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!! !5/*-&-1,0/&,0&7,+/7=&<1&,-58/*0/&,-&<6/&23<38/&
!! $&.71;*7&>81;7/E&8/L3,8,-.&*&.71;*7&0173@1-&
!! '-58/*0,-.&>8/0038/&281E&15/*-&0<*+/6174/80&M&>3;7,5A&

%N!O0A&.1D/8-E/-<0&*8/&/P>8/00,-.&51-5/8-0&
!! !Q0618/&/51-1E,5*7&,-</8/0<0&51374&;/&*<&8,0+&
!! :*5+&12&05,/-@R5&*>>81*56&51374&7/*4&<1&>8/5*3@1-&*-4&

/P5/00,D/&8/.37*@1-&
!! !5/*-&30/80&-//4&*&05,/-@R5&E*-*./E/-<&*>>81*56&M&,F/F&

8,0+&E*-*./E/-<&<1170&<1&>8/4,5<&*-4&E,@.*</&>1</-@*7&
,E>*5<&&
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C%"#SB$'%B'#(I&
T!0>/5,/0&*Q/5</4&

T!;/6*D,138&51-5/8-/4&
T!013-4&56*8*5</8,0@50&

T!53E37*@D/&/Q/5<0&
T!*D*,7*;7/&<1170&218&E1-,<18,-.A&E,@.*@1-A&

E14/77,-.A&0<8*-4,-.&8/0>1-0/A&/-D,81-E/-<&
,E>*5<&*00/00E/-<&&

 ! !

 !
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 !  !
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)18/77A&)FA&U/.177*4*A&#FA&$71-01A&VF)FA&V*3-,*3PA&BFA&:/1>174A&)FA&"*E>63=0/-A&WF"FVFA&$-489A&)F&U/5*75,2=,-.&>81<1517&12&141-<15/</&/*8&0*E>7/0&K,<6&SU!XF&V138-*7&12&
<6/&$5130@5*7&(15,/<=&12&$E/8,5*A&D17&YZ[A&>F[\Y]A&Z^^_&
&
)18/77A&)FA&U/.177*4*A&#FA&D*-&4/8&(56**8A&)FA&$71-01A&VF)FA&U/718=A&#FA&:`>/aA&$FA&U/K/aA&$FA&$-489A&)F&"1E>*8*@D/&E18>61E/<8=&12&141-<15/</&/*80&<6813.6&
51E>3</8,a/4&<1E1.8*>6=F&V138-*7&12&<6/&)*8,-/&?,171.,5*7&$0015,*@1-&12&<6/&C-,</4&W,-.41EA&D17&_bA&,003/&YA&>F\]Tb\A&c/;&Z^^b&

$00/00E/-<&12&$5130@5&B8*3E*&,-&)*8,-/&)*EE*70&

T!?,171.,5*7&(/-018=&(=0</E0&
&T!d*00,D/&$5130@5&)1-,<18,-.&
&T!)14/7,-.&&

T!S/.37*@1-&*-4&'-</8-*@1-*7&'-,@*@D/0&
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:1K&c8/L3/-5=&%1,0/&*-4&$5130@5&
B8*3E*&,-&"/>6*71>140&&

$-489A&)FA&(179A&)FA&:/-1,8A&)FA&U38218<A&)FA&e3/81A&"FA&)*0A&$FA&:1E;*8</A&$FA&D*-&4/8&(56**8A&)FA&:`>/aT?/f*8A&)FA&)18/77A&)FA&g*3..A&(FA&h139.-,.*-A&:F&:1K&
28/L3/-5=&013-40&,-435/&*5130@5&<8*3E*&,-&5/>6*71>140F&c81-@/80&,-&#5171.=&*-4&<6/&#-D,81-E/-<&A&>F41,IY^FY_]^JY^^YZiA&Z^YYF&$D*,7*;7/&*<&
KKKF7*;F3>5F/0J281-@/80&
&
(179A&)FA&:/-1,8A&)FA&U38218<A&)FA&:`>/aT?/f*8A&:1E;*8</A&$FA&D*-&4/8&(56**8A&)FA&$-489A&)F&Z^YZF&U1/0&/P>1038/&<1&-1,0/&281E&63E*-&*5@D,@/0&51E>81E,0/&
0/-018=&,-218E*@1-&281E&5/>6*71>14&0<*<15=0<0j&U//>T(/*&S/0F&''&kZ^YZlA&6H>IJJ4PF41,F18.JY^FY^Y\JfF408ZFZ^YZFY^F^^\&&
&
(179&)A&:/-1,8&)A&U38218<&)A&:`>/aT?/f*8&)A&:1E;*8</&$A&/<&*7F&kZ^Y[l&C7<8*0<835<38*7&U*E*./&12&!"#$%"&'(#%)*$+&*-4&,##-.&/"$01-2$&0<*<15=0<0&*m/8&
:1K&c8/L3/-5=&(13-4&#P>1038/F&d:1(&!%#&_kY^lI&/b__ZnF&41,IY^FY[bYJf138-*7F>1-/F^^b__Zn&

T!?,171.,5*7&(/-018=&(=0</E0&
&T!d*00,D/&$5130@5&)1-,<18,-.&
&T!)14/7,-.&&

T!S/.37*@1-&*-4&'-</8-*@1-*7&'-,@*@D/0&
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o*-&4/8&N8**2&$VA&$,-07,/&)$A&$-489&)A&?8/-0,-.&WA&U*7/-&VA&
U/+/7,-.&Sd$A&S1;,-01-&(A&B*0+/8&):A&B61E0/-&cA&p/8-/8&(&
kZ^YZlF&#381>/*-&)*8,-/&(<8*</.=&c8*E/K18+&U,8/5@D/&T&
N114&#-D,81-E/-<*7&(<*<30&k)(cU&N#(lI&S/>18<&12&<6/&

B/56-,5*7&(3;.813>&1-&C-4/8K*</8&-1,0/&*-4&1<6/8&218E0&12&
/-/8.=F&&

T!?,171.,5*7&(/-018=&(=0</E0&
&T!d*00,D/&$5130@5&)1-,<18,-.&
&T!)14/7,-.&&

T!S/.37*@1-&*-4&'-</8-*@1-*7&'-,@*@D/0&

Bh#&$ddS!$"h&&
T!#C&)*8,-/&(<8*</.=&c8*E/K18+&U,8/5@D/&&

T!$-&'-</8-*@1-*7&e3,/<&!5/*-&#P>/8,E/-<&6H>IJJKKKF,L1/TZ^YYF18.J&
T!"/<*5/*-&*-4&(13-4&)*>>,-.&6H>IJJKKKF0<F-E20F-1**F.1DJ5/<013-4J&&

T!&?!#)&#Q/5<0&12&%1,0/&1-&c,06A&c,06/8,/0&*-4&'-D/8</;8*</0&6H>IJJKKKF;1/E013-4K18+061>F51EJ&
T!&B6/&/Q/5<0&12&%1,0/&1-&$L3*@5&:,2/&6H>IJJKKKF*L3*@5-1,0/F18.J&

T!#qd&(13-4&*-4&)*8,-/&:,2/&d81.8*E&6H>IJJKKKF013-4*-4E*8,-/7,2/F18.J&
T!B6/&!r5/&12&%*D*7&S/0/*856&k!%SlA&)*8,-/&)*EE*7&?,171.=&d81.8*E&k))?lA&6H>IJJ

KKKF1-8F-*D=FE,7J&
T!(/D/8*7&#C&23-4/4&>81.8*EE/0I&(':#%oA&$""#((A&$eC!A&(!%'"A&d#S(#C(A&"!"!%#B&

T!#C&'-,@*@D/0I&$("!?$%(A&$""!?$)(&
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Bh#&$ddS!$"h&&
T!#C&)*8,-/&(<8*</.=&c8*E/K18+&U,8/5@D/&&

o*-&4/8&N8**2&$VA&$,-07,/&)$A&$-489&)A&?8/-0,-.&WA&U*7/-&VA&
U/+/7,-.&Sd$A&S1;,-01-&(A&B*0+/8&):A&B61E0/-&cA&p/8-/8&(&
kZ^YZlF&#381>/*-&)*8,-/&(<8*</.=&c8*E/K18+&U,8/5@D/&T&
N114&#-D,81-E/-<*7&(<*<30&k)(cU&N#(lI&S/>18<&12&<6/&

B/56-,5*7&(3;.813>&1-&C-4/8K*</8&-1,0/&*-4&1<6/8&218E0&12&
/-/8.=F&&

T!?,171.,5*7&(/-018=&(=0</E0&
&T!d*00,D/&$5130@5&)1-,<18,-.&
&T!)14/7,-.&&

T!S/.37*@1-&*-4&'-</8-*@1-*7&'-,@*@D/0&

'%U'"$B!S(&!c&N!!U&#%o'S!%)#%B$:&(B$BC(&c!S&
C%U#Sp$B#S&%!'(#&$%U&!Bh#S&c!S)(&!c&#%#SNs&
&
TY^&haTY^+a&,E>370,D/&013-40&
TYJ[&;*-40&5/-<8/4&*<&\[&ha&*-4&YZn&ha&
&
&
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:*;18*<18=&12&$>>7,/4&?,1*5130@50A&B/56-,5*7&C-,D/80,<=&12&"*<*71-,*&
?*85/71-*B/56A&(>*,-A&E,56/7F*-48/G3>5F/43A&6H>IJJKKKF7*;F3>5F/43&

(!%(#B"F"!)A&)*+,-.&(/-0/&12&(13-40&
&

T! #C&23-4/4&>81f/5<0&1-&06,>&-1,0/&k(':#%oA&$eC!&q&(!%'"l&
T! )/*038,-.&06,>&-1,0/&
T! )14/7,-.&06,>&-1,0/&
T! )*0+,-.&/Q/5<0&12&06,>&-1,0/&&
T! 'E>7,5*@1-0&438,-.&#qd&!>/8*@1-0&

"#$%&'A&(6,>0&18,/-</4&'--1D*@D/&01:3@1-0&<1&8#435/&%1,0/&*-4&o,;8*@1-0&k%qolA&
6H>IJJ0,7/-DF/3J&&kZ^^]TZ^YZl&
!
()*+A&$56,/D/&eC,/</8&!5/*-0&;=&06,>>,-.&-1,0/&211<>8,-<&8/435@1-&
6H>IJJ*L31F/3&kZ^YZTZ^Ynl&
&
(!%'"A&(3>>8/00,1-&!2&3-4/8K*</8&%1,0/&'-435/4&;=&"*D,<*@1-&kZ^YZTZ^Ynl&
&
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:*;18*<18=&12&$>>7,/4&?,1*5130@50A&B/56-,5*7&C-,D/80,<=&12&"*<*71-,*&
?*85/71-*B/56A&(>*,-A&E,56/7F*-48/G3>5F/43A&6H>IJJKKKF7*;F3>5F/43&

(!%(#B"F"!)A&)*+,-.&(/-0/&12&(13-40&
&

"#$%&'A&(6,>0&18,/-</4&'--1D*@D/&01:3@1-0&<1&8#435/&%1,0/&*-4&o,;8*@1-0&
k%qolA&6H>IJJ0,7/-DF/3J&&kZ^^]TZ^YZl&
&
!?V#"B'o#(I&B1K*840&*&N8//-&:*;/7&218&(6,>0&
T! !-;1*84&%1,0/&q&o,;8*@1-&N3,4/7,-/0&
T! $,8;18-/&S*4,*</4&%1,0/&N3,4/7,-/0&
T! C-4/8K*</8&S*4,*</4&%1,0/&N3,4/7,-/0&
&
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C-4/8K*</8&S*4,*</4&%1,0/&N3,4/7,-/0&
U,8/5@D,<=&</0<&83-&51-R.38*@1-&&

'2&<K1&kZl&6=481>61-/0&*8/&30/4A&<6/=&
06*77&;/&>10,@1-/4&*<&4/><60&<6*<&8/037<&
*>>81P,E*</7=&,-&Ynt&*-4&[^t&*-.7/0&281E&
<6/&0/*&0382*5/&*<&*&4,0<*-5/&/L3*7&<1&<6/&
-1E,-*7&4,0<*-5/&*<&"d$&F&
B6/&*44,@1-*7&6=481>61-/0&k,2&*-=l&06*77&
;/&>10,@1-/4&*<&*&4/><6&K6,56&8/037<0&
*>>81P,E*</7=&,-&int&*-.7/0&281E&<6/&0/*&
0382*5/&*<&*&4,0<*-5/&/L3*7&<1&<6/&-1E,-*7&
4,0<*-5/&*<&"d$F&

! 45° 

Hydrophone 3 

Measured ship 

Hydrophone 1 ! 15° 
DCPA 

Hydrophone 2 

! 30° 
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(!%(#B"F"!)A&)*+,-.&(/-0/&12&(13-40&
&



 

Hydrophone(s) 

dCPA ! ! 
A 

DWL DWL 
COMEX 

CPA 
FINNEX 

B C 

C-4/8K*</8&S*4,*</4&%1,0/&N3,4/7,-/0&
U,8/5@D,<=&</0<&83-&51-R.38*@1-&&

B1&*00/00&618,a1-<*7&*-4&D/8@5*7&
4,8/5@D,<=A&*<&7/*0<&<68//&-1,0/&
0>/5<83E0&06*77&;/&5*7537*</4&
218&/*56&83-&*-4&/*56&
6=481>61-/I&%1,0/&*<&"d$&kUp:&
5/-</8/4&,-&$lA&%1,0/&8*4,*</4&
281E&<6/&;1K&kUp:&5/-</8/4&,-&
?l&*-4&-1,0/&8*4,*</4&281E&<6/&
*m&kUp:&5/-</8/4&,-&"F&
Up:I&U*<*&p,-41K&:/-.<6&&
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"#$%&'A&(6,>0&18,/-</4&'--1D*@D/&01:3@1-0&<1&8#435/&%1,0/&*-4&o,;8*@1-0&k%qolA&
6H>IJJ0,7/-DF/3J&&kZ^^]TZ^YZl&
&
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?*85/71-*B/56A&(>*,-A&E,56/7F*-48/G3>5F/43A&6H>IJJKKKF7*;F3>5F/43&

(!%(#B"F"!)A&)*+,-.&(/-0/&12&(13-40&
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B6/&2138&,E*./0&*;1D/&061K&<6/&013-4&7/D/70&218&*&E/856*-<&06,>&,-&<6/&4//>&K*</8&/-D,81-E/-<F&B6/&D/8@5*7&58100T0/5@1-0&
K/8/&<*+/-&*71-.&<6/&7/-.<6&12&<6/&;1*<F&B1&*00,0<&,-</8>8/@-.&<6/&.8*>60&*&51-<138&7/D/7&,0&>71H/4&*<&5/8<*,-&4?&7/D/70F&$0&<6/&
7/D/7&5*-&;/&L3,</&4,Q/8/-<&*<&4,Q/8/-<&4/><60A&618,a1-<*7&58100T0/5@1-0&k;/71Kl&K/8/&E*4/&*<&<K1&4/><60A&Z^&*-4&Z^^&EF&

&

C-4/8K*</8&S*4,*</4&%1,0/&N3,4/7,-/0&
U,8/5@D,<=&>*H/8-&12&*&E/856*-<&06,>&

B6/&2138&,E*./0&*;1D/&061K&<6/&013-4&7/D/70&218&*&E/856*-<&06,>&,-&<6/&4//>&K*</8&/-D,81-E/-<F&B6/&D/8@5*7&58100T0/5@1-0&

International Workshop 2013 ERICE, SICILY, ITALY!

:*;18*<18=&12&$>>7,/4&?,1*5130@50A&B/56-,5*7&C-,D/80,<=&12&"*<*71-,*&
?*85/71-*B/56A&(>*,-A&E,56/7F*-48/G3>5F/43A&6H>IJJKKKF7*;F3>5F/43&

(!%(#B"F"!)A&)*+,-.&(/-0/&12&(13-40&
&



 !
 !

0
50

100
150

200

0
5

10
15

20
160

170

180

190

200

Horizontal angle (degrees)

merchant5-5: Vertical directivity channel 1

Vertical angle (degrees)

dB
 re

 1
 u

Pa
2

"#$%&'A&(6,>0&18,/-</4&'--1D*@D/&01:3@1-0&<1&8#435/&%1,0/&*-4&o,;8*@1-0&k%qolA&
6H>IJJ0,7/-DF/3J&&kZ^^]TZ^YZl&
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3D reconstruction of a merchant ship underwater radiated noise  
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?*85/71-*B/56A&(>*,-A&E,56/7F*-48/G3>5F/43A&6H>IJJ7*;F3>5F/43&
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(!%(T[U&c,-&K6*7/&4/</5@1-&438,-.&#qd&1>/8*@1-0&
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()*+A&$56,/D/&eC,/</8&!5/*-0&;=&06,>>,-.&-1,0/&211<>8,-<&8/435@1-&kZ^YZTZ^Ynl&
&6H>IJJKKKF*L31F/3&
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T!?,171.,5*7&(/-018=&(=0</E0&
&T!d*00,D/&$5130@5&)1-,<18,-.&
&T!)14/7,-.&&

T!S/.37*@1-&*-4&'-</8-*@1-*7&'-,@*@D/0&

#P>/8@0/I&
&
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,-./0123$-456-/! 7859-1:! ;505!<01=5:!

cS$%"#& $%B$S#(& [\&P&Zn^&+ha&

%#dBC%#&"$%$U$& c17./8&d*00*./& Y&P&]\&+ha&
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