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TOPSAR Data acquired in C band VV
Polarization

↓
Volterra’s Series (nonlinear)

↓
Inverse filter of Volterra model

↓
Continuity equation

↓
Fuzzy B-splines

↓
3D Bathymetry reconstruction
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a!.$M

JS[[YK :+,&+ 5(3257(' e99 %$1' 0,*+7 %(
86(' 72 0$3 &2$67$/ :$7(5 %$7+<0(75<P h85O
7+(5025(N ,7 ,6 ,17(5(67,1* 72 127,&( 7+$7 7+(
685)$&( &855(17 9(&7256 Jh,*P WK :(5( 029('
%< 2%/,48( $1*/( 72 %$7+<0(75< 63$7,$/ 9$O
5,$7,216 Jh,*P XKP k1 )$&7 7+( %27720 7232*5$O
3+< ,6 127 ,0$*(' :+(1 7+( %27720 )($785(
3$5$//(/ 72 &855(17 ',5(&7,21 Jt20(,6(5 H
c/3(56 S[[YKP

v+( 9,68$/,=$7,21 2) UOf %$7+<0(75< ,6
6+$53 :,7+ 7+( vqruct e99 %$1' $1' 5($/
'$7$ '8( 72 7+( )$&7 7+$7 ($&+ 23(5$7,216 21
$ )8==< 180%(5 %(&20(6 $ 6(48(1&( 2) &25O
5(6321',1* 23(5$7,216 21 7+( 5(63(&7,9( w
$1' wAO/(9(/6N $1' 7+( 08/7,3/( 2&&855(1&(6
2) 7+( 6$0( )8==< 3$5$0(7(56 (9$/8$7(' $6
$ 5(68/7 2) 7+( )81&7,21 21 )8==< 9$5,$%/(6
Jc1,/( S[[YN c1,/( (7 $/P S[[YKP k7 ,6 9(5<
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e)'M VY q%'2%33)/. l/$%, "%47%%. q%!, 7!4%2
a!4(9-%429 &2/- a!4(9-%429 b(!24 !.$ v!4%2
a!4(9-%429 &2/- buu a!.$M

($6< 72 ',67,1*8,6+ %(7:((1 60227+ $1' -$*O
*(' %$7+<0(75<P v<3,&$//<N ,1 &20387(5
*5$3+,&6N 7:2 2%-(&7,9( 48$/,7< '(71,7,216
)25 h8==< dO63/,1(6 :(5( 86('\ 75,$1*/(O
%$6(' &5,7(5,$ $1' ('*(O%$6(' &5,7(5,$P v5,O
$1*/(O%$6(' &5,7(5,$ )2//2: 7+( 58/( 2) 0$O
;,0,=$7,21 25 0,1,0,=$7,21N 5(63(&7,9(/<N
7+( $1*/(6 2) ($&+ 75,$1*/(P v+( 62O&$//('
0$;O0,1 $1*/( &5,7(5,21 35()(56 6+257 75,O
$1*/(6 :,7+ 2%786( $1*/(6P v+( 71',1* &21O
7506 7+26( 2) m(33(/ JS[YWK $1' c1,/(
JS[[YKP v+,6 &$1 %( 6((1 ,1 h,*P X :+(5( 7+(
6<00(75,& UOf 6758&785( 2) 7+( %$7+<0(75<
2) $ 6(*0(17 2) $ &211(&7,1* '(37+P u0227+
68%O685)$&(6 $33($5 ,1h,*P X :+(5( 7+( 1($5O
6+25( %$7+<0(75< 2) W0 :$7(5 '(37+ 581
1($5/< 3$5$//(/ ,1 UfO63$&(P c 528*+ 68%O
685)$&( 6758&785( $33($56 ,1 67((3 5(*,216 2)
TR0 :$7(5 '(37+P v+,6 ,6 '8( 72 7+( h8==<
dO63/,1(6 :+,&+ ,6 &216,'(5(' $6 $ '(7(50,1O
,67,& $/*25,7+06P k7 ,6 '(6&5,%(' +(5( 72 23O
7,0,=( $ 75,$1*8/$7,21 /2&$//< %(7:((1 7:2
',5(5(17 32,176P

v+( 5(68/7 2%7$,1(' ,1 7+,6 678'< ',6$*5((6
:,7+ 7+( 35(9,286 678'< %< k1*/$'$ H
i$5(//2 JS[[[ $1' TRRTK :+2 ,03/(0(17('
7:2O',0(16,21$/ x2/7(55$ 02'(/ 72 uct
'$7$P UOf 2%-(&7 5(&216758&7,21 ,6 5(48,5('
72 02'(/ 9$5,$7,21 2) 5$1'20 32,176 :+,&+
$5( )81&7,21 2) ;N <N $1' = &225',1$7(6P k7 ,6
,1&5(',%/( 72 5(&216758&7 Uf 86,1* 7:2 &225O
',1$7(6 ,P (P J;N <KP k1 $'',7,21N 71,7( (/(0(17
02'(/ ,6 5(48,5(' 72 ',6&5(7,=( 7:2O',0(1O
6,21$/ x2/7(55$ $1' &217,18,7< 02'(/6 ,1
678'< 2) k1*/$'$ H i$5(//2 JS[[[ $1'
TRRTK 72 $&48,5( '(37+ 9$5,$7,21 ,1 uct ,0O

$*( :,7+287 81&(57$,17<P r5(9,286 678',(6
'21( %< c/3(56 H j(11,1*6 JS[ZVKN
u+8&+0$1 (7 $/P JS[ZWKN x2*(/=$1* (7 $/P
JS[[YKN t20(,6(5 H c/3(56 S[[YN k1*/$'$
H i$5(//2 JS[[[KN $1' j(66(/0$16 (7 $/P
JTRRRK :(5( $%/( 72 02'(/ 63$7,$/ 9$5,$7,21
2) 6$1' :$9(6P k1 7+,6 678'<N h8==< dO63/,1(
$/*25,7+0 352'8&(' UOf %$7+<0(75< 5(&21O
6758&7,21 :,7+287 (;,67(1&( 2) 6+$//2: 6$1'
:$9(6P k1 )$&7 h8==< dO63/,1( $/*25,7+0 ,6
$%/( 72 .((3 75$&. 2) 81&(57$,17< $1' 352O
9,'( 722/ )25 5(35(6(17,1* 63$7,$//< &/867(5('
'(37+ 32,176P v+,6 $'9$17$*( 2) h8==< dO
63/,1( ,6 127 3529,'(' ,1 x2/7(55$ $1' &21O
7,18,7< 02'(/6P

S b/.#,53)/.

v+( 87,/,=$7,21 2) vqruct ,0$*(5< )25 UOf
%$7+<0(75< 5(&216758&7,21 +$6 %((1 ,03/(O
0(17(' %< 86,1* x2/7(55$ $1' h8==< dO
63/,1( 02'(/6P v+( ,19(56,21 2) x2/7(55$
02'(/ :$6 86(' 72 6,08/$7( &2$67$/ :$7(5
&855(17 029(0(176P v+,6 02'(/ :$6 $%/( 72
$&48,5( 0$;,080 685)$&( &855(17 9$/8( 2)
SPV0B6N :+,&+ :,7+,1 7+( (;3(&7(' 5$1*( 2)
&855(17 63(('6 ,1 u287+ e+,1$ u($P u7521*
7,'$/ &855(17 63((' 2) SPV 0B6 &2175,%87('
6,*1,7&$17/< 72 7+( (;,67(1&( 2) 7+( 6+$53
%5,*+71(66 &855(17 %281'$5< ,1 vqruct
,0$*(P k1 )$&7 7+( x2/7(55$ 02'(/ :$6 $/62
$%/( 72 02'(/ 685)$&( &855(17 ,1 7:2 ',0(1O
6,216P h8==< $/*25,7+0 ,6 86(' 72 6,08/$7(
UOf :$7(5 '(37+ 9$5,$7,21 %< 86,1* 21( ',O
0(16,21$/ &217,18,7< (48$7,21P v+( )8==<
180%(5 9$/8(6 :(5( ,03/(0(17(' ,1 dO
63/,1( $/*25,7+0 72 5(&216758&7 UOf
%$7+<0(75<Ph8==<dO63/,1( $/*25,7+0&28/'
9,68$/,=( 7+( 5$1*( 9$5,$7,216 %(7:((1 WA
TR0 2) :$7(5 %$7+<0(75<P c 6,*1,7&$17 5(O
/$7,216+,3 :$6 )281' %(7:((1 UOf
%$7+<0(75< 5(&216758&7(' 86,1* 7232*5$3+<
0$3 $1' vqruct ,0$*(6P k1 )$&7 h8==<
dO63/,1( 62/9(' ',5,&8/7,(6 2) 63$&(' *5,'
:+,&+ ,6 127 3529,'(' %< x2/7(55$ 02'(/P k7
&$1 %( 67$7(' 7+$7 e99O%$1' 3529,'('
%$7+<0(75< ,1)250$7,21 ,6 $1 $&&85$7( 9$/8(
2) u[0P k1 &21&/86,21N 7+( ,17(*5$7,21 %(O
7:((1 x2/7(55$ $1' h8==< dO63/,1(6 02'(/6
&28/' %( $1 (;&(//(17 722/ )25 UOf
%$7+<0(75< 5(&216758&7,21P
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c/3(56N yP H j(11,1*6N kPN S[ZV\ c 7+(25< 2)
7+( ,0$*,1* 0(&+$1,60 2) 81'(5:$7(5 %27720
7232*5$3+< %< 5($/ $1' 6<17+(7,& $3(5785(
5$'$5P A lPi(23+<6P t(6P Z[\ SRNWT[ASRNWVXP

c1,/(N cPoPN i$//2N iP H r(5),/,(9$N kPN S[[Y\
f(7(50,1$7,21 2) o(0%(56+,3 h81&7,21 )25
e/867(5 2) i(2*5$3+,&$/ '$7$P A v(&+1,&$/ t(O
3257 p2PTXB[YN TW 3PN k167,787( )25 c33/,('
o$7+(0$7,&6N p$7,21$/ t(6($5&+ e281&,/N
i(129$P

c1,/(N cPoPN S[[Y\ t(3257 21 7+( $&7,9,7< 2) 7+(
)8==< 62)7 &20387,1* *5283P A v(&+1,&$/ t(O
3257 2) 7+( f(37P 2) o$7+(0$7,&6N SR 3PN w1,O
9(56,7< 2) e$7$1,$P

c1,/(NcPoPNf(2'$72N uP Hr5,9,7(5$NiPN S[[W\
k03/(0(17,1* )8==< $5,7+0(7,&P A h8==< u(76
$1' u<67(06N YTP

h8&+6N jPN m('(0N |PoP H w6(/721N uPrPN S[YY\
q37,0$/ u85)$&( t(&216758&7,21 )520 r/$1$5
e2172856P A e20081,&$7,216 2) 7+( ceoN
TRJSRK\ X[UAYRTP

j(11,1*6N kPN o(7=1(5N oP H e$/.2(1N ePlPN
S[[Z\ k6/$1' e211(&7(' 6($ %(' 6,*1$785(6 2%O
6(59(' %< 08/7,O)5(48(1&< 6<17+(7,& $3(5$785(
5$'$5P A k17(51$7,21$/ l2851$/ t(027( u(16,1*
S[JSRK\ S[UUAS[WSP

j(66(/0$16N iPjN y(16,1.N iPlPN m233(1N xPN
x(51(00(1N eP H e$8:(1%(5*+(N ePxPN TRRR\
d$7+<0(75< $66(660(17 f(021675$7,21 2) 7+(
d(/*,$1e2$67Od$%(/P A v+( +<'52*5$3+,& l285O
1$/ [X\ UAZP

k1*/$'$N lP H i$5(//2N tPN S[[[\ f(37+ (67,0$O
7,21 $1' Uf 7232*5$3+< 5(&21O6758&7,21 )520
uct ,0$*(6 6+2:,1* 81'(5:$7(5 %27720 7232O
*5$3+< 6,*1$785(6P A r52&((',1*6 2) kict
uuI[[P

k1*/$'$N lP H i$5(//2N tPN TRRT\ q1 5(:5,7,1*
7+( ,0$*,1* 0(&+$1,60 2) 81'(5:$7(5 %27720
7232*5$3+< %< 6<17+(7,& $3(5785( 5$'$5 $6 $
x2/7(55$ 6(5,(6 (;3$16,21P A kggg l2851$/ 2)
q&($1,& g1*,1((5,1* TYJUK\ XXWAXYVP

m(33(/N gPN S[YW\ c3352;,0$7,21 e203/(; u85O
)$&(6 %< v5,$1*8/$7,216 2) e217285 n,1(6P A
kdo l2851$/ 2) t(6($5&+ f(9(/230(17 S[\ TP

o$*('N oPN S[[V\ e2$67$/ y$7(5 e,5&8/$7,21 2)
m8$/$ v(5(1**$18N o$/$<6,$P A ou&P v+(6,6N
w1,9(56,7, r(57$1,$1 o$/$<6,$P

o$*('N oPN o2+'N jPnP HP {8186N mPN TRRT\
vqruct o2'(/ )25 %$7+<0(75< r$77(51 f(O

7(&7,21 $/21* &2$67$/ :$7(56 2) m8$/$ v(5(1*O
*$18N o$/$<6,$P A l2851$/ 2) r+<6,&$/ u&,(1&(6
SVJUK\ VZYAV[RP

o(/%$N oPN m80$5N uPN t,&+$5'N oPtPN
i,%($87N lPeP H c0<N pPN S[[[\ h86,21 2) c,5O
%251( 32/$5,07(5,& $1' ,17(5)(520(75,& uct
)25 &/$66,7&$7,21 2) &2$67$/ (19,5210(176P A
kggg v5$16$&O7,216 21 i(26&,(1&( $1' t(O
027( u(16,1* UY\ SURXASUSWP

t20(,6(5N tP H c/3(56N yPN S[[Y\ c1 ,03529('
&20326,7( 685)$&( 02'(/ )25 7+( 5$'$5 %$&.O
6&$77(5,1* &5266 6(&7,21 2) 7+( 2&($1 685)$&(N TN
o2'(/ 5(63216( 72 685)$&( 528*+1(66 9$5,O
$7,216 $1' 7+( 5$'$5 ,0$*,1* 2) 81'(5:$7(5
%27720 7232*5$3+<P A lPi(23+<6P t(6P SRTNTWN
TWSATWNTXYP

t8662N hPN S[[Z\ t(&(17 $'9$1&(6 ,1 )8==< 7(&+O
1,48(6 )25 ,0$*( (1+$1&(0(17P A kggg v5$16O
$&7,216 21 k167580(17$7,21 $1' o($685(0(17
VY\ SVTZASVUVP

t?9,'N cPN x$E 5.21<,N cPtP H x$E 5/$.,N rPN TRRV\
Uf o2'(/ (67,0$7,21 )520 08/7,3/( ,0$*(6P A
kggg k17(51$7,21$/ e21)(5(1&( 21 h8==< u<6O
7(06N hw||{OkgggITRRVN l8/< TWAT[N TRRVN
d8'$3(67N j81*$5<N 33P SXXSASXXXP

u&+(7=(1N oPN S[ZR\ v+( x2/7(55$ $1' y,(1(5
7+(25,(6 2) 121/,1($5 6<67(06P A l2+1 y,/(< H
u216N p(: {25.P

u+8&+0$1N tPcPN n<=(1*$N fPtP H o($'2:6N
iPcPN S[ZW\ u<17+(7,& $3(5785( 5$'$5 ,0$*,1*
2) 2&($1O%27720 7232*5$3+< 9,$ 7,'$/O&855(17
,17(5$&7,216\ 7+(25< $1' 2%6(59$7,216P A k17(5O
1$7,21$/ l2851$/t(027( u(16,1* X\ SSY[ASTRRP

x2*(/=$1*N lPN S[[Y\ o$33,1* 68%0$5,1( 6$1'
:$9(6:,7+08/7,%$1' ,0$O*,1* 5$'$5P SNo2'(/
'(9(/230(17 $1' 6(16,7,9,7< $1$/<6,6P A lPi(2O
3+<6P t(6P SRT\ SSXUASSZSP

x2*(/=$1*N lPN y(16,1.N iPlPN '( n225N iPrPN
r(7(56NjPePH r28:(/6NjPN S[[T\ u($ %27720
7232*5$3+< :,7+ z %$1' unct\ 7+( 5(/$7,21
%(7:((1 5$'$5 ,0$*(5< $1' %$7+<0(75<P A k1O
7(51$7,21$/ l2851$/ t(027( u(16,1* SU\ S[VUA
S[WZP

x2*(/=$1*N lPN y(16,1.N iPlPN e$/O.2(1N ePlP
H 9$1 '(5 m22,-N oPyPcPN S[[Y\ o$33,1*
68%0$5,1( 6$1' :$9(6 :,7+ 08/7,%$1' ,0$*,1*
5$'$5P TN g;3(5,0(17$/ 5(68/76 $1' 02'(/ &20O
3$5,621P A lPi(23+<6P t(6P SRT\ SSZUASS[TP

y(16,1.N jP H e$03%(//NiPN S[[Y\ d$7+<0(75,&
0$3 352'8&7,21 86,1* 7+( gtu uctP A d$&.O
6&$77(5 Z JSK\ SYATTP
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c87+256I $''5(66\

f5P o$*(' o$5*+$1<
r52)P f5P o$=/$1 j$6+,0
f(3$570(17 2) t(027( u(16,1*
h$&8/7< 2) i(2,1)250$7,21 u&,(1&(
$1' g1*,1((5,1*
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