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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
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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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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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6 {156 ("5850372" "5930199" "5991239" US-PGPUB; {OR OFF  {2011/12/06
"6002644" "6084827" "6215730" USPAT; 11:03
"6335905" "6421299" "6449215" USOCR;
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"6980688" "7236427" "7355924" DERWENT;
"7405999" "7542376" "7652952" |BM_TDB
"7710825" "7729203" "7755974"
'20030202426").pn.
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"4030096" "4047148" "4052693" USPAT; 11:15
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"4184210" "4197591" "4198702" FPRS;
"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-$% or US-6335905-% or US-
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(US-5200931-% or US-5214744-% or
US-5241314-$ 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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5033029-$% or US-4982924-% or US-
4975887-$ or US-4970700-$ or US-
4958330-$ or US-4939700-$% or US
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4063212-$ 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-$).did.
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FPRS;
EPO; JPC;
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7710825-$% or US-7652952-% or US-
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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-$% or US-5850372-%).did. or
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US-5241314-$ 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;

file:///Cl/Users/jhulka/Documents/e-Red%20Folder/12460139/EASTSearchHistory.12460139_AccessibleVersion.htm[12/12/2011 5:34:56 PM]

RAY-1002
365 of 737



EAST Search History

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.
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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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