χprq ¨Einc prq " Iprq ´iω 0 ´χprq ¨iωµ 0 ż Ḡpr; r 1 q ¨Ipr 1 qdr 1 By MoM

3 ř v "1 χu,v;m,n,pE inc v ;m,n,p " ´1 iω 0 ř m 1 ,n 1 ,p 1 I puq m 1 ,n 1 ,p 1 ψ puq m 1 ,n 1 ,p 1 pr m,n,p q ´3 ř v "1 χu,v;m,n,p 3 ř κ"1 ř p 1 ř m 1 ,n 1 η v κ;p;p 1 ;pm´m 1 q,pn´n 1 q I pκq m 1 ,n 1 ,p 1
By fast Fourier transform (FFT) The techniques for calculating the impedance matrix -1 st method

ξ v κ;p;p 1 " ÿ m 1 ,n 1 η v κ;p;p 1 ;pm´m 1 q,pn´n 1 q I pκq m 1 ,n 1 ,p 1 " IFFT " FFT ! η v κ;p;p 1 ) b FFT " p0q I pκq p 1 ** Ding,
The impedance matrix : η v κ;p;p 1 px , y q " iωµ 0 ş D Gvκ rpx ´x 1 q, py ´y 1 q; zp; z 1 s ψ pκq 0,0,p 1 pr 1 qdr 1 After detouring the integral path to avoid branch cuts or singularites for the integral involving r η v κ;p;p 1 pkx , ky q, the DFT of η 1 v κ;p;p 1 (the windowed version of η v κ;p;p 1 ) can be constructed as

η1 v κ;p;p 1 ;α,β " 1 4π 2 ∆x ∆y exp ´i 2πα Mt∆x xs `i 2πβ Nt∆y ys ť`8 ´8 dσ R x dσ R y r η v κ;p;p 1 " σx pσ R x , σ R y q, σy pσ R x , σ R y q ‰ ˇˇˇˇB pσx , σy q Bpσ R x , σ R y q ˇˇˇˇ# `8 ř l 1 ,l 2 "´8
e i2πrl 1 pxs{∆x q`l 2 pys{∆y qs r w 

" 2π ∆x ´α Mt `l1 ¯´σx `σR x , σ R y ˘, 2π ∆y ´β Nt `l2 ¯´σy `σR x , σ R

Padua interpolation-integration technique -calculating fast oscillating integrals

The goal is to compute the I-FT of fast oscillating spectrum in the kx ´ky plane G px , y q " 1 4π 2 8 ij ´8 G0 pkx , ky qe pikx x `iky y q dkx dky Interpolation of the non-oscillating part at the Padua points with Chebyshev's polynomial interpolant Ln G0 pkx , ky q " n ÿ k"0 k ÿ j"0 c j, k´j Tj pkx q Tk´j pky q ´1 2 c n,0 Tn pkx q T 0 pky q with weights c j, k´j computed using 2

Fourier transform of Chebyshev polynomials given by ż 1 ´1 Tnpkx q expp´ikx x q dkx are managed using The Padua points with their generating curve for n " 12 (left, 91 points) and n " 13 (right, 105 points), also as union of two Chebyshev-Lobatto sub-grids (red and blue bullets). Image taken from 5

Fast calculation of EM scattering problems -2 nd method

The Lippman-Schwinger integral formulation E sca prq " iωµ 0 ż Ḡee `r, r 1 ˘¨χ `r1 ˘¨E tot `r1 ˘dr 1

where the contrast function χ prq " ´iω 0 ¨`¯ i ´¯ b ˘ i is the permittivity tensor of an inclusion in the composite medium. ¯ b is the permittivity tensor of the composite medium in the global coordinate system.

The incident field is defined as

E inc prq " iωµ 0 ż Ḡee `r, r 1 ˘¨J 0 `r1 ˘dr 1 " iωµ 0 Ḡee `r, r 1 ˘¨βIl
Asymptotic formulation with polarization tensor -2 nd method

The Lippman-Schwinger integral formulation

When permittivity tensor of the inclusion ¯ i " Ī i and its size is small enough, the scattered field can be derived into the asymptotic formulation.

E sca prq " iωµ 0 Ḡee pr, rmq ¨¯ ¨Einc prmq

The polarization tensor

The polarization tensor in the local coordinate for the inclusion with volume V is :

¯ " ´iω 0 V ¨» - α l 0 0 0 αt 0 0 0 αt fi fl α l " 11 i ´ 11 11 `Ll p i ´ 11 q αt " 22 i ´ 22 22 `Lt p i ´ 22 q
L l and Lt are dependent on the shape of inclusion.

For a cubic inclusion, L l " c arctan `c { ? 1 `2c ˘and Lt " p1 ´Ll q { 2, where c " 11 { 22 6 . The 3 rd case -three scatterers 
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  FIGURE 1. The Padua points with their generating curve for n = 12 (left, 91 points) and n = 13 (right, 105 points), also as union of two Chebyshev-Lobatto subgrids (red and blue bullets).
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  Figure: The Configuration of the 1 st Case 7
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 : Figure: Imaging results by MUSIC for noiseless case (left figure) and 30 dB noisy case (right figure)
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Configuration of interest

The 1 st case -one scatterer