Ildentification of a local perturbation in unknown

.af-i(.(% periodic layers

yLb| (puigs deals,

lniia -

l' Yosra BOUKARI' & Houssem HADDAR? & Nouha JENHANI'-2 D ,‘,‘..
ENIT/ALAMSIN ' ENIT-LAMSIN, University of Tunis El Manar, Tunis, Tunisia ENSTA @ 9
,/h 2 INRIA, Team IDEFIX, ENSTA Paris (UMA), Institut Polytechnique de Paris, Palaiseau, France = eDF
Qt IP PARIS
Introduction
We consider the inverse scattering problem for the reconstruction of a local We consider an unbounded domain € := R x [0, oo[ delimited by % := R x {0},
perturbation in unknown periodic layers from near field measurements.
Appl ications: Incident waves generated by point sources Measurements of scattered waves

non-destructive testing of photonic structures, nanostructures, optical fibers... f‘:* T T T T T / / /7 / / i
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Inverse problem From the measurements of scattered waves at ' := R x {R} for fixed
frequency we identify:

e the periodic domain and the defect, only the periodic domain and only the perturba-
tion. (H. Haddar and T.P. Nguyen (2017))

Figure: lllustration of a (a) 10, (b) 2D, and (¢) 3D photonic crystal structure

o Difficulty: The perturbation brokes the periodicity

These photos are from Guldi, D. M., and Sgobba (2011), and S. Robinson and R. Nakkeeran (2013).

Direct Problem

Solution for an incident field v € L?(D). We set Q7 :=R x [0, A]. Solution for a £-quasi periodic incident field v¢ with period 27 M, where M € Ns.t. M > 2.

Direct problem: Find w € H2 (Q") satisfying Define

Fso(QR) = {u e HS(Q)/Tu e c(, Hg(QQ’))}.

Aw +k2nw = k*(1 — n)v in Q7, o | :=1[0,1], Qf :=[0,27M] x [0, R] and Hg(QR) the set of £€-quasi periodic functions in
(P)s w=0 on 0, s =F |
+an upper going radiation condition at ', Hioc(§27) with period 27 M.

e 7 is the Floquet-Bloch transfrom (isomorphism between H5(QF) and L2(/, Hg(Qg’)).
We rewrite the solution of (P) with v = v, as

. | -periodi ifi = | p
e Np(-, X2) IS 2m-periodic and verifies np = 1 outside DP. we = WP+ We, (%)

e nis the perturbed refractive index verifies n = np outside D. :
> Hypothesis: Assume that {Sm(np) > 0} is not empty with

and that Sm(n) > 0. ° wg’ e Hg () verifies the ¢-quasi periodic problem,
> (P) is well posed (A. Konschin and A. Lechleiter (2019)). o W: € H'(QF) is a perturbed solution.

Inverse Problem: Second result

Inverse Problem: First result

e Inverse problem for quasi-periodic Incident fields: We consider vy = &, y(y, ) e Inverse problem for non-periodic incident fields: We consider v = &(-, y) for all
where ®¢ (X, y) = (TP(, ))& x) forall y € T =[0,2rM] x {R}. y € I, with <I>(-,Sy) IS the f_undamental solution for ’g]e Dirichlet half space problem.
We measure: (uf + 7 (Tg)(€, )| -a solution of (x) with v¢ = d¢ y(x,y) for all y € I§. We measure: u°(., -) solution of (P) for all x, y € T'™.
e The ¢-quasi periodic near field operator: N : L5(T7) — LZ(I'7) e The near field operator: N : [2(FR) — [2(r'R)
Nege() = [ GeWIUEP(x 1)ds(y) + [ Ge)T(EEC, YN, sly) = NEge + NEge Ng() = [ u*(x,y)a(ds(y).
0 0
Cor ge € Lé(l":"), we define Consider g € 12(|_R), we define
- I(g) = suple(T9(¢,-))-
le 9e = ‘(Nggg,gg)@(rg)| + ‘(Nggg,g.g)@(rg) - gel

e The GLSM method: e The GLSM method:
Let ¢(a) > 0 verifying 4% — 0 as a — 0. We introduce

- , | Let c(a) > 0O verifying C(Cf‘) >» 0 as a — 0. We introduce

Je'(0:9¢) = ale(ge) + |(Ng + Ne)ge — olI%, Jg (@) = inf  Je(; ge)- . |
9¢ L) Ja(939) 1= allg) + INg =9I, Jal6) = Inf_Ja(¢i0),
g

Let us denote by ®.(x, y) the £-quasi-periodic with period 2. i
Theorem 1: Consider z € QF, and let g?,M, g? c Lg(er’) such that Theorem 2: Consider z € QF, and let g< € L2(FR) such that

Jo (P(-, 2), ¢ < fo (P, ),

J2 (¢ (- 2), 62 M(2) & (@l 2) + cla), (®(:,2), 97(2)) < Ja(P(:, 2)) + C(c)
Je' (el 2), g¢'(2)) Jg (@ (-, 2)) + c(a),

Then zeD <— IimI(g“¥(2)) < oc.

a—0

then

VANERVA

zeDNQY — Iimolg(gg"M(z)) <oco.| |zeDPNQ] = im ¢ (9¢'(2)) < oo.
a— a—>

‘“‘r From Theorem 1 and Theorem 2 one can design an indicator function that allows to directly reconstruct D
@® ‘)

Numerical examples

Reconstruction of the full domain and
only the periodic domain (as given by
Theorem 2)

Period: L =27

Number of periods: M =4

waves number k = 3.57/3.14

1% added multiplicative random noise.
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