle dependent
upon the delay between adjacent transducers.

5. Apparatus in accordance with Claim 4,
in which the means for progressively delaying
the application of the pulses to the transducers

includes means responsive to the pulse gener-
ator output and to the required beam angle
to select from the pulse generator output pulses
separated by a delay corresponding to the
required beam angle, and distributor means
for applying successive ones of the selected
pulses to different ones of a series of gates
which control, respectively, the series of trans-
ducers in a transmitter strip.

6. A waterborne craft carrying apparatus
in accordance with any one of Claims 1—3,
so arranged that the said lobes are angularly
spaced in 4 plane perpendicular to the longi-
tudinal axis of the craft and the swinging
of the lobes is effected in yaw.

7. A waterborne craft in accordance with
Claim 6, in which the sonar apparatus further
includes means for additionally selectively
rotating the radiated lobes in yaw in accord-
ance with movement of the craft in yaw.

8. Apparatus in accordance with Claim 1,
substantially as herein described with reference
to Figure 4 of the accompanying drawings.

For the Applicants,
GILL, JENNINGS & EVERY,
Chartered Patent Agents,
51/52, Chancery Lane, London, W.C.2.
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Abstract of JP 57046173 (A)

PURPOSE:To receive only the reflected wave

abeam to the advancing direction all the times in the
case the position of a school of fish is detected from
a ship underway, by sensing the doppler shift of the
reflected wave obtained by a fransmitied wave, and

compensating the amount of yawing.
CONSTITUTION:Vibrators 25-1-25-20 constituting a
wave transmitting and recieving body are provided
in parallel with a hull in one line. The output of the
100kHz crystal oscillator is divided, and the signals
comprising 60.65kHz for display and for measuring
the doppler shift are given to the vibrators 25-6-25-
15 from duplexers 24-6-24-15 via a power ampiifier
23. Then sonic waves having broad directivity is
transmitted. The reflected waves are inputted to the
vibrators 25-1-25-20 with narow directivity, given to
mixers 48-1-48-20 via the duplexers 24-1-24-20,
and sent to a recorder display part 49.; A part of the
input is inputted to a doppler sensing part 27, where
a yawing angle is computed 44 from the sensed
doppler shift and ship's speed data from a terminal
45, and the result is given to a tilt control part 46.
The compensation is performed by using the output

of the control part 46,
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Abstract of JP 61116678 (A)

PURPOSE:To enable easy and accurate detection
of positional relation between a ship and coastlines
and dangerous obstacles in a very clear manner, by
displaying a video diagonally below the water
surface and a submarine fopographic map in
superimposition one upon another on the same
screen, CONSTITUTION:A side looking sonar SLS
has ultrasonic transmitter/receivers 1 and 2 for right
and left sides on the right and left of the bottom of
the hull F to allow the searching of underwater
videos in a wide range below both sides of the hull
F. An image signal giving a video from the SLS and
an image signal from a topograph memory
indicating a sea bottom topographic map are shown
on the same screen of a raster-scan type display
unit.; The display screen is set in the direction Y
(time) and in the direction X (distance) and has fubiy
N<2> pixels as a whole to display videos on the ,
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Abstract of JP 4357487 (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 measuring position of own ship
and the bearing of navigation are read in form a
highly accurate position measuring device 23 and a
bearing measuring device 24 to determine an
intersection with a contour line based on the value
and a probing range inputted from a keyboard 25
beforehand. 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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An acoustic array transducer capable of forming narrow dispersion, broadband or narrowband acoustic beam sets in two dimensions
with a minimum aperture size, Concurrent yet independent electrical interfacing with array transducer elements allows simultaneous
formation of multiple transmit and receive beams inclined within two planar orientations normal to the array face, while requiring a
minimum amount of supporting circuitry. A method of economically and accurately fabricating the aforementioned transducer array by
incrementally dicing bonded layers of solid discs of transducer materials being rigidly held together is also disclosed.
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1

TWO-DIMENSIONAL ARRAY TRANSDUCER AND BEAMFORMER

Background of the Invention

1. Field of the Invention

The present invention relates to a planar array sonar transducer which simultaneously forms multiple, narrow

dispersion acoustic beam sets in two planar dimensiens normal to the array face.
2. Description of Related Technology

Transducers which simultaneously generate multiple narrow acoustic beams inclined outward in two axes
from a plane are currently used in different types of acoustic backscatter systems that measure velocity andfor
distance in two or three dimensions. Examples include Acoustic Doppier Velocity Sensers {ADVS) which employ a
simple set of four beams in a "Janus" configuration for two or three axis velocity measurement, sonars which

measure distance to target in the water (such as forward scanning sonars), and bottom mapping sonars.

ADVS's are widely used for measurement of vertical profiles of water current measurements and for earth
and/or water referenced velocity measurement for vessel navigation. They measure 3-axis velocities by measuring
velocity alony lines of position defined by narrow acoustic beams. A minimum of three beams oriented at different
directions are required to measure the three orthogonal velocity components. Typically four narrow (1-4°) conical
transmitireceive beams are employed pasitioned in two axes of a plane surface and inclined relative to the normal
to that plane. This configuration, well known in the acoustic arts, is referred to as a Janus configuration; the two

sets of narrow conical beams are symmetrically inclined outward and positioned at four 90° circumferential

increments on the surface of a larger (typically 60°) outward opening cone. Currently available transducertechnology ™

used to produce this four beam configuration include assemblies of 4-piston transducers or a pair of one-dimensional

phased array transducers (i.e., arrays in which acoustic beams are formed in one plane only).

Conventional 4-piston transducer assembiies consist of four independent circular piston-type transducers,
each producing a single narrowly dispersed conical transmitireceive beam directed normal to the piston face. As
shown in Fig. 1, the four transducers are physically positioned in a rigid assembly to achieve the required Janus beam
configuration. For conventional narrowband ADVS applications, each of these transducers requires an effective
transmit and receive bandwidth of approximately 2% of the nominal acoustic carrier frequency. Typical carrier
frequencies range from 100 kHz to 5 MHz. Each piston transducer is typically fabricated from either a single solid
disc of ceramic material or from a flat array of small ceramic elements. Modern broadband ADVS's operate with
fractional bandwidths on the order of 50%. They are also fabricated from solid ceramic discs or flat arrays, but
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have one or more additional impedance matching layers bonded to the face to achieve the required bandwidth. U.S.
Patent No. 5,343,443, "Broadband Acoustic Transducer", discloses such a system. The primary advantage of this
4-piston method is simplicity of the transducer construction and operation. Each piston transducer is driven by a

separate signal, and no beamformer circuitry is required.

Single beam transducers such as those previously described may also be beamforming arrays. These arrays
generally have all of the transducer elements electrically connected in parallel. Beam angle alignment is achieved
primarily by virtue of proper pesitioning of the piston. Disadvantages associated with such arrays include 1) the
requirement for a large, heavy mechanical structure to support the transducers; 2) the shape of its face, whether
concave or convex, does not lend itself to a smooth hydrodynamic form unless a thick, acoustically transparent
material with a flat face is attached to the front portion of the assembly; 3) a large aperture is required to form
the beams; and 4} accurate measurement of velocity requires that the speed of sound at the transducer face be

known,

An improved transducer physical configuration for producing the four Janus configuration beams in 2 axes
for ADVS applications is to use a pair of one-dimensional phased array transducers. As shown in Fig. 2, a single
one-dimensional pianar array produces two conical beams inclined relative to the direction perpendicular to the
longitudinal axis of the array (see U.S. Patent No. 4,641,281, "Phased Array Doppler Sonar Transducer”). To
produce the four ADVS beams, two adjacently positioned arrays are used, with one rotated 90° relative to the other
ahout the aforementioned perpendicular direction. Since each one-dimensional array utilizes a single aperture, which
is only slightly larger than a single beam piston, to produce two beams, a factor of approximately two improvement

in aperture spatial efficiency is realized relative to the multiple piston approach.

One-dimensional phased arrays are typically constructed with parallel line arrays separated by a half

wavelength of the carrier frequency. Each line array may be constructed using a number of smafl-square-or circular -

ceramic elements wired in parallel on both faces, or from a singular, elongated rectangular element. Alternate fine
arrays are wired together electrically in parallel to provide the necessary beamforming functions. One such wiring
arrangement involves electrically.connecting each fourth line array in parallel. Both circular and rectangular array
geometrigs are used. To produce a beam dispersion of 4° required for a typical ADVS, an aperture of about 16
wavelengths (32 elements spaced at 1/2 wavelengths) in diameter is required. For typical ADVS operating
frequencies in the range of 100 kHz to 5 MHz (single piece commercially available line elements normally operate
in this region), an array of 32 parallel long elements is preferred over a 32 X 32 diced array (i.e., one which is cut

or diced from a single solid element) due to production assembly cost advantages.

When the array is operating in the “receive” mode {i.e., receiving incoming signals), a simple phase shift

beamformer is used to phase shift the signals received by the two arrays (assuming the configuration previously
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described) by +80° to compensate for the time delay produced by acoustic propagation over the half wavelength
path length in the medium between alternate line arrays. A phase shift is an appreximation to time delay which is
valid only for narrow fractional bandwidth signals. For na'rrowhand signals, the summation process forms two raceive
beams inclined to the flat array plane surface. When operating in the “transmit" mode, the two arrays are driven
by narrowband signals with appropriate relative phase shifts to form the four (two per array) simultaneously

transmitted beams.

When these phased arrays are driven by wideband signals, the different frequencies contained in the signals
are dispersed from theAtransducers in different anguiar directions, effectively broadening the beams. The phased
array technique forms narrow beams only when signal bandwidths are less than about 3%. This is adequate for
narrowband ADVS applications, but falls short of the bandwidth associated with modern broadband ADVS systems
by a factor of roughly between 8 and 16 (see, for example, U.S. Patent No. 5,483,499, "Broadband Acoustic Doppler

Current Profiler”).

An improvement in bandwidth/dispersion performance can be obtained for the pair of one-dimensional phased
array transducers previously described by replacing the simple 90° phase shifting beamformer network (in both
transmit and receive modes) with a more complex time-delay network. Use of the time delay decouples frequency
from the relative angle of incidence of the received/transmitted wave, thereby reducing angular beam spreading in
farge bandwidth applications. With this time-delay array method, each of the individual line array signals are time
delayed and summed together to form a composite signal which is independent of the angle of incidence. The

primary drawback associated with this technigue is the more complex transmit and receive beamformer.

An added performance benefit of the phased and time-delay array approach is that, for the ADVS

application, the velocity components parallel to the array face are inherently self-correcting for changes in the speed

of sound through the medium. As the speed of sound varies, differential path lengths and thetorresponding time

delays associated with various array transducers will vary accordingly. Seif-correction results from the fact that
the beam angle varies with the speed of sound in such a way as to directly compensate for errors in computing the
velocity component parallel to the transducer face {usually horizontall. This minimizes, but does not completely

eliminate, the need to measure sound velocity at the transducer face for high accuracy navigation.

Thus, relative to 4-piston assemblies, one-dimensional phased arrays provide improved spatial efficiency for
fixed beam characteristics, have a flat face for better hydrodynamic performance, and have improved velocity
resolution in media with varying sound propagation velocities, yet do not adeguately support broadband ADVS
operation. One-dimensional time-delay arrays have the added benefit of supporting broadband ADVS operation as

well.
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One-dimensional phased and time-delay array technigues are also commonly used for bottom mapping and
forward scanning applications to form more than two beams within 2 single plane of the array face. For these
applications, multiple phase andor time-delay beamformers are coupled to a single one-dimensional array, each
beamformer having different phase/time-delays to simultaneously form muitiple beams at different angles of inclination
relative to the array face, but all within a single planar orientation perpendicular to the array face. f measurement
in a second planar orientation is required, two adjacent one-dimensional phase or time-delay arrays are used, with

one physically rotated 80° from the other as previously described.

For each of the above mentioned techniques of forming multiple acoustic beams inclined within two planes
perpendicular to the array face plane, an aperture of at least twice the siie of that required to form any single
narrow beam is necessary. It is possible to form two or more conical beams within two planes perpendicular to the
array face if the proper signal can be provided to each elsment of the array. The formation of four beams in two
perpendicular planes from a single planar array is depicted in Fig. 3. It is well understood in the art that such planar
arrays can form beams centered around arbitrary angles relative to the array face if appropriate phase shifts are
introduced between individua! transducer elements; this concept has been in use for many years in radar antenna
arrays and to a lesser extent in sonar transducer arrays. It is also well understoad that beam forhing for wide
bandwidth applications requires true time delays between elements to compensate for the time delays produced by

propagation over different path lengths in the medium associated with different elements.

A substantial reduction in the size, weight, and cost of the ADVS transducer assembly could be achieved
if four inclined beams oriented in two planes perpendicular to the array face ceuld be formed from a single planar
array of transducer elements, using the full available aperture to form all beams, as shown in Fig. 3. To accomplish
this, a 32 x 32 array of about 800 elements is required, with the array elements precisely aligned at 1/2 wavelength

increments in both plane face dimensions, i.e., with respect to the X-Y coordinate system of Fig. 2. Assembly of

this precision array from 800 individual elements is relatively complex. Complex-phase and/or-time-delay circuitry~

is also required to support beamforming in two dimensions for this large number of elements, Using existing array
technology, a separate power amplifier and phase andlor time-delay circuit would generally be required for each
individual element of the array. These array fabrication and beamformer complexity factors make the use of a two

dimensional planar array an economically impractical solution for nearly all applications.

Hence, it would be highly desirable to provide an improved planar array which could produce narrow
dispersion beam sets in two dimensions relative to the array face within a substantially reduced aperture, and which
would utilize simplified phase andjor time-delay beamforming circuitry to support the large number of individual
transducer elements inherent in such arrays. Furthermore, it would be highly desirable to provide an efficient and

cost-effective method of fabricating the aforementioned array to make its manufacture and use economically practical.
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5.

Summary of the invention

The present invention satisfies the aforementioned needs by providing an improved system and method of
forming a mutti-planar narrowband or broadband beam set inclined relative to a transducer array face, with reduced

aperture area. A cost effective and simplified method for manufacturing the transducer array is also disclosed,

In a first aspect of the invention, each 2-axis beam set formed from the single 2-axis planar array of
transducer elements uses all of the elements in the array and the full available aperture to form each of the beams.
From an aperture spatial efficiency viewpoint, this is an optimal approach to forming multiple narrow 2-axis beams,
because each beam can be made as narrow as allowed by the available aperture area. The overall aperture area
will be minimized for a given beamwidth of each of the multiple 2-axis beams. Relative to the previously described
4-piston approach, the aperture diameter is reduced by a factor of 2.5, (a factor of 6 for the area), the transducer
face is substantially more hydrodynamic {thereby reducing flow resistance, noise, and potential inaccuracies resulting
from air coalescing near the aperture), and the transducer assembly volume is reduced by a factor of roughly 10.
Relative to the previously described dual 1-dimensional array approach, the aperture area is reduced by a factor of

two.

in a second aspect of the invention, the multi-planar (2 axis} array disclosed herein utilizes a greatly reduced
number of phase or time-delay beamforming circuits relative to the number of elements in the array. The capability
to produce multiple narrow beams in two axes from a single planar array is achieved by a method of electrically
interfacing independently with the two sides of the array permitting independent and simultaneous formation of
multiple inclined transmit and receive beams in two dimensions of the array plane. This is accomplished by
electrically connecting together the backside rows and frontside columns of the array, connecting the backside and

frontside parallel sets to beamformer networks which have a low electrical impedance (relative to the impedance of

the rows and columns) in both the transmit and receive mode of operation, and processing the transmitireceive

signals to/from the two array sides to simultaneously and independently form multiple inclined transmit/receive beams

in two dimensions of the array plane. The two directions are normally but not necessarily orthogonal to each other.

In another aspect of the invention, a cost effective method of fabricating the planar array of approximately
800 precisely aligned elements is disclosed. While, as previously described, pripr art one-dimensional multibeam
arrays may be fabricated from an array of on the order of 32 long rectangular transducer elements of about 1/2
wavaelangth in width, the preferred embodiment of the present invention requires the use of array elements which
have dimensions of approximately 1/2 wavelength of carrier freguency in both face dimensions. Furthermore to
achieve the necessary bandwidth for broadband applications, each element must be constructed of several layers of
different materials which must be bonded together. Hence, an array of roughly 800 multi-layered elements (32 x

32) is required to be precisely assembled in a cost effective manner to make the aforementioned design economically
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feasible. To accomplish this, an improved method of fabricating this compiex array is disclosed in which several
cylindrical discs (each having a diameter equal to that of the final array) are sequentially bonded together and
partially sliced with a parallel diamond bléde saw at various stages of the process such that at all stages of
fabrication, the sliced elements are rigidly held together by a solid layer. When completed, the array is internally
diced into the desired form with the required precision, and held in shape by the combination of a mechanically rigid

and acoustically transparent front facing and a solid backing disc.

The aforementioned simplified design and fabrication techniques make it economically practical to produce
cost effective commercial products with the form and performance advantages of the 2-dimensional fiat array. The
prasent invention provides significantly improved performance for typical ADVS (ie. a four beam 150 kHz transducer
with 4° one-way beamwidths) applications. These and other objects and features of the present invention will
become more fully apparent from the following description and appended claims taken in conjunction with the

following drawings.

Brief Description of the Drawings

Fig. 1 is a top view of a prior art 4-piston transducer array in Janus configuration.

Fig. 2 is a perspective view of a prior art one-dimensional phased acoustic array, illustrating the formation
of two narrow acoustic beams.

Fig. 3 is a perspective view illustrating a typical configuration of four acoustic beams inclined relative to
the array normal (i.e., Z-axis) and positioned within two planes perpendicular to the array face plane (i.e., X-Y plane),

Fig. 4 a functional block diagram of the preferred embodiment of the two-dimensional transducer array,
including the method of electrical array element interconnection, and the method of array-to-beamformer
interconnection to the transmit and receive beamformars.

Fig. 5 is a functional block diagram illustrating the operation of a simplified sixteen element 2-dimensional
phased array transducer operating in the receive mode.

Fig. 6 is a functional biock diagram illustrating the operation of a simplified sixteen element 2-dimensional
phased array transducer operating in the transmit mode.

Fig. 7 is a functional block diagram illustrating the operation of a simplified sixteen element 2-dimensional
time-delay transducer operating in the receive mode.

Fig. 8 is a functional block diagram illustrating the operation of a simplified sixteen element 2-dimensional
time-delay transducer operating in the transmit mode.

Fig. 9 is a perspective view fllustrating the formation of multiple beams in two planes perpendicular to the
face of an array using the time-delay technigue.

Fig. 10 is a top view of one preferred circular 150 kHz transducer array with 800 individual square faced

piezo-glectrical ceramic elements closely spaced at a center-to-center distance of Smm.
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Fig. 11 is a perspective view of one preferred embodiment of the transducer assembly with the thickness
dimension expanded to illustrate the layered construction thereof.

Fig. 12 is a schematic block diagram of one preferred embodiment of the time-delay receive beamformer
used in conjunction with the present invention.

Fig. 13 is a schematic biock diagram of one preferred embodiment of the time-delay transmit beamformer
used in conjunction with the present invention.

Fig. 14 is a graph of signal amplitude versus beam angle (measured from the Z-axis, normal to the array
face) for a 150 kHz nominal 32 x 32 phased array transducer, as viewed in the X-Z or Y-Z planes, illustrating the
formation of acoustic one beam.

Fig. 15 is a process diagram illustrating the preferred manufacturing process for fabricating the preferred

array transducer of the present invention.

Detailed Description of the Preferred Embodiment

Reference is now made to the drawings wherein like numerals refer to like parts throughout. The discussion
in this section is organized with headings as follows: Functional Description, Hardware Description and Fabrication

Description.

1. Functional Description:

A block diagram of the preferred embodiment of the two-dimensional transducer array is shown in Fig. 4.
A typical planar acoustic transducer array configuration 100 is depicted. Individual Array elements 102 are
electrically interconnected along front-side columns 104 and back-side rows 106. Array elements 102 are

interconnected to the associated beamformer 108, 110 through 2-axis transmitireceive (T/R) switches 118. The

transmit 108 and receive 110 beamformers may be either phase or time-delay beamformig nefiworks. The

coordinate system used for the purposes of this description is as shown with the rows 106 oriented in the X axis,

columns 104 in the Y axis, and the Z axis normal te the plane face 116,

The array face 116 is circular, but other form factors such as ellipses or polygons which are generally
symmetrical in the two face dimensions are also suitable for forming narrow inclined beams of general conical form.
The array is composed of a large number of small elements 102 which have symmetrical faces, typically square,
circular, or rectangular in form (i.e., their facial crossection). The face width of each element is approximately 0,54,
where A is the acoustic wavelength in water of the desired center frequency. To form beams with 4° beam width,
an array diameter of approximately 164 is required, consisting of a 32 X 32 element array of approximately 800
elements. The back side rows 106 (X direction) and front side columns 104 (Y direction) of the array elements are
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electrically connected together along parallel lines of elements with thin acoustically transparent material, as shown

in Fig. 4. The rows and columns are normally but not necessarily orthegenal to each other.

Each of the array X axis rows 106 and Y axis columns 104 are connected to a T/R switch 118 which,
as controlled hy a T/R logic signal 120, electrically connects the sets of X and Y lines to respective X and Y receive
beamformers 110 in the receive mode, and to X and Y transmit beamformers 108 in the transmit mode. When in
the transmit mode, the array lines are connected through the T/R switch 118 to the transmit beamformers 108
which provide the electrical transmit drive signals from a low impedance electrical source {relative to the elactrical
impedance of the line of transducer elements). When in the receive mode, the array lines are connected through the
TIR switch to receive beamformers 110 which receive the electrical signals from the transducer lines while providing
a low electrical impedance path (relative to the electrical impedance of the fine of transducer elements) to signal

ground on each X and Y fine.

This low electrical source/load impedance on each Y and Y line (low source impedance during transmit and
low load impedance during receive) allows simultaneous and independent access to each X row 106 and Y column
104 for application of transmit electrical drive signals and receipt of signals from each X row and Y column.
Furthermore, parallel sets of X and Y axis line arrays can be simultaneously and independently formed. X-axis
transmit and receive line arrays are formed by the parailel electrical connection along the back side rows 106 and

the presence of the low impedance signal ground on all of the front side Y-axis columns 104.

During transmit made, transmit drive signals are applied through the T/R switch to the parallel X-axis back
side electrical interconnection fines from a transmit amplifier which has a low output impedance relative to signal
ground. While the X-axis drive signals are being applied to individual X-axis line arrays, the entire Y-axis 32 parallel
line array face is maintained as a low impedance path to signal ground (via the signal path through the Y-axis T/R

switch 118a to the low impedance Y-axis drivers of the Y beamformer 108a) fo ensure that the"X-axis drive signal -

is imposed solely across the X-axis rows, and does not couple to the Y-axis side of the array. Similarly, while the
Y-axis drive signals are being applied to Y-axis line arrays, the entire X-axis array face is maintained as a low
impedance path to signal ground to allow signals to be independently applied the Y-axis without coupling to the X-
axis, Thus, by superposition of both X and Y axis transmit drive signals, the low impedance associated with the
transmit beamformer sources permits X- and Y-axis fine transmit arrays to be formed simultaneously and

independently.

During receive mode, the electrical signal present on each X-axis row 106 {with the front side low
impedance path to signal ground} represents the sum of the received electrical signals of all elements in each row.
Most conventional sonar receiver amplifiers provide a high impedance load to the receiving transducer, However, for

the 2-dimensional array application of the present invention, an amplifier has been developed for use in the receiving
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beamformer which provides a low impedance load while receiving. This is accomplished by connecting each of the
X and Y-axis lines to a virtual ground node (a point having the same potential level as ground but not directly
connected to ground) en the réceiving preamplifier within the receive beamformers. The signal current flowing into
each virtual ground node is the sum of the signal currents from all the ceramic elsments in the column or row.
When receiving signals from a column, the column signal is independent of the row signals being simultaneously
received due to the low impedance load presented by the virtual ground on all rows. Similarly, when receiving signals
from row, because of the low impedance load presented by the virtual ground on all columns, this row signal is

independent of the column signals being simultaneously received.

This independent and simultaneous X row and Y column electrical access during both transmit and receive
medes via the X and Y signal fines allows the array to be used as a 2-dimensional array to simultaneously and
independently form multiple inclined acoustic beam set in both the X-Z and Y-Z planes. The beamforming operation
in each plane is the same as conventicnal 1-dimensional phased andjor time-defay arrays. Thus, the 2-dimensional

beamforming operation is in general the equivalent of two everlaid 1-dimensional arrays, with one array rotated 90°.

During transmit mode operation, phase or time-delayed signals applied to the X rows form inclined acoustic
transmit beams in the Y direction (YZ plane). Simultaneously and independently, phase or time-delayed signals appliad
to the Y columns to preduce inclined acoustic transmit beams in the X direction (XZ plane). During receive mode
operation electrical signals received on the X rows are phase or time delayed and combined in the X row receiver
beamformer to produce inclined receive acoustic beams in the Y direction. Simultaneously and independently, signals
received on the Y columns and combined in the Y side beamformer produce inclined receive acoustic beams in the
X direction. Thus, through superposition of the X and Y axis electrical and acoustic signals, 2-dimensional acoustic

beam formation from a single planar array in both transmit and receive modes is achieved.

To understand the fundamental principles of operation hew these two-timensional transmit and receive -

acoustic beams are formed, the operation of sixteen element array subset of the 32 X 32 element two-dimensional
array transducer is considered, Operation with both phase (narrowband) and time-delay (narrowband or broadband)

beamformers is described herein.

Phased Array Operation

Operation of a sixteen-eilement (4 X 4) subset of the previously described two-dimensional array with a
phase-shift beamformer is illustrated in Figs. 5 and 6. During receipt of a long tone burst acoustic signal at a single
frequency (narrowband), f, with wavelength, A = cff, where ¢ is the sound propagation velocity in the fluid media,
incoming sound ray wavefronts 200 traveling in the -X direction and at an angle 6 202 with the Z axis {Z being
normal to the array plane, or normal to the plane of the Figure) travel different distances to each of the Y-axis
{frontside) column line-arrays 204, and thus strike each of the fine arrays at different times, and in general, with
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different phases. As illustrated in Fig. 5, the path length differences between adjacent line-arrays (a) 206 is related

to the element center-to-center separation distance {d} by
a = d sind.
The wavefront arrival time differences (7) between adjacent ling-arrays is
T = aje = {djc)sin®
If the elements are spaced at distances corresponding to a half-wavelength of the arriving narrowband signal {d =
Al2), the path length difference expressed in terms of arriving signal wavelengths is given by

a = {Al2)sind.

For an arrival angle of 30°,
a = [(A/2)sin30 = A4,

This corresponds to an inter-element angular phase shift of 90° for arriving narrowband signals. Thus, when the

narrowband pulse is being received by all Y-axis line-arrays with the backside coupled to the low impedance virtual
grounds 208 as described above, the received electrical signal phases along the set of four Y-axis line-arrays will
be 0, 90, 180, and 270 degrees, respectively.

Receive operation of the frontside {Y) columns with the backside rows 106 all coupled to signal ground in
the X-axis receive beamformer 110b will first be considered. Each set of four X-axis electrical signals (in the 4x4
array used for iflustration) are connected to virtual ground nodes 208 in the receiver preamplifier of the receive
beamformer 110a to form a signal reference for the backside rows, and phase shifted -90° between adjacent line-
arrays {0, -90, -180, and -270 degrees), as shown. The imposed phase shifts compensate for those arising from
the different inter-element path lengths of the narrowband acoustic pulse incident on the line arrays, as illustrated
in Fig. 5. The resulting four signals 210 will be in phase and, when summed, will form a maximum acoustic
interference pattern when receiving a wavefront arriving at a 30° incidence angle. This maximum corresponds to

the central axis of one of the main lobes of the formed beams.

A second receive beam can be formed for incoming sound ray wavefronts traveling in the -X direction and
at an angle 6 with the Z direction {at a -30° incidence angle) by reversing the sign of the 90° imposed phase shift
on the four signals and summing the signals. Since the set of four signal phases repeats for additional sets of four
line-arrays, farger arrays can be implemented by summing the signals from all sets of four line-arrays to further

enhance the interference patterns at + 30°. When additional sets of four fine-array segments are utilized as
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described, the acousﬁp signal gain along the + 30° directions is increased, or correspondingly, the beamwidth in that

direction is reduced, as additional sets of arrays are added.

An equivalent beamforming methed is to first sum all of the equal phase signals from different array sets,
then apply the imposed 90° phase shifts between the summed set of four signals. This can be accomplished by
simply electrically connecting each fourth line-array in parallel, as is commonly done in practice for one-dimensional
phased arrays as previously described (see Fig. 2). The effective beamwidth in the X direction is determined by the
number of fine-array sets in the array. In the Y direction, the beamwidth is determined by the beam patterns of the
fing-arrays, which is inversely proportional to the length (in acoustic wavelengths) of the array lines. For the ADVS
application, narrow inclined acoustic beams with similar widths in both planes are desired and the X and Y plane

dimensions are maintained ahout the same.

During the transmit mode, operation of the 2-axis array is similar to the above described receive mode
except the flow of signals is reversed, as illustrated in Fig. 6. Transmit operation of the frontside columns with the
backside rows all coupled to signal ground will first be considered. A long tone burst carrier frequency 300 is
applied to a phase shift transmit beamformer 108a, generating four drive signals with relative phases of 0, 90, 180
and 270 degrees. These are applied to the four parallel wired sets 302 of Y columns from low impedance drivers.
The imposed phase shifts will compensate for these arising from the different path lengths between line arrays, and
a transmitted acoustic signal interference pattern at a 30° incidence angle will be formed, corresponding to the
center of one of the main beam lobes. Another transmitted beam can be formed at a -30° incidence angle by

reversing the sign of the 90° imposed phase shift as previously described.

Receive and transmit operation in the Y-axis is the same. When considering signals applied and received

from the backside rows, the frontside columns are coupled through a low impedance to signal ground. The presence

of the low transmit drive and receiver load impedance to ground on each side results in fully independent X and Y~

axis operation. From superposition of the X and Y axis signals, it can also be seen that both axes (ie., rows and
columns) can be in operation simultaneously.

The above described 2-axis beamforming technique using fixed phase delays in forming narrow transmit and
receive beams and is referred to as a "two-dimensional phased array” transdueer. It is suitable for use in
narrowband applications which transmit a single frequency {narrowband) long tone burst, Four inclined narrow beams
positioned in the X-Z and Y-Z planes and all inclined at an angle relative to the Z direction are formed from a single

flat array aperture, as shown in Fig. 3.

From the sound ray diagram in Fig. 5, it is seen that for a fixed element spacing of d, the angle of each

beam is related to the acoustic frequency by
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6 = sin'{Ajad) = sin{c/afd).

Thus, the heaﬁ angle will be frequency dependent and, if the incoming or outgoing wave has a broad spectrum, the
mainlobe beam pattern will be correspondingly broadened in angular space. Because of this bandwidth induced beam
spreading, the phased array technique described above does not work with broadband ADVS's which transmit signals
with a broad spectrum (typically 20-50% of the carrier frequency). To use this 2-dimensional array method with

broadband signals requires an aiternate time-delay beamforming method, as described in the following paragraphs.

Time delay Array operation:

As previously shown, incoming sound ray wavefronts traveling in the -X direction at a velocity ¢ and at an
angle 6 with the Z direction, strike the various Y-axis front side column line-array locations at different times due
to the path length differences between adjacent line-arrays. The path length distance difference, a, was shown to
be equal to d sind. The corresponding path length time delay difference (7) is {d sinB)jc. While the phased array
employs a beamformer which compensates for the inter-element phase delays which apply enly for narrowband
signals, the time delay array employs a beamformer which compensates for the inter-element time delays which apply

for signals of broader frequency band.

Considering now the receive mode of operation of a 4 X 4 array subset as illustrated in Fig. 7, with the
backside rows connected to virtual ground in the X-axis receive beamformer 110b, each set of four Y-axis electrical
received signals are connected to virtual ground nodes in the receiver beamformer amplifiers 402 to form a signal
reference for the backside rows. The amplifier outputs are applied to a tapped bidirectional time-delay summing
network 404 as shown in Fig. 7. The imposed inter-element electrical time delay 406, r, compensates for the time
delay arising from the different inter-element path lengths of the arriving acoustic signals, resulting in formation of

two beams in the + X-axis {X-Z plane) at incidence angles of
6 = sin'{cr/d).

By inspection of this equation, it can be appreciated that the beam angles are now independent of the acoustic
frequency, and thus not spatially broadened in space by a broad frequency spectrum. This broadband capability is

the primary benefit of the time-delay technique over the previously described phase shift tachnique.

During the transmit mode, operation of the 4 X 4 array is similar to the above described receive mode
except the flow of signals is reversed as illustrated in Fig. 8. Considering first the operation of the frontside columns
with the backside rows all coupled to signal ground in the X-axis beamformer 500, the transmit signal 502 is applied
to a time delay transmit beamformer 504, generating four drive signals with relative time delays 508 of 0, 7, 27,

and 37. These are applied to the four parallel wired sets 506 of Y columns from low output impedance drivers.

RAY-1002
475 of 737




10

15

20

25

30

35

WO 98/15846 PCT/USY7/18061
.13
The imposed time delays compensate for the time delays arising from the different path lengths between line arrays,
and a transmitted acoustic signal interference pattern at an incidence angle 6 will be formed, corresponding to the
center of one of the main beam lobes. Another transmitted beam can be formed at a -8 incidence angle by reversing

the direction of the signal flow through the time delay network.

Time-delay array receive and transmit operation in the ether dimension (Y-axis) is completely analogous to
that previously described. In Y-axis operation, signals are applied to and received from the backside rows while the
frontside columns are coupled through a low impedance to signal ground. The presence of the low transmit drive
and receiver load impedance to signal ground on each side results in complete independence of X and Y axis

operation; accordingly, both X and Y axes can be in operation simultaneously.

For large arrays, the aforementioned time-delay method is more complex to implement than the phase shift
method because a separate time delay element is required between each individual line-array, whereas only four
discrete phase shifts are required when utilizing the phase shift method. A 32 element time delay netwaork is
required for a 32 element array, thereby substantially increasing the complexity of a time delay array over a
corresponding phased array of similar size. A further advantage of the time delay approach (in addition to the ability
to form narrow beams in broadband operating environments} is that because the beam angle 6 is determined by sin’
Yer!d) for a single fixed array physical configuration (element spacing d being fixed), multiple inclined beams in each
axis can easily be formed by using a different set of time delays for each beam set. This concept is illustrated in
Fig. 9. In this example, four sets of 4-beam combinations 550 oriented symmetrically about the Z axis 552 at four
inclination angles @ are achieved by utilizing four sets of X and Y beamformers (BF1X - BF4X 554 and BF1Y - BF4Y

556), each set operating as described above for the basic time-delay array.

2. Hardware Description

As can be appreciated from the previous description, the present invention may be embodied to produce
many combinations of 2-axis inclined beams with different carrier frequency, beam characteristics and signal
bandwidth capabilities. The specific preferred hardware embodiment described in this section employs the time-delay
beamformer which was functionally deseribed in the previous section, and produces two narrow beamwidth broadband

beams at a 1560 kHz carrier frequency in each of two axes for use in ADVS applications.

The hardware associated with the preferred embodiment disclosed herein is comprised of a circular
transducer array and two substantially identical beamforming networks, each of which provide the electrical signal
transfer to form two inclined transmit/receive beams. A top view of the transducer array is provided in Fig. 10.
The diameter D 600 of the array is approximately 160 mm. There are 800 individual square faced 150 kHz piezo-
elactrical ceramic elements 102 closely spaced at a center to center distance of 5 mm 604 (about 1/2 wavelength

at 150 kHz, based on a propagation velocity of roughly 1500 mjs).
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The multilayer construction of the transducer array is illustrated in the three dimensional view shown in
Fig. 11. This thickness dimension in this view is expanded to show the iayered structure. The ceramic array
elements 700, e.g., the 800 elements 102 shown in Figure 10 are electrically and mechénically connected by two
pieces of thin, acoustically transparent flexible printed circuits (FPC) 702, 704 on the top and bottom surfaces of
the ceramics. Such circuits may be fabricated from Kapton™ {polyimide} or other suitable material. Electrical
connection to each ceramic element 700 is achieved by press fitting and bonding {or alternatively, low temperature
soldering) the printed electrical conductor lines to the conductive face of the array elements. Bonding may be
accomplished by use of a suitable adhesive or glue, although it can be appreciated that other forms of bonding may
also be suitable. The connection pattern is along element columns on the front side and along rows on the back
side, with access to columns on one side (Y wires 705) and rows on another side (X wires 707). A piece of 1/8
inch {3.18 mm) thick fiberglass material 706 {such as that bearing the tradename "G-10" or other similar material)
with face dimensions matching the ceramic is bonded to the front of the top flexible circuit on each 150 kHz
transducer array. This fiberglass (G-10 or equivalent) piece is an acoustic quarter wave transformer used to improve
the impedance coupling between the array and water, and to significantly increase the transducer element bandwidth,
The significant increase in the transducer bandwidth is required by the broadband ADVS technology. A fayer of
urethane 708 bonded to the front of the fiberglass piece seals the face to the water in front. A layer of air filled
cardboard 710 is placed between the back plane of the housing 712 and the back of the bottom flexible circuit to
reflect the acoustic energy transmitted backward and te provide the necessary mechanical support against the water

pressure incident on the front of the transducer array surface 714.

The preferred time-delay receive mode beamformer circuitry {one axis only) is illustrated in Fig. 12. In the
receive mode of operation, the received signals from all frontside columns and backside rows 104, 106 are coupled
to the X and Y axis beamformers 110a, 110b, respectively, through T/R switches 118. Each T/R switch is
implemented with a Field Effect Transistor (FET) 806 in series with the receiver amplifier input terminals 808. A

virtual ground low impedance load on all X and Y lines during receive mode operation is implemented with a high gain”

differential preamplifier 810 which has a low noise figure when coupled to the relatively low impedance transducer
line arrays. Each X and Y transducer line array is connected to the'negative terminal of the high input impedance
differential amplifier, the positive terminal is connected to signal ground 812, and a feedback impedance 814 is
connected between the low impedance preamplifier output and the negative input terminal. This forms a well known
inverting operational amplifier configuration (the resulting gain of the amplifier is proportional to the negative of the
ratio of the feedback impedance to source impedance 816) with the transducer line array providing the input signal
with a source impedance 816 equal to the electrical impedance of the line array. If the amplifier open loop gain is
much higher than the closed loop gain determined by the ratio of the feedback resistor to the source impedance of
each 150 kHz line array (= 200 ohms), the veltage across the input terminals will be small with respect to the

received signal. Since the positive amplifier terminal is grounded, the negative terminal is maintained by the amplifier
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loop action at essentially ground potential also. Thus, the negative terminal input 808 is considered a "virtual”

ground.

The output of the preamplifier is converted to a high output impedance current source via a transistor 818
which injects the signal current derived from the line array into a tapped analog time-delay summing network 404.
This network has 32 taps {correspending to each of the 32 rows or columns used in each dimension); each segment
between the taps has a time delay of t microseconds, corresponding to the delay required to compensate for the
t microsecond acoustic time delay occurring for arriving and departing signals at the line arrays at the chosen angle
of incidence. Each time-delay segment is implemented with a four-component inductor/capacitor network 822 which
approximates a second order all-pass filter. This inductor/capacitor network provides an approximation of a wide

bandwidth time delay which is accurate to 0.1% over a 256% bandwidth.

The above description applies to the receive heamformer associated with one of the two axes of a 2-axis
array. It can be appreciated that a corresponding set of receive beamformer electrical hardware is utilized for

processing the receive signals for the other axis.

Fig. 13 shows the preferred time-delay transmit beamformer {one axis only} associated with the present
invention, The transmit beamformer time delays are achieved with digital circuits and square waveforms to simplify
the circuits and achieve precise time defays determined by an accurate clock signal. TB1 and TB2 850 are square
waveforms at the frequency to be transmitted by the four acoustic beams. For each of the 32 rows, TB1 and TB2
are summed together by summing circuits 851 after an appropriate time delay (achieved through use of 32 bit shift
registers 852) and applied to the 32 array rows through the transmit amplifiers 854. Harmonics associated with
the square wave output signals of the transmit amplifiers are attenuated by the bandpass characteristics of the
transducer array vow or column 856; the transmitted signal is therefore dominated by the fundamental transmit
frequency. The transmit amplifiers are implemented with low impedance FET push/pull output stages 858 which have
a fow output impedance when driving the transducers. During receive mode operation, a high output impedance load

is supplied by turning both push/pull stages off.

During the transmit mode, the electrical potential between the two faces of each ceramic element is
determined by the summation of four appropriately delayed waveforms: the two row drive signals (TB1 and TB2)
described above, and a corresponding set of time-delayed column drive signals (TB3 and TB4), Four inclined acoustic

beams in 2 axes (X-Z and Y-Z planes) will be generated with these time delayed drive waveforms.

The time delay array forms four transmit and receive beams each with a 4° beam width (based on two
side, 3 dB downpoints). Fig. 14 is a graph of signal amplitude versus beam angle {measured from the Z-axis, normal

to the array face) for @ 150 kHz nominal 32 x 32 phased array transducer, as viewed in the X-Z or Y-Z planes,
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illustrating the formation of one acoustic beam 800. As shown, the sidelobe attenuation at the neighbor and

opposite beam position (-+30 degree beam angle, 804) is about -40 dB.

3. Fabrication Description:
Another aspect of the present invention relates to a unique method of manufacturing a transducer array
suitable for use in such a multiple beam sonar in an economical manner, and which preserves the precise geometrical

relationships among the elements. This method is described in detail in the following paragraphs.

For high frequency arrays as previously described, the diameter of the individual transducer elements and the
distance between the individual transducer elements is small, e.g., < 5 mm, and a large number of precisely placed
elements are required. Since it is not practical to assemble this many small individua) elements into the array, the
elements must remain in their original position during and after dicing, and must be electrically connected as
previously described. Therefore, one cannot simply glue the ceramic element, fiberglass, acoustically transparent
Fiexible Printed Circuit (FPC), and backing material together and then cut it into the desired number of pieces. A
reliable and economical method of manufacturing the 2-axis transducer array which preserves precise geometrical

relationships among the elements is required.

The preferred process used to manufacture the preferred embodiment of the present invention is illustrated
in Fig. 15. The necessary components for assembly of the preferred transducer array include a cylindrical solid
fiberglass element 706 (G-10 or equivalent), front side {Y-axis) Y FPC sheets 702, a cylindrical ceramic element 700,
back side {X-axis) X FPC sheets 704, a cardboard backing layer 710, and a urethane layer 708. A cup housing may
also be utilized to house the transducer array assembly when the fabrication process is completed. Note that other
forms such as ellipses or polygons which are generally symmetrical in the two face dimensiens are also suitable for

use in lisu of the aforementioned cylindrical shapes.

The fabrication process generally invelves use of a parallel blade diamond saw to slice through the front
and back sides of a solid piece of ceramic and an attached impedanée layer to create electrically and mechanically
independent elements. This is done in such a way that all array elements are held in place during and after slicing
te preserve precise geometrical relationships among the elements. Specifically, the disclosed process for
manufacturing the preferred embodiment of the present invention is as follows, with reference being made to Fig.
15

1. First, a paraliel blade diamond saw {not shown) is used to slice the front face of the fiberglass
matching layer 706 halfway through its thickness, defined by the Z-axis, in the X and Y directions.
2. Second, a layer of acoustically transparent urethane 708 is bonded to the front face of the

fiberglass matching layer 706,
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3. The diamend saw is then used to slice the back side of the fiberglass matching layer 706 through
its remaining thickness in both the X and Y directions. ,
4 Next, the diamond saw is used to slice the back face of the transducer array blank 700 halfway

through its thickness, defined by the Z axis, in the X and Y directions.

5. A thin layer of X-axis conducting foil (X FPC) 704 is then bonded on the back face of the blank
700.

6. A layer of backing material 710 is next bonded to the back face of the X-FPC 704,

7. The front face of the blank 700 is next sliced through its remaining thickness (Z direction} in the
X and Y directions.

8. A thin layer of Y-axis conducting foil {Y FPC} 702 is then bonded on the front face of the
ceramic/X FPC transducer assembly.

9. Finally, the sliced fiberglass matching layerjurethane assembly 706, 708 and ceramic/FPCfbacking
assembly 700, 702, 704, 710 are bonded together as shown.

A cup housing or other support elemant may subsequently be fitted as required to provide for mounting the
transducer array to the desired platform {such as a ship hull or current profiler) and sealing against water intrusion.
It can be appreciated that a large number of different housing designs and sealing mechanisms may be utilized in

conjunction with the present invention to fulfill these needs.

While the above detailed description has shown, described, and pointed out the fundamental novel features
of the invention as applied to various embodiments, it will be understood that various omissions, substitutions, and
changes in the form and details of the device or process illustrated may be made by those skilled in the art without

departing from the intent of the invention.
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WHAT IS CLAIMED IS:

1. An acoustic system, comprising:

a plurality of transducer elements arranged to form a single two-dimensional array, wherein the elements
are electrically connected into rows in a first dimension and columns in a second dimension and the rows are
electrically independent of the columns;

a first beamforming circuit forming a first plane of acoustic beams projected outside of the array plane and
substantially normal to the first transducer array dimension, the first beamforming circuit electrically connected to
the transducer elements in the second transducer array dimension, wherein the first beamforming circuit delays
signals associated, respectively, with each column; and

a second beamforming circuit forming a first plane of acoustic beams projected outside of the array plane
and substantially normal to the second transducer array.dimension, the second beamforming circuit electrically
connected to the transducer elements in the first array dimension, wherein the second beamforming circuit delays
signals associated, respectively, with each row, the system thereby cahable of forming at least two planes of
acoustic beams. _

2 The acoustic system of Claim 1, wherein the acoustic beams formed by the system are in the
Janus configuration.

3. The acoustic system of Claim 1, whergin the transducer elements are arranged to substantially
form a pattern selected from the group consisting of circular, elliptical or polygonal shapes.

4, The acoustic system of Claim 1, wherein the rows and columns are orthogonal to one another.

B. - The acoustic system of Claim 1, wherein each transducer element has a facial crossection selected
from the group consisting of a circular, elliptical or polygonal shapes.

6. The acoustic system of Claim 1, wherein the transducer elements are arranged within the array
such that the centerline-to-centerline distance between individual elements is one-half of the wavelength of the
system acoustic carrier frequency as measured in water and at the front face of the array.

7. The acoustic system of Claim 1, wherein the first and second beamforming circuits include multiple
bit shift registers. |

8. The acoustic system of Claim 1, wherein each transducer element is symmetric in the facial plane.

8. The acoustic system of Claim 1, wherein the first and second beamforming circuits provide a
virtual ground load impedance to all rows and columns, respectively when the system is receiving signals.

10. The acoustic system of Claim 1, wherein the first and second beamforming circuits provide a low
source impedance to all rows and columns, respectively when the system is transmitting signals.

1. The acoustic system of Claim 1, wherein the rows and columns of transducer elements are
electrically connected into P sets of elements by interconnecting each Pth row and column, the first and second

beamforming circuits being electrically connected to these P sets of rows and columns, respectively.
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12. An electro-acoustic transducer capable of forming multiple transmit or receive acoustic beams from
a single planar aperture, comprising:

a plurality of transducer elements arranged in a planar array of N substantially parallel rows and M
substantially parallel columns, each row of transducer elements being electrically connected along a first face of the
array, and each column of transducer elements being electrically connected along a second face;

a first transmit/receive beamformer electrically connected to the rows; .

a second transmit/receive beamformer electrically connected to the columns and operating in electrical
independence of the first beamformer,

a transmit/receive switch electrically connected, respectively, between the first and second beamformers
and the rows and columns,

wherein a transmit setting of the switch allows the first and second beamformers to apply signals to the
rows and columns of transducer elements, respectively, to form the transmit beams, the signals being time- or phase-
defayed, and,

wherein a receive setting of the switch allows the first and second beamformers to receive signals from
the row and column transducer elements, respectively, the signals from the rows and columns being, respectively,

time- or phase-delayed and combined to form the receive beams.

13. The transducer of Claim 12, wherein the acoustic beams formed by the system are in the Janus
cenfiguration.
14. The transducer of Claim 12, wherein the transducer eiements are arranged to substantially form

a pattern selected from the group consisting of circular, elliptical or polygonal shapes.

15. The transducer of Claim 12, wherein the rows and columns are erthogonal to one another.

16. The transducer of Claim 12, wherein each transducer element has a facial crossection selected
from the group consisting of a circular, elliptical or polygonal shapes.

17. The transducer of Claim 12, wherein the transducer elements are arranged within the array such

that the centerline-to-centerline distance between individual elements is one-half of the wavelength of the system

acoustic carrier frequency as measured in water and at the front face of the array.

18. The transducer of Claim 12, wherein the transmit/receive beamformer includes multiple bit shift
registers.

18. The transducer of Claim 12, wherein each transducer element is symmetric in the facial plane,

20. The transducer of Claim 12, wherein the first and second transmitjreceive beamformers provide

a virtual ground load impedance te all rows and columns, respectively when the transmitjreceive switch is positioned
to receive signals. ‘

21. The transducer of Claim 12, wherein the first and second transmitjreceive beamformers provide
a low source impedance to all rows and columns, respectively when the transmitireceive switch is positioned to

transmit signals,
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22, The transducer of Claim 12, wherein the rows and columns of transducer elements are electrically
connected into P sets of elements by interconnecting each Pth row and column, the first and second transmit/receive
beamformers being electrically connected to these P sets of rows and columns, respectively,

23. A method of forming muitiple transmit or receive beams from a single planar array having a
plurality of transducer elements arranged in N substantially parallel rows and M substantially pafallel cofumns,

wherein the planar array has a first transmit/receive beamformer electrically connected to the rows, a
second transmit/receive beamformer electrically connecged to the columns, and a transmitireceive switch electrically
connected, respectively, between the first and second beamformers and the rows and columns, the method comprising
the steps of:

setting the transmit/receive switch to a transmit setting; and A

applying signals from the first and second beamformers to the rows and columns of transducer elements,
respectively, to form transmit beams, the signals being time- or phase-delayed, or, alternatively,

setting the transmitfreceive switch to a receive setting; and

allowing signals from the rows and columns of transducer elements to be applied to the first and second
beamformers, respectively, with a time- or phase-delay, to form receive beams. '

24, The method of Claim 23, wherein the acoustic beams formed by the system are in the Janus
configuration.

25. The method of Claim 23, wherein the transducer elements are arranged to substantially form a
pattern selected from the group consisting of circular, efliptical or polygonal shapes.

26. The method of Claim 23, wherein the rows and columns are orthogonal to one another,

27. The method of Claim 23, wherein each transducer element has a facial crossection selected from
the group consisting of a circular, elliptical or polygonal shapes.

28, The method of Claim 23, wherein the transducer elements are arranged within the array such that
the centerline-to-centerline distance between individual elements is one-haif of the wavelength of the system acoustic
carrier frequency as measured in water and at the front face of the array.

29. The method of Claim 23, wherein the transmitireceive beamformer includes multiple bit shift
registers.

30. The method of Claim 23, wherein sach transducer element is symmetric in the facial plane.

31. The method of Claim 23, wherein the first and second transmit/receive beamformers provide a
virtual ground load impedance to all rows and columns, respectively when the transmit/receive switch is positioned
to receive signals.

32 The method of Claim 23, wherein the first and second transmit/receive beamformers provide a low
source impedance to all rows and columns, respectively when the transmit/receive switch is positioned to transmit

signals.
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33. The method of Claim 23, wherein the rows and columns of transducer elements are electrically
connected into P sets of elements by interconnecting each Pth row and column, the first and second transmit/receive
heamformers being electrically connected to these P sets of rows and columns, respectively.

34. The method of Claim 23, wherein the rows and columns of the planar array simultaneously form
either transmit or receivé beams in twe planes.

35. A method of fabricating an acoustic transducer having a plurality of elements comprising the steps
of:

providing a transducer blank having first and second substantially parallel faces;

slicing said transducer blank partway through its thickness in one or more dimensions of said first face;

bonding said first face of said transducer blank to a substantially rigid member, said member providing for
the electrical connection of one or more of said elements; and

slicing said transducer blank in one or more dimensions of said second face, said slicing of said second face
spatially coinciding with the slicing of said first face such that said blank is sliced completely through its thickness,
thereby forming individual transducer elements from said blank, each of said elements being bonded to said
substantially rigid member, ,

36. The method of Claim 35, wherein the transducer hiank consists of lead-zircon-titanate.

37. The method of Claim 35, wherein the faces of the transducer blank have a crossection selected
from the group consisting of circular, elfiptical, square, polygonal, or rectangular shapes.

38. An elactro-acoustic transducer capable of simultaneously forming multiple transmit or receive
acoustic beams in first and second orthogonal planes and from a single planar aperture, comprising:

a plurality of transducer elements arranged in a planar array of N substantially parallel rows and M
substantially parallel columns, each row of transducer elements being electrically connected along a first face of the
array, and each column of transducer elements being electrically connected along a second face;

a first transmit/receive beamformer electrically connected to the rows;

a second transmit/receive beamformer electrically connected to the columns and operating’in electrical
independence of the first beamformer,

a transmit/receive switch electrically connected, respectively, between the first and second beamformers
and the rows and columns,

wherein a transmit setting of the switch allows the first and second beamformers to apply signals to the
rows and columns of transducer elements, respectively, to form multiple transmit beams within the first and second
orthogonal planes, respectively, the beams being at the same angle of inclination relative to a direction normal to
the to first and second faces of the planar array, the signals being time- or phase-delayed, and,

wherein a receive setting of the switch allows the first and second beamformers to receive signals from
the row and column transducer elements, respectively, the signals from the rows and columns being, respectively,

time- or phase-delayed and combined to form receive beams oriented within the first and second orthogonal planes,
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the beams being at the same angle of inclination relative to a direction normal to the first and second faces of the

planar array.
38. An electro-acoustic system capable of simultaneously transmitting or receiving multiple acoustic

beams in a fluid media, comprising:

10
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35

a plurality of transducer elements arranged to form a single two-dimensional array wherein the
elements are electrically connected on a first array face in N rows in a first direction, and on a second
array face in M columns in a second direction, the connection on the first and second faces being
electrically independent;

a first transmit/receive beamformer electrically interfaced to the N rows, wherein signals applied
to or received from the rows are electrically independent of signals simultaneously applied to or received
from the columns;

a means for operating the first transmitjreceive beamformer in a transmit mode, wherein the first
beamformer generates a set of N electrical signals, each signal being time- or phase-delayed, and applies
each electrical signal to its respective transducer row element, thereby forming a set of multiple transmit
acoustic beams inclined outward from a direction normal to the first and second faces, and positioned
within a plane oriented normal to the first direction;

a means for operating the first transmitjreceive beamformer in a receive mode wherein the first
beamformer receives a set of electrical signals corresponding to each of the N rows and applies a time or
phase delay to each signal, the resulting time-or phase-delayed signals from each row being combined
together to form a set of multiple receive acoustic beams inclined outward from a direction normal to the
first and second faces, and positioned within a plane oriented normal to the first direction;

a means for operating the second transmit/receive beamformer in a transmit mode, wherein the
second beamformer generates a set of M electrical signals, each signal being time- or phase-delayed, and

applies each electrical signal to its respective transducer column element, thereby forming a set of multiple

transmit acoustic beams inclined outward from a direction normal to ‘the first and ‘second facés, and

positioned within a plane oriented normal to the second direction; and

a means for operating the second transmitfreceive beamformer in a receive mode wherein the
second beamformer receives a set of electrical signals corresponding to each of the M columns and applies
a time or phase delay to each signal, the resulting time-or phase-defayed signals being combined together
to form a set of multiple receive acoustic beams inclined outward from a direction normal to the first and

second faces, and positioned within a plane oriented normal to the second direction.
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Non Patent Literature 74 75
Non Patent Literature 76 81
Non Patent Literature 82 87
Warnings:
Information:
10230476
369324_NPL_CITES_167_176.
6 yes 158
PDF
3b05d3ba35e55ccc1f510d677 acdfc2493¢f
062e
Multipart Description/PDF files in .zip description
Document Description Start End
Non Patent Literature 1 11
Non Patent Literature 12 64
Non Patent Literature 65 70
Non Patent Literature 71 81
Non Patent Literature 82 86
Non Patent Literature 87 92
Non Patent Literature 93 97
Non Patent Literature 98 145
Non Patent Literature 146 152
Non Patent Literature 153 158
Warnings:
Information:
369324_NPL_CITES_177_179 13457115
7 I - yes 322
PDF
41452a17076223b6fd63fd 1a0259bbe50c7
563df
Multipart Description/PDF files in .zip description
Document Description Start End RAY-1
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Non Patent Literature 1 316
Non Patent Literature 317 318
Non Patent Literature 319 322
Warnings:
Information:
17905592
369324_NPL_CITES_180_189.
8 yes 217
PDF
15b1a760c6d0a77943210b51843978c04a3]
30ec6
Multipart Description/PDF files in .zip description
Document Description Start End
Non Patent Literature 1 5
Non Patent Literature 6 10
Non Patent Literature 11 13
Non Patent Literature 14 17
Non Patent Literature 18 21
Non Patent Literature 22 24
Non Patent Literature 25 28
Non Patent Literature 29 107
Non Patent Literature 108 127
Non Patent Literature 128 217
Warnings:
Information:
5087041
369324_NPL_CITES_190_191.
9 yes 162
PDF
b01e8ec761e2e5370b6f5f14dd3fa787246¢]
28e4
Multipart Description/PDF files in .zip description
Document Description Start End
Non Patent Literature 1 79 RAY-1
509 of
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Non Patent Literature 80 162

Warnings:

Information:

369324 _NPL_CITES_192_193 7090736
10 I - = yes 194
PDF
11cc36a462563197becfcc995a59ea005 99
Multipart Description/PDF files in .zip description
Document Description Start End
Non Patent Literature 1 102
Non Patent Literature 103 194
Warnings:
Information:
29873
11 Fee Worksheet (SB06) fee-info.pdf no 2
7dfalatbad57c9ad743e07{056fd358b8140]
ce5d
Warnings:
Information:
Total Files Size (in bytes); 94239903

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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Attorney's Docket No. 038495/369324
PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re: Brian T. Maguire Confirmation No.: 9769
Appl. No.: 12/460,139 Art Unit: 3662
Filed: July 14, 2009 Examiner: HULKA, James R.
For: DOWNSCAN IMAGING

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

Alexandria, VA 22313-1450

INFORMATION DISCLOSURE STATEMENT
CITATION UNDER 37 C.F.R. § 1.97

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

It is requested that the Examiner consider these documents and officially make
them of record in accordance with the provisions of 37 C.F.R. § 1.97 and Section 609 of
the MPEP. 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.

This Information Disclosure Statement is submitted in accordance with 37 C.F.R.

§ 1.97(c), before final Office Action or Allowance, whichever is earlier.
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In re: Brian T. Maguire
Appl. No.: 12/460,139
Filed: July 14, 2009

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,

Patrick 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 NOVEMBER 15, 2011,
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Electronic Acknowledgement Receipt

EFSID: 11407979
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:

Michael D. McCoy/Judy Creel

Filer Authorized By:

Michael D. McCoy

Attorney Docket Number: 038495/369324
Receipt Date: 15-NOV-2011
Filing Date: 14-JUL-2009
Time Stamp: 11:59:41

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.)
20295920
369324 _NPL_CITES_194_198.
1 yes 285
PDF
2b91be281ab287ch339%ef5af4a310ac0aaad]
58¢f
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Multipart Description/PDF files in .zip description

Document Description Start End
Non Patent Literature 1 16
Non Patent Literature 17 18
Non Patent Literature 19 79
Non Patent Literature 80 89
Non Patent Literature 920 285
Warnings:
Information:
15131138
369324 _NPL_CITES_199_205.
2 yes 261
970dd93f761515200db97eachd6bcd 78b0
04f96d
Multipart Description/PDF files in .zip description
Document Description Start End
Non Patent Literature 1 43
Non Patent Literature 44 127
Non Patent Literature 128 147
Non Patent Literature 148 152
Non Patent Literature 153 176
Non Patent Literature 177 186
Non Patent Literature 187 261
Warnings:
Information:
22796785
369324 _NPL_CITES_206_213.
3 yes 252
c17e28b412e81dcfb5fb35fbb8a95963aab)
687c
Multipart Description/PDF files in .zip description
Document Description Start End

Non Patent Literature
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Non Patent Literature 5 32
Non Patent Literature 33 48
Non Patent Literature 49 52
Non Patent Literature 53 54
Non Patent Literature 55 77
Non Patent Literature 78 165
Non Patent Literature 166 252
Warnings:
Information:
Total Files Size (in bytes); 58223843

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 COOPERATION TREATY /V,QQ
From the INTERNATIONAL SEARCHING AUTHORITY PCT
To:
Thorson, Chad L. NOTIFICATION OF TRANSMITTAL OF
ALSTON & BIRD LLP THE INTERNATIONAL SEARCH REPORT AND
Bank of Amerioa Pl . ..« THE WRITTEN OPINION OF THE INTERNATIONAL
ank of Amenica Flaza pieson & BE  SEARCHING AUTHORITY, OR THE DECLARATION
101 South Tryon Street, Suite 4000
Charlotte, NC 28280-4000 i m
ETATS-UNIS D'AMERIQUE OCT 1 z 4;0
Peeteed %»Q-i e (PCT Rule 44.1)
Date of mailing
(day/month/year)

11 October 2010 (11-10-2010)

Applicant's or agent's file reference

38495/388216 FOR FURTHER ACTION See paragraphs 1 and 4 below
international application No. international filing déte

PCT/US2010/039441 (dayfmonihiyear) 22 June 2010 (22-06-2010)
Applicant

NAVICO, INC.

1. The applicant is hereby notified that the intemational search report and the written opinion of the international Searching
Authority have been established and are transmitted herewith.

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the Intemnational Application (see Rule 46):
When? The time limit for filing such amendments is normally two months from the date of tranemittal of the
International Search Report.

Where? Directly to the Intemational Bureau of WIFO, 34 chemin des Colombettes
1211 Geneva 20, Switzerland, Fascimile No.: (41-22) 338.82.70

For more detailed instructions, see the notes on the accompanying sheet.

2. D The applicant is hereby notified that no interational search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith.

3. D With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

the protest together with the decision thereon has been transmitted to the Intemational Bureau together with the
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices.

no decision has been made yet on the protest; the applicant will be notified as soon as adecision is made.

4. Reminders
Shortly after the expiration of 18 months from the priority date, the international application wili be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the intemational
application, or of the priority claim, must reach the International Bureau as provided in Rules 90bis.1 and 90bis.3, respectively,
before the completion of the technical preparations for international publication.

The applicant may submit comments on an informal basis on the written opinion of the intemational Searching Authority to the
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be established. These comments would also be made available to
the public but not before the expiration of 30 months from the priority date.

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices.

In respect of other desighated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19
months. ' :

See the Annex to Form PCT/IB/301 and, for details about the applicable time limits, Office by Office, see the POT Applicants
Guide, Nationat Chapters.

Name and mailing address of the Infernational Searching Authority Authorized officer

=& European Patent Office, P.B. 5818 Patentlaan 2
NL-2280 HV Rijswijk KUES, Saba
G el (+31-70) 340-2040 Tel: +31 (0)70 340-1934
= Fax: (+31-70) 340-3016

Form PCTASA/220 (July 2009) (See notes on accompanying sheeft)
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NOTES TO FORM PCTHSA/220

These Notes are infended to give the basic instructions concerning the filing of amendments under article 19. The i
Notes are based on the requirements of the Patent Cooperation Treaty, the Regulations and the Administrative instructions i
under that Treaty. In case of discrepancy between these Notes and those requirements, the latter are applicable. For more
detailed information, see aiso the PCT Applicant's Guide.

In these Notes, "Article”, "Rule”, and "Section" refer to the provisions of the PCT, the PCT Regulations and the PCT
Administrative instructions, respectively.

INSTRUCTIONS CONCERNING AMENDMENTS UNDER ARTICLE 19

The applicant has, after having received the international search report and the wriften opinion of the International
Searching Authority, one opportunity to amend the claims of the international application. it should however be emphasized
that, since all parts of the international application (claims.description and drawings} may be amended during the
international preliminary examination procedure, there is usually no need to file amendments of the claims under Arficle 19
except where, e.g. the applicant wants the latter to be published for the purposes of provisional protection or has another
reason for amending the claims before international publication. Furthermore, it should be emphasized that provisional
protection is available in some States only (see PCT Applicant’s Guide, Annex B).

The attention of the applicant is drawn to the fact that amendments to the claims under Article 19 are not allowed where
the International Searching Authority has declared, under Article 17(2), that no international search report would be
established (see PCT Applicant's Guide, International Phase, paragraph 298).

What parts of the internationat application may be amended?
Under Article 19, only the claims may be amended.

During the infernational phase, the claims may also be amended (or further amended) under Article 34 before the
International Preliminary Examining Authority. The description and drawings may only be amended under
Article 34 before the Intemational Examining Authority.

Upon entry into the national phase, all parts of the international application may be amended under Asticle 28 or,
where applicable, Article 41.

When? Within 2 months from the date of transmiftal of the international search report or 16 months from the priority date,
whichever time limit expires later. It should be noted, however, that the amendments will be considered as having
been received on time if they are received by the International Bureau after the expiration of the applicable time
limit but before the cormpletion of the technical preparations for international publication (Rule 46.1).

Where not to file the amendments?

The amendments may only be filed with the International Bureau and not with the receiving Office or the
International Searching Authority (Rule 46.2).

Where a demand for international preliminary examination has been/is filed, see below,

How? Either by cancelling one or more entire claims, by adding one or more new claims or by amending the text of one
or more of the claims as filed.

A replacement sheet or sheets containing a complete set of claims in replacement of all the claims previously filed
must be submitted.

Where a claim is cancelled, no renumbering of the other claims is required. In alf cases where claims are
renumbered, they must be renumbered consecutively in Arabic numerals (Seclion 205(a}).

The amendments must be made in the language in which the international application is to be published.

What documents must/may accompany the amendments?
Letter (Section 205(b)):
The amendments must be submitted with a letter.

The letter will not be published with the international application and the amended claims. It should not be
confused with the "Statement under Article 19(1)" (see bslow, under "Statement under Article 19(1)").

The letter must be in English or French, at the choice of the applicant. However, if the language of the
international application is English, the letter must be in English; if the language of the international application
is French, the letfer must be in French.

Notes to Form PCT/ISA/220 (first sheet) (July 2009)
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NOTES TO FORM PCT/ISA/220 (continued)

The letter must indicate the differences between the claims as filed and the claims as amended. it must, in
particular, indicate, in connection with each claim appearing in the international application (it being understood
that identical indications concerning several claims may be grouped),whether

(i) the claim is unchanged;

(i) the claim is cancelled;

(i} the claim is new;

(iv) the claim replaces one or more claims as filed;

(v} the claim is the result of the division of a claim as filed.

The following examples illustrate the manner in which amendments must be explained in the
accompanying letter:

1. [Where originally there were 48 claims and after amendment of some claims there are 51):
"Claims 1 to 29, 31, 32, 34, 35, 37 10 48 replaced by amended claims bearing the same numbers;
claims 30, 33 and 36 unchanged; new claims 49 o 51 added.”

2. [Where originally there were 15 claims and after amendment of alf claims there are 11]:
"Claims 1 to 15 replaced by amended claims 110 11." .

3. [Where originally there were 14 claims and the amendments consist in cancelling some claims and in adding

new claims}:
“Claims 1 to 6 and 14 unchanged; claims 7 to 13 cancelled; new claims 15, 16 and 17 added.” or
"Claims 7 to 18 cancelled; new claims 15, 16 and 17 added; all other claims unchanged.”

4. [Where various kinds of amendments are made]:
"Claims 1-10 unchanged; claims 11 to 13, 18 and 19 cancelled; claims 14, 15 and 16 replaced by amended
claim 14; claim 17 subdivided into amended claims 15, 16 and 17; new claims 20 and 21 added.”

"Statement under article 19(1)" (Rule 46.4)
The amendments may be accompanied by a statement explaining the amendments and indicating any impact

that such amendments might have on the description and the drawings (which cannot be amended under Article 19(1)).

The statement will be published with the international application and the amended claims.
it must be in the language in which the international application is to be published.
It must be brief, not exceeding 500 words if in English or if translated into English.

It should not be confused with and does not replace the letter indicating the differences between the claims as filed
and as amended. it must be filed on a separate sheet and must be identified as such by a heading, preferabiy by
using the words "Statement under Article 19(1)."

It may not contain any disparaging comments on the international search report or the relevance of citations
contained in that report. Reference to citations, relevant to a given claim, contained in the international search
report may be made only in connection with an amendment of that claim.

Consequence if a demand for international preliminary examination has already been filed

If, at the time of filing any amendments and any accompanying statement, under Article 19, a demand for
international preliminary examination has already been submitted, the applicant must preferably, at the time of
filing the amendments (and any statement ) with the International Bureau, also file with the International
Preliminary Examining Authority a copy of such amendments (and of any statement) and, where required, a
transiation of such amendments for the procedure before that Authority (see Rules 55.3(a) and 62.2, first
sentence). For further information, see the Notes to the demand form (PCT/IPEA/401),

if a demand for international preliminary examination is made, the written opinion of the International Searching
Authority will, except in certain cases where the International Prefiminary Examining Authority did not act as
International Searching Authority and where It has notified the International Bureau under Rule 66.1bis(b), be
considered to be a written opinion of the International Preliminary Examining Authority. if a demand is made, the
applicant may submit to the International Preliminary Examining Authority a reply to the written opinion 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 (Rule 43bis.1(c)).

Consequence with regard o translation of the international application for entry into the nationat phase

The applicant's attention is drawn to the fact that, upon entry into the national phase, a transiation of the claims as
amended under Article 19 may have fo be fumished to the designated/elected Offices, instead of, or in addition to,
the translation of the claims as filed.

For further details on the requirements of each designated/elected Office, see the PCT Applicant's Guide,
National Chapters.

Notes to Form PCT/ISA/220 (second sheet) {July 2009)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant's or agent's file reference FOR FURTHER see Form PCT/ISA/220
38495/388216 ACTION as well as, where applicable, item & below.
international application No. Intemational filing date (day/month/year) (Earllest) Priority Date (day/month/year)
PCT/US2010/039441 22/06/2010 14/07/2009
Applicant

NAVICO, INC.

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

This intemnational search report consistsofatotalof _____4 ___  sheets.
Itis also accompanied by a copy of each prior art document cited in this report.

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

the international application in the language in which it was filed

D a translation of the international application into , which is the language
of a transiation fumished for the purposes of intemational search (Rules 12.3(a) and 23.1(b))

b. D This International search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6b/s(a)).

2. D Certain claims were found unsearchable (See Box No. 11}
3. [[]  unity of invention is lacking (see Box No Iil)

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

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

D the text has been established, according to Rule 38.2(b), by this Authority as it appears In Box No. V. The applicant
may, within one month from the date of mailing of this intemational search report, submit comments to this Authority

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. _S4
[] assuggested by the appiicant
D as selected by this Authority, because the applicant failed to suggest a figure
as selected by this Authority, because this figure better characterizes the invention
b. L—_] none of the figures Is to be published with the abstract

c. []  Withregard to any nucleotide and/or amino acid sequence disclosed in the intemational application, see Box No. I.

Form PCT/\SA/210 (first sheet) {July 2009)
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2010/039441

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO01S15/87 G01515/89
ADD.

According to intemational Patent Classification (IPC) or to both national classlfication and IPC

B. FIELDS SEARCHED
Minimum documentation searched (classlification system followed by classification symbols)

GO1sS

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

Electronic data base consuited during the international search (name of data base and, where practicai, search terms used)

EPO-Internal

C. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Gitation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y US 5 991 239 A (FATEMI-BOOSHEHRI MOSTAFA 1-73
[US] ET AL) 23 November 1999 (1999-11-23)
figures 3,10

* abstract
column 4, Tine b5 -~ Tine 58
Y US 5 805 528 A (HAMADA TOKIHIKO [JP] ET 1-73

AL) 8 September 1998 (1998-09-08)
figures 9,10

* abstract
A US 4 939 700 A (BRETON J RAYMOND [US1) 1,39
3 July 1990 (1990-07-03)
figure 1
* abstract

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

*A* document defining the general state of the art which is not
considered to be of particular relevance

*E" eartier document but published on or after the internationatl
filing date

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

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

*P* document published prior to the international filing date but
later than the priority date claimed

'T* later document published after the intemnational filing date
or priority date and not in confiict with the application but
gted to understand the principle or theoty underlying the

vention

*X' document of patticular relevance; the ctalmed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
irn?tr:ls. ﬁuch comblination being obvious to a person skilled
n the art.

*&" document member of the same patent family

Date of the actual completion of the international search

1 October 2010

Date of mailing of the intemational seaich report

11/10/2010

Name and mailing address of the ISA/ .
European Patent Office, P.B. 5818 Patentiaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340~2040,
Fax: (+31-70) 340-3016

Authorized officer

Alberga, Vito

Form PCT/ASA/210 (second sheet) (April 2005)

page 1 of 2
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INTERNATIONAL SEARCH REPORT

International application No

AL) 30 October 2003 (2003-10-30)
figure 5B
* abstract

PCT/US2010/039441
C(Continuation), DOCUMENTS CONSIDERED TO BE RELEVANT
Category® | Chatlon of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 2003/202426 A1l (ISHIHARA SHINJI [JP] ET 1,39

Form PCT/ASA/210 (continuation of second shest) {April 2005)

page 2 of 2
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INTERNATIONAL SEARCH REPORT
internationat application No
Information on patent family members P CT /U S 2 0 1 0 / 0 3 9 4 4 1
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 5991239 A 23-11-1999 US 5903516 A 11-05-1999
US 5805528 A 08-09-1998  NONE
US 4939700 A 03-07-1990  NONE
Us 2003202426 Al 30-10-2003 GB 2387907 A 29-10-2003
JP 4033704 B2 16-01-2008
JP 2003315453 A 06-11-2003
Form PCTASA/210 (patent family annex) {April 2005) RAY-1D02
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

To: PCT

WRITTEN OPINION OF THE
see form PCTASAR20 INTERNATIONAL SEARCHING AUTHORITY

(PCT Rule 43bis.1)

Date of mailing
(dayimonthiear) see form PCTASAR10 (second sheet)

Applicant's or agent's file reference FOR FURTHER ACTION

see form PCTASAL220 See paragraph 2 below

International application No. international filing date (day/fnonthjear) Priority date (day/monthjear)
PCTAIS2010/039441 22.06.2010 14.07.2009

Intemational Patent Classification (IPC) or both national classification and 1PC

INV. G0181587 G01515/89

Applicant
NAVICO, INC.

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

Box No.l  Basis of the opinion
I BoxNo. 1  Priority
[0 Box No. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

[J Box No. IV Lack of unity of invention

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

[J Box No. VI  Gertain documents cited
Id Box No. Vil  Certain defects in the international application
Box No. VIlI  Certain observations on the international application

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will usually 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 notifed 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 PCTASAR220 or before the expiration of 22 months from the priority date,
whichever expires later.

For further options, see Form PCTASA/220.
3.  For further details, see notes to Form PCTASAR20.
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WRITTEN OPINION OF THE ' international application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2010/039441

Box No.| Basis of the opinion

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

[0 atranslation 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. O Tnis opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

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

a. (means)
3 on paper
0 in electronic form
b. (time)
[ in the international application as filed
O together with the international application in electronic form

O subsequently to this Authority for the purposes of search
4, [0 In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical fo that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

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

1. Statement

Novelty (N) Yes: Claims 1-73
No: Claims
Inventive step (IS) Yes: Claims

No: Claims 1-73

Industrial applicability (1A) Yes: Claims 1-73
No: Claims

2. Citations and explanations

see separate sheet
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2010/039441

Box No. Vil Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

see separate sheet

Box No. VIl Certain observations on the international application

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

see separate sheet

Form PCTASA/ 237 (April 2007)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2010/039441

Re ltem V.

1

2.1

References
Reference is made to the following documents:

D1 US 5991 239 A (FATEMI-BOOSHEHRI MOSTAFA [US] ET AL)
23 November 1999 (1999-11-23)

D2 US 5 805 528 A (HAMADA TOKIHIKO [JP] ET AL) 8 September
1998 (1998-09-08)

Independent claims 1, 20 and 39

The present application does not meet the criteria of Article 33(1) PCT,
because the subject-matter of claims 1, 20 and 39 does not involve an
inventive step in the sense of Article 33(3) PCT.

Document D1 is regarded as being the closest prior art to the subject-matter
of claim 1, and discloses (the references in parentheses applying to this
document):

a method comprising:

a) receiving first conical downscan sonar data from a circular
downscan transducer (fig.3 and 10);

b) receiving second downscan sonar data from a second
downscan transducer (abs.);

c) combining the conical downscan sonar data and the second

downscan sonar data to produce combined downscan sonar data

(abs.). .
The subject-matter of claim 1 therefore differs from this known method in that
the second downscan data are generated by a "linear" downscan transducer.

The problem to be solved by the present invention may therefore be regarded
as:
how to improve the efficiency of a sonar imaging method.

A linear, or fan-shaped, beam is described in document D2 (see, e.g., fig.9
and 10) as providing the same advantages as in the present application. The
skilled person would therefore regard it as a normal design option to inciude
this feature in the method described in D1 in order to solve the problem
posed.

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPQ-April 2005)
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WRITTEN OPINION OF THE International application No.

INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2010/039441

2.2

2.3

Therefore, the subject-matter of independent claim 1 is not inventive in the
sense of Article 33(3) PCT.

The subject-matter of claim 20 corresponds in terms of computer program
features to that of claim 1. The objections raised in respect of claim 1,
therefore, also apply, mutatis mutandis, to claim 20. For this reason, also
claim 20 is not inventive within the meaning of Article 33(3) PCT.

The subject-matter of claim 39 corresponds in terms of apparatus features to
that of claim 1. The objections raised in respect of claim 1, therefore, also
apply, mutatis mutandis, to claim 39. For this reason, also claim 39 is not
inventive within the meaning of Article 33(3) PCT.

Dependent claims 2-19, 21-38 and 40-73

Dependent claims 2-19, 21-38 and 40-73 do not appear to contain any
additional features which, in combination with the features of any claim to
which they refer, meet the requirements of the PCT in respect inventive step
(Article 33(3) PCT).

Re Item VII.

4
4.1

4.2

4.3

Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background
art disclosed in documents D1 and D2 is not mentioned in the description, nor
are these documents identified therein.

Independent claims 1, 20 and 39 are not in the two-part form in accordance
with Rule 8.3(b) PCT, which in the present case would be appropriate, with
those features known in combination from the prior art (document D1) being
placed in the preamble (Rule 6.3(b)(l) PCT) and with the remaining features
being included in the characterising part (Rule 6.3(b)(ii) PCT).

The features of the claims are not provided with reference signs placed in
parentheses (Rule 6.2(b) PCT).

Re ltem VIl

5
5.1

Claim 31, disclosing computer program features, is indicated as dependent on
method claim 18.

- Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)
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Possible steps after receipt of the international search report (ISR) and
written opinion of the International Searching Authority (WO-1SA)

General
information

Amending claims
under
Art. 19 PCT

Filing a demand
for international
preliminary
examination

Filing informal
comments

End of the
international
phase

Relevant PCT
Rules and more
information

BNSDOCID: <XS, 200704010CK _I_>

For all international applications filed on or after 01/01/2004 the competent
ISA will establish an ISR It is accompanied by the WO-ISA. Unlike the
former written opinion of the IPEA (Rule 66.2 PCT), the WO-ISA is not
meant to be responded to, but to be taken into consideration for further
procedural steps. This document explains about the possibilities.

Within 2 months after the date of mailing of the ISR and the WO-ISA the
applicant may file amended claims under Art. 19 PCT directly with the
International Bureau of WIPO. The PCT reform of 2004 did not change
this procedure. For further information please see Rule 46 PCT as well as
form PCT/1SA/220 and the corresponding Notes to form PCT/I1SA/220.

In principle, the WO-1SA will be considered as the written opinion of the
IPEA. This should, in many cases, make it unnecessary to file a demand for
international preliminary examination. If the applicant nevertheless wishes
to file a demand this must be done before expiry of 3 months after the
date of mailing of the ISR/ WO-ISA or 22 months after priority
date, whichever expires later (Rule 54bis PCT). Amendments under Art.
34 PCT can be filed with the IPEA as before, normally at the same time as
filing the demand (Rule 66.1 (b) PCT).

If a demand for international preliminary examination is filed and no
comments/amendments have been received the WO-1SA will be transformed
by the IPEA into an IPRP (International Preliminary Report on Patentability)
which would merely reflect the content of the WO-1SA. The demand can still
be withdrawn (Art. 37 PCT).

After receipt of the ISR'WO-ISA the applicant may file informal comments
on the WO-ISA directly with the International Bureau of W!PO. These
will be communicated to the designated Offices together with the |PRP
(International Preliminary Report on Patentability) at 30 months from the
priority date. Please also refer to the next box.

At the end of the international phase the International Bureau of WIPO will
transform the WO-1SA or, if a demand was filed, the written opinion of the
IPEA into the IPRP, which will then be transmitted together with possible
informal comments to the designated Offices. The |PRP replaces the former
IPER (international preliminary examination report).

Rule 43 PCT, Rule 43bis PCT, Rule 44 PCT, Rule 44bis PCT, PCT Newsletter
12/2003, OJ 11/2003, OJ 12/2003
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PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

To:
Thorson, Chad L. NOTIFICATION OF TRANSMITTAL OF
ALSTON & BIRD LLP THE INTERNATIONAL SEARCH REPORT AND
Bank of America Pl THE WRITTEN OPINION OF THE INTERNATIONAL
ank of America Maza SEARCHING AUTHORITY, OR THE DECLARATION
101 South Tryon Street, Suite 4000
Gharlotte, NC 28280-4000
ETATS-UNIS D'AMERIQUE
(PCT Rule 44.1)
Date of mailing
(day/month/ysar)
6 October 2010 (06-10-2010)
Applicant's or agent's file reference ’
38495/388217 FOR FURTHER ACTION See paragraphs 1 and 4 below
International application No. International filing date
day/i
PCT/US2010/039443 (dayimontiyear) 22 June 2010 (22-06-2010)
Applicant
NAVICO, INC.

1. The applicant is hereby notified that the international search report and the written opinion of the International Searching
Authority have been established and are transmitted herewith.

Filing of amendments and statement under Article 19:
The applicant is entitled, if he so wishes, to amend the claims of the International Application (see Rule 46):
When? The time limit for filing such amendments is normally two months from the date of transmittal of the
International Search Report.

Where? Directly to the intemnational Bureau of WIPQO, 34 chemin des Colombsttes
1211 Geneva 20, Switzerland, Fascimile No.: (41-22) 338.82.70

For more detailed instructions, see the notes on the accompanying sheet.

2, D The applicant is hereby notified that no, international search report will be established and that the declaration under
Article 17(2)(a) to that effect and the written opinion of the International Ssarching Authority are transmitted herewith.

3. I:] With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that:

I:] the protest together with the decision thereon has been transmitted to the International Bureau together with the
applicant's request to forward the texts of both the protest and the decision thereon to the designated Offices,

D no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made.

4. Reminders
Shorlly after the expiration of 18 menths from the priority date, the international application will be published by the
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international
application, or of the priority claim, must reach the International Bureau as provided in Rules 904/s.1 and 90bis.3, respectively,
before the completion of the technical preparations for international publication.

The applicant may submit comments on an informal basis on the written opinion of the Intemational Searching Authority to the
International Bureau. The International Bureau will send a copy of such comments to all designated Offices unless an
international preliminary examination report has been or is to be established. These comments would also be made available to
the public but not before the expiration of 30 months from the priority date.

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for intemational preliminary
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the prescribed
acts for entry into the national phase before those designated Offices.

In respect of other designated Offices, the time limit of 30 months (or later) will apply even if no demand is filed within 19
months.

See the Annex to Form PCT/AB/301 and, for details about the applicable time limits, Office by Offics, ses the PCT Applicants
Guide, National Chapters,

Name and mailing address of the Intemational Searching Authority | Authorized officer

T a&% European Patent Office, P.B. 5818 Patentlaan 2 :
NL-2280 HV Rijswijk WALSH, Eric
. ) Te. (+31-70) 340-2040 Tel: +31 (0)70 340-3813
= _ Fax: (+31-70) 340-3016

Form PCTASA/220 (July 2009) (See notes on acooanying sheet)
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PATENT COOPERATION TREATY

PCT

INTERNATIONAL SEARCH REPORT

(PCT Article 18 and Rules 43 and 44)

Applicant’s or agent's file reference FOR FURTHER see Form PCT/ISA/220
38495/388217 ACTION as well as, where applicable, item 5 below.
International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/vear)
PCT/US2010/039443 22/06/2010 14/07/2009
Applicant

NAVICO, INC.

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

This international search report consists of a total of 4 sheets.
Itis also accompanied by a copy of each prior art document cited in this report.

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

the international application in the language in which it was filed

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

This intemational search report has been established taking into account the rectification of an obvious mistake
authorized by or notified to this Authority under Rule 91 (Rule 43.6bis(a)).

o. [
¢. [] With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I.

2. Certain claims were found unsearchable (See Box No. I1)

3. Unity of invention is lacking (see Box No lif)

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

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

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

6. With regard to the drawings,
a. the figure of the drawings to be published with the abstract is Figure No. _8a
[] assuggested by the applicant
as selected by this Authority, because the applicant failed to suggest a figure
D as seiected by this Authority, because this figure better characterizes the invention
b. D none of the figures is to be published with the abstract

Form PCT/ISA/210 (first sheet) (July 2009)
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2010/039443

Y CLASSIFICATION OF SUBJECT MATTER
INV. GO01S15/89 G01S15/96

ADD.

According 1o Intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbois)

G01S

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

EPO-Internal

Electronic data base consulled during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriale, of the relevant passages

Relsvant to claim No.

Y WO 98/15846 A1 (ROWE DEINES INSTR INC
[US]) 16 April 1998 (1998-04-16)
figures 3,4

* abstract

page 7, line 32

claim 1

Y US 3 618 006 A (WRIGHT CHARLES P)

2 November 1971 (1971-11-02)

* abstract; figures 1,2

A US 5 184 330 A (ADAMS JAMES W [US] ET AL)
2 February 1993 (1993-02-02)

figures 4,5,6

* abstract

1-99

1-99

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

* Special categories of cited documents :

*A* document defining the general state of the art which is not
considered to be of particular relevance invention

*E" earlier document bul published on or after the international

*L* document which may throw doubls on priority claim(s) or
which Is clted to establish the publication date of another
citation or other special reason (as specified)

*O" document referring to an oral disclosure, use, exhibition or

*P* document published prior 1o the international filing date but in the art.

later than the priority date claimed

"T* iater document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the princip_le or theory underlying the

fling dat *X* document of patticular relevance; the claimed invention
ing daie cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

*Y* document of particular relevance; the claimed invention
cannot be considered fo involve an Inventive step when the
document Is combined with one or more other such docu-

other means ments, such combination being obvious to a person skilled

'&" document member of the same patent family

Date of the actual completion of the internalional search

Date of mailing of the international search report

29 September 2010 06/10/2010

European Patent Office, P.B. 5818 Patentlaan 2
NL — 2280 HV Rijswijk

Fax: (+31-70) 340-3016

Name and mailing address of the 1ISA/ Authorized officer

Tel. (+31-70) 340-2040, Alberga, Vito
?

Form PCTASA/210 (second sheet) (April 2005)
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INTERNATIONAL SEARCH REPORT

international application No

PCT/US2010/039443

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Gitation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 4 879 697 A (LOWRANCE DARRELL J [US] ET
AL) 7 November 1989 (1989-11-07)

figure 4

* abstract

US 5 694 372 A (PERENNES MARC [FR])

2 December 1997 (1997-12-02)

figures 1,2

* abstract

1

Fom PCT/ISA/210 {continuation of second sheet) (April 2005)

page 2 of 2
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INTERNATIONAL SEARCH REPORT

international application No

Information on patent family members PCT /U $2010 / 039443
Patent document Publication Patent family Publication

citad in search report date member(s) date

WO 9815846 Al 16-04-1998 AT 236409 T 15-04-2003
DE 69720483 D1 08-05-2003
DE 69720483 T2 24-12-2003
EP 0929825 Al 21-07-1999
JP 3995270 B2 24-10-2007
JP 2001502058 T 13-02-2001
JP 4087430 B2 21-05-2008
JP 2007192830 A 02-08-2007
NO 991555 A 04-06-1999
us 5808967 A 15-09-1998

US 3618006 A 02-11-1971  NONE

US 5184330 A 02-02-1993  NONE

UsS 4879697 A 07-11-1989  NONE

US 5694372 A 02-12-1997 DE 69402084 D1 17-04-1997
DE 69402084 T2 19-06-1997
EP 0716751 Al 19-06-1996
FR 2709559 Al 10-03-1995
WO 9506885 Al 09-03-1995

Form PCT/ISA/210 {patent family annex) (April 2005)
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PATENT COOPERATION TREATY

From the
INTERNATIONAL SEARCHING AUTHORITY

PCT
WRITTEN OPINION OF THE
see form PCTASAR20 INTERNATIONAL SEARCHING AUTHORITY
(PCT Rule 43bis.1)
Date of mailing
{day/imonth/ear) see form PCTASA210 (second sheet)
Applicant's or agent's file reference FOR FURTHER ACTION
see form PCTASAR20 See paragraph 2 below
Intemational application No. Intemational filing date (day/monihyear) Priority date (day/monthjear)
PCTAS2010/039443 22.06.2010 14.07.2009

International Patent Classification (IPC) or both national classification and IPC

INV.G0151589 G0151506

Applicant
NAVICO, INC.

This opinion contains indications relating to the following items:

B BoxNo.l  Basis of the opinion
O BoxNo. Il Priority
[ Box No. Il Non-establishrent of opinion with regard to novelty, inventive step and industrial applicability

[J Box No. IV Lack of unity of invention

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

[0 Box No. VI Certain documents cited
Box No. VIl Certain defects in the international application
Box No. Vill  Certain observations on the international application

2.  FURTHER ACTION
If a demand for international preliminary examination is made, this opinion will usually 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 notifed 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 PCTASA/220 or before the expiration of 22 months from the priority date,
whichever expires later.
For further options, see Form PCTASA220.
3. For further details, see notes to Form PCTASAL20.
Name and mailing address of the ISA: Date of completion of Authorized Officer o
this opinion ﬁs"p““ R
o %
European Patent Office . R %
Q) P.B. 5818 Patentlaan 2 e 10 Alberga, Vito H _0)» ;
—— NL-2280 HV Rijswijk - Pays Bas %, N
Tel. +31 70 340 - 2040 Telephone No. +31 70 340-2798 Py an®
Fax: +31 70 340 - 3016 RAY-1
534 of
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAIS20100039443

Box No.| Basis of the opinion

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

[0 atranslation 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. O Tnis opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

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

a. {means)
- bn paper
3 in electronic form
b. (time)
[0 in the international application as filed
[0 together with the international application in electronic form

[1 subsequently to this Authority for the purposes of search
4. [1 Inaddition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical to that in the
application as filed or does not go beyond the application as filed, as appropriate, were furnished.

5. Additional comments:

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

1. Statement

Novelly (N) Yes: Claims 1-99
No: Claims
Inventive step (IS) Yes: Claims

No: Claims 1-99

Industrial applicability (1A) Yes: Claims 1-99
No: Claims

2. Citations and explanations

see separate sheet

Form PCTASA/237 (April 2007)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2010039443

Box No. Vil Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

see separate sheet

Box No. VII Certain observations on the international application

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

see separate sheet

Form PCTASA/ 237 (April 2007)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) ' PCT/US2010/039443
Re ltem V.
1 References

Reference is made to the following documents:

D1 WO 98/15846 A1 (ROWE DEINES INSTR INC [US]) 16 April 1998
(1998-04-16)

D2 US 3618 006 A (WRIGHT CHARLES P) 2 November 1971
(1971-11-02)

D3 US 5 184 330 A (ADAMS JAMES W [US] ET AL) 2 February 1993
(1993-02-02) '

D4 US 4 879 697 A (LOWRANCE DARRELL J [US] ET AL) 7
November 1989 (1989-11-07)

D5 US 5 694 372 A (PERENNES MARC [FR]) 2 December 1997
(1997-12-02)

2 Independent claims 1, 32, 57 and 76

Further to a lack of clarity discussed below, the present application does not
meet the criteria of Article 33(1) PCT, because the subject-matter of claims 1,
32, 57 and 76 does not involve an inventive step in the sense of Article 33(3)

PCT.

2.1 The document D1 is regarded as being the closest prior art to the subject-
matter of claim 1, and insofar as this claim can be understood, this document
shows the following features thereof (the references in parentheses applying
to this document):

a transducer array (abs.) comprising:

a plurality of transducer elements (fig.3), each one of the plurality of
transducer elements having a substantially rectangular shape (pag.
7, 1.32) configured to produce a sonar beam having a beamwidth in
a direction parallel to longitudinal length of the transducer elements
that is significantly less than a beamwidth of the sonar beam in a
direction perpendicular to the longitudinal length of the transducer
elements (fig.3 and 4), wherein the plurality of transducer elements
are positioned such that longitudinal lengths of at least two of the

Form PCT/ISA/237 (Separale Sheet) {Sheet 1) (EPO-April 2005)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2010/039443

plurality of transducer elements are substantially parallel to each
other (fig.4), and wherein the plurality of transducer elements
include at least:

i) afirst linear transducer element to project sonar pulses in
a first direction (fig.3),

i) asecond linear transducer element positioned to lie
substantially in a plane with the first linear transducer element
and to project sonar pulses in a second direction that is
generally opposite of the first side (fig.3), and

iif) athird linear transducer element positioned to project
sonar pulses in a direction substantially perpendicular to the
plane (fig.3).

The subject-matter of claim 1 therefore differs from this known system in that
the transducer elements are positioned within a housing.

The problem to be solved by the present invention may therefore be regarded
as:

how to conveniently arrange the transducer elements of an array.

A housing is described in document D2 (see, e.g., fig.1) as providing the same
advantages as in the present application. The skilled person would therefore
regard it as a normal design option to include this feature in the system
described in D1 in order to solve the problem posed.

Therefore, the subject-matter of independent claim 1 is not inventive in the
sense of Article 33(3) PCT.

2.2 Claims 32, 57 and 76 appear to be just reformulations of claim 1. The
objections raised in respect of this claim also apply, mutatis mutandis, to
claims 32, 57 and 76. The subject-matter of independent claims 32, 57 and 76
is therefore not inventive (Article 33(3) PCT).

Dependent claims 2-31, 33-56, 58-75 and 77-99

3.1 Claims 2-31, 33-56, 58-75 and 77-99 are dependent on claims 1, 32, 57 and
76, respectively, and as such also do not meet the requirements of PCT with
respect to inventive step (Article 33(3) PCT).

Re Item VII.

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-April 2005)
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WRiTTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2010/039443

4.1 Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background
art disclosed in documents D1, D2, D3, D4 and D5 is not mentioned in the
description, nor are these documents identified therein.

4.2 Independent claims 1, 32, 57 and 76 are not in the two-part form in
accordance with Rule 6.3(b) PCT, which in the present case would be
appropriate, with those features known in combination from the prior art
(document D1) being placed in the preamble (Rule 6.3(b)(l) PCT) and with the
remaining features being included in the characterising part (Rule 6.3(b)(ii)
PCT).

43 The features of the claims are not provided with reference signs placed in
parentheses (Rule 6.2(b) PCT).

Re Iltem VHI.

5

5.1 Although claims 1, 32, 57 and 76 have been drafted as separate independent
claims, they appear to relate effectively to the same subject-matter and to
differ from each other only with regard to the definition of the subject-matter
for which protection is sought and in respect of the terminology used for the
features of that subject-matter. The aforementioned claims therefore lack
conciseness and as such do not meet the requirements of Article 6 PCT.

5.2 Terms like "substantially", "significantly”, "generally" used, e.g., in claim 1 and
in several other claims, are unclear and leave the reader in doubt as to the
meaning of the technical features to which they refer, thereby rendering the
definition of the subject-matter of said claims unclear (Articie 6 PCT).
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JAMES HULKA 3662

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

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status

)X Responsive to communication(s) filed on 29 August 2011.
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[J An election was made by the applicant in response to a restriction requirement set forth during the interview on
___ ;therestriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims

5)X Claim(s) 1-99 is/are pending in the application.
5a) Of the above claim(s) 1-56 is/are withdrawn from consideration.

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

7)X] Claim(s) 57-99 is/are rejected.

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

9)[J Claim(s) _____ are subject to restriction and/or election requirement.

Application Papers

10)[] The specification is objected to by the Examiner.
11)[] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
12)[] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

13)[] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)J Al b)[J Some * ¢)[] None of:
1.[] Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ____
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.
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1) IZI Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)

2) [] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date. _
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Paper No(s)/Mail Date 20101028. 6) D Other:
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DETAILED ACTION

Election/Restrictions
1. Applicant’s election without traverse of Species Il, Claims 57-99, in the reply
filed on 29 August 2011 is acknowledged. Claims 1-56 have been withdrawn from
further consideration pursuant to 37 CFR 1.142(b) as being drawn to a nonelected
Species, there being no allowable generic or linking claim. Election was made without

traverse in the reply filed on 29 August 2011.

Claim Rejections -35USC § 112

2. The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

3. Claims 59, 60, 62 and 72 are rejected under 35 U.S.C. 112, second
paragraph, as being indefinite for failing to particularly point out and distinctly claim
the subject matter which applicant regards as the invention.
4. Regarding Claim 59, the phrase "about 455 kHz and 800 KHz" is indefinite. The
examiner interprets frequencies within 50 KHz above or below each value to be about
455 KHz or about 800 KHz.

Regarding Claim 60, the phrases "about 0.8 degrees", "about 32 degrees",
"about 1.4 degrees", and “about 56 degrees" are indefinite. The examiner interprets any
angle between 0.3 and 1.3 degrees to be about 0.8 degrees. The examiner interprets

any angle between 0.9 and 1.9 degrees to be about 1.4 degrees. The examiner
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interprets any angle between 27 and 37 degrees to be about 32 degrees. The examiner
interprets any angle between 51 and 61 degrees to be about 56 degrees.

Regarding Claim 62, the phrases “about 120 mm” and “about 3 mm” are
indefinite. The examiner interprets any length between 100 mm and 140 mm to be
about 120 mm. The examiner interprets any width between 2 mm and 4 mm to be about
3 mm.

Regarding Claim 72, the phrase “substantially perpendicular" is indefinite. The
examiner interprets any angle between the center of the beams that is between 85

degrees and 95 degrees to be substantially perpendicular.

Claim Rejections - 35 USC § 103
5. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

6. Claims 57, 61, 72, 75-76, 78-79, 94 and 97 are rejected under 35 U.S.C.
103(a) as being unpatentable over Nishimori (5,561,641) in view of Shah
(2006/0002232).

7. Regarding Claim 57, Nishimori teaches a transducer array comprising:, the linear
transducer element having a substantially rectangular shape configured to produce a
sonar beam having a beam width in a direction parallel to longitudinal length of the

linear transducer element ... wherein the linear transducer element is positioned within

RAY-1002
550 of 737



Application/Control Number: 12/460,139 Page 4
Art Unit: 3662

the housing to project sonar pulses in a direction substantially perpendicular to a plane
corresponding to the surface [Col. 18 Lines 1-20]. Nishimori does not explicitly teach a
housing mountable to a watercraft ... Shah teaches a housing mountable to a watercraft
... [0029]. It would have been obvious to modify the array of Nishimori with a housing
mountable to a watercraft because it would allow the transducer to be transported
without being damaged.

Regarding Claim 61, Nishimori does not teach communicating with a single
transceiver. Shah teaches communicating with a single transceiver [0029]. It would
have been obvious to modify the array of Nishimori to include communicating with a
single transceiver to reduce equipment costs.

Regarding Claim 76, Nishimori teaches a linear transducer element positioned
..., the linear transducer element having a substantially rectangular shape configured to
produce a sonar beam having a beam width in a direction parallel to longitudinal length
of the linear transducer element that is significantly less than a beam width of the sonar
beam in a direction perpendicular to the longitudinal length of the transducer element,
wherein the linear transducer element is positioned to project sonar pulses in a direction
substantially perpendicular to a plane corresponding to the surface of a body of water; a
sonar module configured to enable operable communication with the transducer array,
the sonar module including: a sonar signal processor [Col 12, Lines 30-45] to process
sonar return signals received via the linear transducer element. Nishimori does not
teach a housing ... or at least one transceiver configured to provide communication

between the linear transducer element and the sonar signal processor. Shah teaches a
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housing ... or at least one transceiver configured to provide communication between the
linear transducer element and the sonar signal processor [0029]. It would have been
obvious to modify the array of Nishimori with a housing because it would allow the
transducer to be transported without being damaged, and the transceiver would allow
for more efficient and faster processing of the location data.

Regarding Claims 72 and 94, Nishimori also teaches a circular transducer
element ... [Col 18, Lines 1-20].

Regarding Claims 75 and 97, Nishimori also teaches sonar signal returns from
the circular transducer element and linear transducer element provide generally
simultaneous data [Col 22, Lines 5-15].

Regarding Claim 78, Nishimori also teaches a sonar module is provided within a
separate housing [Fig. 18].

Regarding Claim 79, Nishimori also teaches at least one display unit ... [86 of

Fig. 18].

8. Claims 58, 65-71, 74, 80-81, 83, 88-93, 96, 98 and 99 are rejected under 35
U.S.C. 103(a) as being unpatentable over Nishimori (5,561,641) in view of Shah
(2006/0002232) as applied to claims 57, 72, 76 and 94 above, and further in view of
Zimmerman (2007/0025183).

9. Regarding Claims 58 and 83, Nishimori does not explicitly teach a linear
transducer element is configured to operate at a selected one of at least two selectable

operating frequencies. Zimmerman teaches a linear transducer element is configured to
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operate at a selected one of at least two selectable operating frequencies [0003]. It
would have been obvious to modify the system of Nishimori to be able to detect different
types of objects effectively.

Regarding Claim 65, Nishimori does not explicitly teach a beam width in the
direction parallel to longitudinal length of the linear transducer element is less than
about five percent as large as the beam width of the sonar beam in the direction
perpendicular to the longitudinal length of the linear transducer element. Zimmerman
teaches a beam width in the direction parallel to longitudinal length of the linear
transducer element is less than about five percent as large ... [Fig. 3]. It would have
been obvious to modify the system of Nishimori to include a narrow beam in one
direction to increase resolution of successive 2-D images.

Regarding Claims 66, 67 and 88, Nishimori does not explicitly teach images
corresponding to data received via the linear transducer provide data regarding bottom
features over less than fifty (or twenty) percent of a display screen when displayed.
Zimmerman teaches images corresponding to data received via the linear transducer
provide data regarding bottom features over less than fifty (or twenty) percent of a
display screen when displayed [Claim 9]. It would have been obvious to modify the
system of Nishimori to include display of images on less than fifty or twenty percent of a
display screen to be able to see multiple images at one time, or to analyze a time series
of data.

Regarding Claims 68-70, 89-91 and 93, Nishimori does not explicitly teach

images of sonar data ... representing bottom data, depth data, water column data, or
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data below the linear transducer element. Zimmerman teaches images of sonar data
corresponding to data received via the linear transducer element representing bottom
data, depth, data water column data, or data below the linear transducer element [0063-
0065]. It would have been obvious to modify the system of Nishimori to include
providing images with depth data, water bottom data, depth data, or data from vertically
below the element in order to notify the operators of any physical obstacles or hazards.

Regarding Claims 71 and 92, Nishimori does not explicitly teach sonar data
images of two or more of ... Zimmerman teaches sonar data images of two or more of ...
[0063-0065]. It would have been obvious to modify the system of Nishimori to include
providing images or two or more of depth data, water bottom data, or depth data in
order to notify the operators of any physical obstacles or hazards.

Regarding Claims 74 and 96, Nishimori does not teach linear transducer and
circular transducer elements are positioned to project fan-shaped and conical sonar
beams ... to sonify areas of the bottom that at least partially overlap. Zimmerman
teaches linear transducer and circular transducer elements are positioned to project fan-
shaped and conical sonar beams ... to sonify areas of the bottom that at least partially
overlap [0027]. It would have been obvious to modify the system of Nishimori to include
overlapping circular and linear transducer beams to improve sonar image resolution.

Regarding Claim 80, Nishimori does not explicitly teach a display and the sonar
module are in the same housing. Zimmerman teaches a display and the sonar module

are in the same housing [Fig. 4a]. It would have been obvious to modify the system of
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Nishimori to put both items in the same housing to reduce the number of pieces of
equipment on board the vessel.

Regarding Claim 81, Nishimori does not explicitly teach at least one display of
the plurality of displays is enabled to simultaneously provide different images...
Zimmerman teaches at least one display of the plurality of displays is enabled to
simultaneously provide different images... [Claim 9]. It would have been obvious to
modify the system of Nishimori to include display of different images simultaneously to
be able to see multiple images at one time, or to analyze a time series of data.

Regarding Claim 98, Nishimori does not explicitly teach data from at least one of
the group of radar, GPS, digital mapping, time and temperature. Zimmerman teaches
data from at least one of the group of radar, GPS, digital mapping, time and
temperature [0023, 0064]. It would have been obvious to modify the system of Nishimori
to include data from at least one of those resources to improve location tracking of
desired underwater targets.

Regarding Claim 99, Nishimori does not explicitly teach display of the data is in a
user-selectable format. Zimmerman teaches display of the data is in a user-selectable
format [0064-065]. It would have been obvious to modify the system of Nishimori to
include a user selectable display format screen to be able to see multiple images at one

time, or to analyze a time series of data.
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10. Claims 64, 73, 77, 85, 87 and 95 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Nishimori (5,561,641) in view of Shah (2006/0002232) as applied
to claims 57, 72 and 76 above, and further in view of Thompson (7,542,376).

11. Regarding Claim 64, Nishimori does not teach a housing has a streamlined
shape. Thompson teaches a housing has a streamlined shape [Col. 2, Lines 35-55]. It
would have been obvious to modify the system of Nishimori to include a streamlined
housing in order to protect the contents of the system from being damaged.

Regarding Claims 73 and 95, Nishimori does not explicitly teach linear and
circular transducer elements are in the same housing or that the circular transducer
element produces a conical downscan beam from within the same housing. Thompson
teaches linear and circular transducer elements are in the same housing or that the
circular transducer element produces a conical downscan beam from within the same
housing [Col. 2, Lines 35-55]. It would have been obvious to modify the system of
Nishimori to include putting both transducers in the same housing to reduce material
cost.

Regarding Claim 77, Nishimori does not explicitly teach an Ethernet hub ...
Thompson teaches an Ethernet Hub ... [Col. 6, Lines 10-15]. It would have been
obvious to modify the system of Nishimori to include an Ethernet hub to allow multiple
users to analyze the sonar data and images, or to increase the speed of data transfer.

Regarding Claims 85 and 87, Nishimori does not explicitly teach a housing being
mountable to a watercraft ... capable of traversing a surface of a body of water.

Thompson teaches a housing being mountable to a watercraft ... capable of traversing
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a surface of a body of water [Col. 2 Lines 30-45]. It would have been obvious to modify
the system of Nishimori to include mounting a housing to a watercraft in order to

examine different areas of a body of water more efficiently.

12. Claim 60 is rejected under 35 U.S.C. 103(a) as being unpatentable over
Nishimori (5,561,641) in view of Shah (2006/0002232) as applied to claim 57 above,
and further in view of Audi (5,438,552).

13. Regarding Claim 60, Nishimori does not teach a beam width of a linear
transducer element is about 0.8 degrees by about 32 degrees or about 1.4 degrees by
about 56 degrees. Audi teaches a beam width of a linear transducer element is about
0.8 degrees by about 32 degrees or about 1.4 degrees by about 56 degrees [Col. 1,
Lines 15-35]. It would have been obvious to modify the system of Nishimori to produce
a wide, thin beam to cover a large area while also producing higher resolution sonar

images.

14. Claim 62 is rejected under 35 U.S.C. 103(a) as being unpatentable over
Nishimori (5,561,641) in view of Shah (2006/0002232) as applied to claim 57 above,
and further in view of Blue (5,850,372) and Bird (4,774,837).

15. Regarding Claim 62, Nishimori does not teach a length of a rectangular face of
the linear transducer element is about 120 mm and a width of the rectangular face of
the linear transducer element is about 3 mm. Blue [Col 6, Lines 1-5] and Bird [Col 2.

Lines 40-60] teach a length of a rectangular face of the linear transducer element is
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about 120 mm and a width of the rectangular face of the linear transducer element is
about 3 mm. It would have been obvious to modify the system of Nishimori to make a
specific size transducer to produce a beam for desired applications and also to

eliminate unnecessary costs.

16. Claims 59 and 84 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Nishimori (5,561,641) in view of Shah (2006/0002232) as applied to claims 57
and 76 above, and further in view of Zimmerman (2007/0025183), Richard
(4,538,249) and Adams (5,184,330).

17.  Regarding Claim 59, Nishimori does not explicitly teach selectable operating
frequencies include about 455 kHz and 800 KHz. Zimmerman [0003], Adams [Col. 5,
Lines 1-5], and Richard [Col. 8, Lines 45-60]. It would have been obvious to modify the
system of Nishimori to include specific frequencies depending on the types of objects

being tracked by the sonar in the water.

18. Claim 82 is rejected under 35 U.S.C. 103(a) as being unpatentable over
Nishimori (5,561,641) in view of Shah (2006/0002232) as applied to claim 76 above,
and further in view of Wilcox (5,142,502).

19. Regarding Claim 82, Nishimori does not explicitly teach configuration settings
defining a predefined set of display images ... Wilcox teaches configuration settings

defining a predefined set of display images ... [Col. 3, Lines 50-70]. It would have been
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obvious to modify the system of Nishimori to include configuration settings to allow the

user to compare different sonar images taken during different surveys.

20. Claims 63 and 86 are rejected under 35 U.S.C. 103(a) as being unpatentable
over Nishimori (5,561,641) in view of Shah (2006/0002232) as applied to claims 57,
76, and 85 above, further in view of Thompson (7,542,376) and Zimmerman
(2007/0025183).

21.  Regarding Claims 63 and 86, Nishimori does not teach a housing is mountable to
a vessel to generate sonar pulses defining a fan-shaped beam extending from one side
of the vessel to an opposite side of the vessel. Nishimori does not explicitly teach a
housing mountable to a watercraft ... Thompson teaches a housing mountable to a
watercraft ... [Col. 2 Lines 35-55]. It would have been obvious to modify the array of
Nishimori with a housing mountable to a watercraft because it would allow the
transducer to be transported without being damaged. Zimmerman teaches a fan-shaped
beam ... [Fig 3]. It would have been obvious to modify the system of Nishimori to include

a fan-shaped beam to identify objects in a larger area near the vessel.

Conclusion
Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JAMES HULKA whose telephone number is (571)270-
7553. The examiner can normally be reached on Monday thru Thursday 7:30am-5pm,

Every 2nd Friday, 7:30am - 4pm.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, Thomas Tarcza can be reached on 571-272-6979. The fax phone number
for the organization where this application or proceeding is assigned is 571-273-8300.

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

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

. H./
Examiner, Art Unit 3662

/Thomas H. Tarcza/
Supervisory Patent Examiner, Art Unit 3662

RAY-1002
560 of 737



Application/Control No. Applicant(s)/Patent Under
Reexamination
. . 12/460,139 MAGUIRE, BRIAN T.
Notice of References Cited . .
Examiner Art Unit
JAMES HULKA 3662 Page 1 of 1

U.S. PATENT DOCUMENTS

Countre?otg—?\lr::m’\tlnzmgﬁg Code MM[?(t\((aYY Name Classification
A | US-4,068,209 A 01-1978 Lagier, Michel 367/158
B | US-4,538,249 A 08-1985 Richard, Joseph D. 367/94
c | US-4,774,837 A 10-1988 Bird, Jeremy 73/181
D | US-5,142,502 A 08-1992 Wilcox et al. 367/88
E | US-5,438,552 A 08-1995 Audi et al. 367/88
F | US-5,561,641 A 10-1996 Nishimori et al. 367/90
G | US-5,850,372 A 12-1998 Blue, Joseph E. 367/139
H | US-2005/0099887 A1 05-2005 Zimmerman et al. 367/012
| | US-2006/0002232 A1 01-2006 Shah et al. 367/082
J | US-2007/0025183 A1 02-2007 Zimmerman et al. 367/088
K | US-7,542,376 B1 06-2009 Thompson et al. 367/104
L | USs-
M | US-
FOREIGN PATENT DOCUMENTS
Document Number Date e
Country Code-Number-Kind Code MM-YYYY Country Name Classification
N
O
P
Q
R
S
T
NON-PATENT DOCUMENTS
Include as applicable: Author, Title Date, Publisher, Edition or Volume, Pertinent Pages)
U Gary Melvip, Yanchao Li, Larry Mayer, and Allan Clay "Commercial fishing vessels, automatic acoustic logging systems and 3D
data visualization” ICES J. Mar. Sci. (2002) 59(1 ): 179-189

\
w
X

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

U.S. Patent and Trademark Office

PTO-892 (Rev. 01-2001) RAY-1002

561 of 737

Notice of References Cited Part of Paper No. 20110913



U.S. Patent and Trademark Office

Part of Paper No. : 20110913

Application/Control No. Applicant(s)/Patent Under
Reexamination
Search Notes 12460139 MAGUIRE, BRIAN T.
Examiner Art Unit
JAMES HULKA 3662
SEARCHED
Class Subclass Date Examiner
367 88 9/13/2011 JH
SEARCH NOTES
Search Notes Date Examiner
EAST (Keyword and Class Limited) 9/13/2011 JH
PALM (Inventor Name) 9/13/2011 JH
Google (Keyword) 9/13/2011 JH
INTERFERENCE SEARCH
Class Subclass Date Examiner
NH/
Examiner.Art Unit 3662
RAY-1002
562 of 737



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

Substitute for fi 1449/PTO Complete if Known
ubstitute 1or rorm : 3
(Revised 07/2007) A.p.pllcatlon Number 12/460,139
Filing Date July 14, 2009
First Named Inventor Brian T. Maguire
INFORMATION DISCLOSURE 2 Unic R
STATEMENT BY APPLICANT , ,
(Use as many sheets as necessary) Examiner Name Not Yet Assigned fJames 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 11-02-1971 The Boeing Company
2 US-4,879,697 11-07-1989 Lowrance, et al.
3 US-5,184,330 02-02-1993 Adams, et al.
4 1S-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
E)fgmxner Cite publisher, city and/or country where published.
Initials* No.
6 | International Search Report and Written Opinion mailed October 6, 2010, for
International Application No. PCT/US2010/039443
Examiner / / Date Ty
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
563 of 737

ALL REFERENCES CONSIDERED EXCEPT WHERE LINED THROUGH. /J.H./|




Index of Claims

12460139

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

Reexamination
MAGUIRE, BRIAN T.

Examiner
JAMES HULKA

Art Unit

3662

v Rejected -

Cancelled

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

1 =

N

Olo|N[lO|O|B|W|N
|

-
o
|

-
-
|

-
n
|

-
w
|

o
~
I

-
[4)]
|

-
o
|

-
~
|

-
o]
|

-
©0
|

N
o
|

N
=
|

N
N
|

n
w
|

n
i
I

N
4]
|

N
o
|

N
J
|

N
[o3]
|

N
©
|

w
o
|

w
g
|

w
N
|

w
()
|

w
I
I

w
4]
|

36 =

Zl|Z|1Z|Z|Z|Z2|Z2|Z|Z|Z|Z|Z|Z|Z2|Z2|Z2|Z2|Z2|Z|(Z|Z2|Z2|Z2|Z2|Z2|Z2|Z2|Z2|(Z2|Z2|Z2|Z2|Z2|Z2]|Z2

U.S. Patent and Trademark Office

Part of Paper No. : 2011 odRAY-1002

564 of 737



Index of Claims

12460139

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

Reexamination
MAGUIRE, BRIAN T.

Examiner

JAMES HULKA

Art Unit

3662

v Rejected -

Cancelled

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

37 =

N

38 =

39 =

40 +

41 =

42 +

43 +

44 +

45 +

46 +

47 =

48 =

49 =

50 =

51 =

52 =

53 =

54 +

55 =

56 =

57 =

58 =

59 =

60 =

61 =

62 =

63 =

64 +

65 =

66 =

67 =

68 =

69 =

70 =

71 =

S SL sl s81888 2212121221212 21Z212(21Z21212(Z2121212

72 =

U.S. Patent and Trademark Office

Part of Paper No. : 2011 odRAY-1002

565 of 737



Index of Claims

Application/Control No.

12460139

Applicant(s)/Patent Under
Reexamination

MAGUIRE, BRIAN T.

Examiner
JAMES HULKA

Art Unit

3662

v Rejected -

Cancelled N

Non-Elected A Appeal

= Allowed =

Restricted |

Interference o) Objected

O Claims renumbered in the sam<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>