THE ALGORITHM

The gradient of Fg,)/ with respect to ¢ @ fixed g is
Yo plh) = =Y RL®),(—cD)) - RL(L),(__V&}, D) + v, B’(L)

where
p(L),(._ ij D))= V@. p(L),(_.C(L))._ V{/} (L),

FrATURES

1) € The scattering data are (AR, ;9557410 €E Ny, g € Q).

2) % Superposition of limited aperture — multiple views allowed.
5) € The cost function to be minimized is Fg‘,?;[z—/; , V]

4) 4 The unknowns are Y € W,q,,, and ¥ € ([0, 2z J)cardl€l,

5 The DiricuLET BC and the boundary to far zone relation are re—

presented by approximate forward propagation.
6) P, RL, (M) depend on ¥ and on k; (not on ky).
7) {B’(qL) } and {ggL) } depend on 9 and on K, -

8) ¢ Only P, (L) has to be inverted; [PS,L) 7! 3 unconditionally.
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NUMERICAL RESULTS FROM F g})/ MINIMIZATION

IpswicH files ips009/ipsO09FV*
Full aperture data obtained via reciprocity of A[k, ; ¢ ; v4]

/ {k;,1<g<4}
‘%‘ = 2.4 = 10
)

Ya__ 04
y!”

MFE9x4CA  r 0 = .495868D +01 It.= 15
B2l = 425680D +03; [|VB]| = .258242D +05

{k;, 1<qg<5}
L =12, =10
©)
L
0 0.4

MI9xSCA 1 0 = .495868D +01 It.= 15
Bl12] = 485822D +03; ||VB]|| = .195682D + 05
MF9x5CA 1 0 = .409808D +01 It.= 15
BU2l = 494881D +03; |[VB|| = .177667D +05
MF9xSCA 0= 450789D +01 It. = 15
BU2l = 514020D +03; [|[VB]| = .195457D +05

{k; , 1
1

=q =5
L=141I=10
’/’(0) 0.4
¥y

MFE9IxSEA  r 0 = .495868D +01 It.= 15
B = 464231D+03; ||VB|| = .537194D +05
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THE HEURISTICS OF SHAPE RECONSTRUCTION
BY F%). MINIMIZATION

Pror A2.1 Given q, E((, Z), 1]51-(;[ and L, an approximate (far zone) solu-
tion to the exterior DIRICHLET BVP Is represented by

L
ES;(; ) 1 Ezl\(l) ['/)I'Cf]‘ll
where {p{}} =p§’ = - RLO. PO gl 4 L.

Psm A2.2 (reconstruction from card[Q] scts of Irswich data)

Given {A[k; ; ¢ ; Yql,J €E Ny ,q € O}, find 1]5*6 W.am and ;7’* such
that

T T
g)l)/[w*a ]

- Do
g /EZ IAEZA(L) (/)1[ Ialgil-Alk;; ¢ ; ¥X] | = min
Rem. @ fixed g
Vi p® = -V RLO.(e®) - RLO.C VD) + 7, 0

where '
p(L),(_ V{/J c(L)) — V«?f’ p(L),(“c(L))_ Vt?)’ (L),

FEATURES ‘
1) ¢ The scattering data are {A[k; ;¢;;v41,] EN, , g € Q}.

2) € Superposition of limited aperture — multiplc views allowed.

3) $ Fhe cost function to be minimized is FDV[zp Y v 1.

4) ¢ The unknowns are 1/) € Wgm and y € ([0, 2 ])% wd[Q]

5)  The DiricuLer BC and the boundary to far zone relation are re—
presented by AFP.

6) P RL(I) depend on ¥ and on k, (not on k).
7) {B’(L)} and {g( )} depend on 9 and on k; .
8) 49 Only P( has to be inverted; [P®) ' Junconditionally.
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BOTTOM — UP JUSTIFICATION :

THE X\ LEAST SQUARES BOUNDARY COEFFICIENTS
Drr Xg_L) :=span{vy |4 € A[L]}.
Pom Let g be fixed. Given 9, L, Evy), find {cq )} such that,

gz 7

e o 5
Bg?’)/”‘ZIIA EZA(L) q.4 "AHL(K) 2

SOLUTION

P L) = _gl(L)

Tnm B.1
1)V € > 0, 3 atleastan approximation order L[ € Jand a vector of coef-

ficients ¢eD such that B < €2

mSelectonesuchl[e].Let 0 > >rm.andC[ T, ¢ ,k | beaquantity,
which depends on T, ¢ and k. Then the corresponding c¢L € js re-
lated to the far zone coefficients, {fy| A € A[L[€]]} by the error
bound ’

r (L[] 2 ic_z_ei
- 1P 2« —C[ T, 0,k], VA € ALLe)):

REMARKS.

® genelal the determination of ¢(1 is asymptotically ill posed, be-
cause P is asymptotically ill conditioned [Ramm, 1986].

#® The dependence of L[e] on € has not yet been investigated.
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ABOUT RayLeignt OBSTACLES
Drr An obstacle is of RayLEIGH class if %:fg va [x] converges, Vx € T .
Tnm B.2 [BARANTSEV et al., 1971].
Ellipses, r{¢] =

= ,of eccentricity ¢ < —_—are RavLEIGH Ob-
/ 1 -&?cos? ¢ . /2
stacles and
Cl7 (ek) e |
i ———| as/ — o, wherey > 0.
fa /2n1[21][J1_.e] ’

Proof : by asymptotics of H( ) and Ji, singular integral equations, and
saddle point method.

Trm B.3 [MiLLAr, 1973]. On the boundary of a RavieicH obstacle
lim |f-c” | =0, Vie AQ)
[, — oo
Drr (ROUND obstacle). Q & RavieiciObstacleUniformNormaiDerivative class if
Z f1 On V3 [x] converges uniformly to ay F, 4 )| Vx €T.

Tuwm B.4. Ellipses, such that ¢ < —L are a class of ROUND obstacles.

/2
Proof : Denote ¢ := kr[¢]. Letr[¢] < 1.
Sl el
d¢ @ AT e

V1 - g2
verges uniformly on I'.
Moreover [KLEINMAN, RoAcH, STRgM, 1984] the infinite dimensional ma-

Since ————=

/
] as/ — o, then ;fg on V) [X] con-

B N s
trix L:= — Z[(V,ﬂr dp vﬂ>] is invertible and

%ﬁwmr=wémg =

(the series converges to the normal derivative of the scattered field on
the boundary !)
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