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Abstract

In this paper, the solution of two-dimensional inverse tecatg problems is addressed
by probing the unknown scenarios wilhZ andT M waves. To better exploit the infor-
mation content of the scattered data the multi-zooming agaghr is used. The results of
experiments with single as well as multiple scatterers eponted and discussed also in

comparison with single-polarization inversions.
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1 Introduction

Microwave imaging is aimed at reconstructing the geomaltrand/or physical properties of
unknown objects belonging to an inaccessible domain andegrdy a set of known electro-
magnetic waves. The scattered field data containing thema&ton about the unknown objects
are measured outside the domain under test as needed invasive diagnosis (e.g., biomed-
ical imaging [1]-[8], non-destructive testing [9]-[12]ulssurface archeology [13]-[15], remote
sensing). Besides the kind of material embedded within tlkiestigation domain, the kind
of illuminating waves unavoidably influence the field datacérdingly, it is expected that the
use of probing waves having different polarizations canyoaut different information. Dealing
with two-dimensional inverse scattering problems, thesverse electrici( £) illumination and
the transverse magneti¢'{/) illumination are usually taken into account. The lattes baen
more frequently used [16]-[18] because of the scalar naifitlee arising scattering equations.
Notwithstanding, the use af E-polarized incident waves implying the solution of vecabin-
tegral equations have been considered [2][19]-[27], a& @&lly in few cases, the two data sets
have been jointly exploited for inversion procedures. Aceale method where tHEE-based
andT M-based inversion procedures were performed at successp®ssing the result of the
first step as initialization of the second one has been destin [28].

This work presents an innovative approach aimed at inwgmir single step the data collected
using bothl’ & andT M illuminations. A single cost function exploiting the infoation related
to thez component (i.eJ"M polarization) as well as they components (i.eZ'E polarization)

of the field is optimized through a well known gradient basextpdure [29].

To increase the accuracy of the reconstructions, the ikeritulti-Scaling Approach {1 S A)
proposed in [30] and successively validated in [31]-[33]I&0 applied as a mean for enhancing
the data exploitation. As a matter of fact, th&/ S A allows a smart allocations of the unknowns
within the investigation domain to obtain finer details oé thnknown objects as well as to
reduce the occurrence of false solutions of local minimaefdost function at hand. At each
step of multi-resolution process, a synthetic zoom is paréal only within the region where
the objects are supposed to be located thanks ta4bréori information iteratively gathered

from previous steps.



The outline of the paper is as follows. The problem is forrfedan Sect. 2 where the multi-
resolution cost function adopted for the retrieval of th&nowns is described, as well. Repre-
sentative results are reported in Sect. 3 to assess théiedfeEss of the combinédE + T'M
inversion method. Moreover, comparisons with/ andT'E inversion procedures are shown.

Eventually, some conclusions are drawn in Sect. 4.

2 Mathematical Formulation

Let us consider a tomographic two-dimensional scenariaevtiee physical characteristics of
the unknown objects are invariant with respect to thaxis. The region under test, called
Investigation Domain D), is illuminated by a set ot/ incident electric fieldsE?,. . (x,y),

v = 1,...,V, at a fixed angular frequency, The sources generating the incident field can
be eitherT'M polarized [i.e..£},. (z,y) = E},.(x,y)z] or TE polarized [i.e..E},. (z,y) =

B e (x,y) 2 + By . (2,y) 3] In the former case, the interactions between the field bed t

objects are described through the following scalar retetidp

EY o (x,y) = E o () + K3 /D (2 y) B o (2, y) G (z,yl 2 y) do'dy” (1)
I

whereL}, (z,y) = E, (v,y) 2, v = 1,..,V, is the total electric field. In (1), the position
(x,y) can be either insid®; or belonging to the measurement domaih,() outsideD;. The
function (z,y) =€, (z,y)—1 —j%ﬁ’oy) is the so-called object function, ando being the rel-
ative permittivity and the conductivity, respectively. kover,k, = w, /1€ is the free-space

wavenumber, andy, are the background dielectric permittivity and permeabhitespectively.

The free-space Green'’s functior( =, y| 2/, y') = —4 H? (kg\/(:c — /)’ + (y — y’)Q), 32
being the second kind zero-order Hankel function.

As for theT F illumination, the integral equation is a vectorial one

By (2,y) = Ep (,9) + (K +V V) /D (2 y) By (2,y) G (2,y] 2, o) da'dy” . (2)

I



where the operatoy is applied to the spatial variables.

Integrals (1) and (2) can be also written as

E}, (z,y) = Eb (2,y) + k) /D (2, y) Eby (2,y) - G (w,yl 2, y') da'dy’ (3)

I

whered is the dyadic Green’s function [21].

Unlike the method proposed in [28], the cost function eviashgathe mismatch on thB®ata
[(z,y) € Dy]andSate[(z, y) € D;]terms takes here into account contemporarily all the three
components of the electric field. By exploiting th&/ S A, at each step of the multi-resolution
strategy, a synthetic zooming is performed only within thgions-of-interestRo/s) where the
scatterers have been located at the previous step. Maticaityathe proposed method deals

with the following multi-resolution cost function

O {7 (21 Un)) + Bltor (Tns Un) = Pt + are

(4)
n(r)y=1,..N;r=0,..,R®: c=z,y,z;0=1,..,V
where

(I)(Dsglm _ Zc:m,y,z {Zl‘)/zl Z%((Z)):l o Escgt)ztt (xm(v)a ym(v)) - %?czjztt (im(v)a ym(v)) ‘2} (5)

Zc:x,y,z {Z Zn]\f((;) ‘Eschtt (xm(v)a ym(v))’ }

beingEgga}Ltt (xm(v)a ym(v)) = Etco’:f} (xm(v)a ym(v)) - Ezcr’;é (xm(v)a ym(v)) and

(s) () e e 2

20— De=a,y,2 {ZX 1 050 Syt Be | Eie ( ( n(r)ayn(r)) — Sine (xn(r)a yn(r))’ } ©

Zc:m,y,z { ZR(S) ZnN(i"r))zl ‘Elcnz ( n( )3 yn(r)) ‘2}

whereR®) = s — 1,5 = 1, ..., Sopt, Sop: DEING the convergence step of the/ SA. Moreover,
m(v)=1,...,M", v =1,..V, are the locations of the observation domain where botl tota
and incident fields are measured. Finally, 5. are real and positive coefficients related to the

c-th field component.



In (5) and (6), the estimated scattered fi€ld ], (xm(v), ym(v))] and incident field 3}, (azn(r), yn(r))]

are computed as follows

R N
Statt (Tmw)s Yme)) = 2 (Z) i > 7 (Tns Un) Edtor (En0): Uner)) Gea (Tne)s Y| Ty Ymio))

r n(r x,Y,2

(7)
and
Sine (xn(r)a yn(r)) = Bl (xn(r)v yn(r))
N
- (; L Z ( Lu(r), yu(r)) EZl),tot (xu(r% yu(r)) Gea (xu(r)a Yu(r) | Tn(r), yn(r)QS)
T,Y,2

To minimize (4), an alternate conjugate-gradient optinraapproach is taken into account
[29]. Although very effective global optimizers are avaik (e.g., Genetic Algorithms{As)
[34]-[36], Particle Swarm OptimizerHSO) [37]-[40], Differential Evolution O F) [41][42],
Memetic Algorithms (1 A) [43][44]), a deterministic approach is used to focus on‘#fgect”
of data on the reconstructions thus avoiding the randomofestochastic method. The multi-
step procedure terminatessat= S,,; when the stability conditions, defined in [31] for th&//

case, hold true.

3 Numerical Assessment

In this section, a set of representative results concernidsimgle and multiple dielectric and
lossless ¢ = 0) scatterers are shown. The reconstructions have beeeaaui starting from
noiseless as well as corrupted data. More specifically, tatesed data has been blurred with

a random and normally distributed noise having zero meanstanttdard deviation equal to

(v) 2
. Zvvzl Z'r];{(v) 1 E;:Ztt ($m(v)7ym(v))‘
7= 2MV (SNR)

, SN R being the signal-to-noise ratio. To evaluate the
quality of the reconstructions and to allow a quantitatieenparison with the results of the

IMSA-TFE andI M SA—T M approaches, the following error figure quantifying the masch

6



between actual and retrieved object functions has beerndsred

€ (xn(r), yn(r)) — (xn(?“)’ yn(r))
GgCt (xn(r)v yn(r))

S 1 (r)

P 1 (reg)
reg) = D ~0 > { }xlOO. (9)
r=1 (reg) ney=1

and evaluated within the support of the actual scatterer, fieg — int), outside the actual
scatterer region (i.ereg — ext), or on the wholeD; (i.e.,reqg — tot).

The first experiment deals with a square homogeneous smrattearacterized by an object
function valuer®® = 0.5 and belonging to an investigation domain of sizé x 2.4)\3. The
object is off-centered and its center coordinateszdfe= —0.24\,, y** = 0.48)\,, While the
side isL** = 0.48)\q. The working frequency i§ GH . The field data have been collected at
M® = 21 equally-spaced locations @f,; and a circlep = 1.8), in radius.V = 4 different
views, uniformly-spaced around;, have been considered. At each iteration,fifoé has been
partitioned intoN("”) = 36 square sub-domains. The same inversion has previousliywidal

in [21] through thel M SA — T'E method and also compared with th&/ S A — T'M procedure.
Since it has been already proven that for h§yN R (e.g., close to noiseless conditions), both
IMSA —TFE andIMSA — TM reconstruction approaches satisfactorily perform, Fgur
reports the inversion results whéiNR = 10dB andSNR = 5dB. The2D grey-scale plots
show that/ M SA — (T E + T M) method improves the other techniques as confirmed by the
values of the error indexesin Fig. aNR = 10dB - Fig. 2@); SNR = 5dB - Fig. 2p)]. As

a matter of fact, the support of the scatterer is better défamel the reconstructions are more
homogeneous without clutters in the background.

The second experiment concerns with a multiple objectsasaen Two off-centered square
dielectric objects of sidd.{* = L3 = 0.67\, are embedded in an investigation domain of
dimensiond x 4)\2. The objects are homogeneoug{ = 75 = 0.5) and located at{* =
Yt = 0.67\g, 25 = y5* = —0.67)\ and have sidd.{" = L5 = 0.67)\¢. The scenario has
been probed from = 8 directions by a source working atG H =z, while the measurements
have been collected at/) = 35 locations. During the inversion process, tRel has been

partitioned intoV (") = 100 cells. Figure 3 shows the reconstructions obtained with fiies A-



based methods. Whether, on one hand, the solutions achigwbed three approaches are quite
similar in noiseless conditions, on the other, the perforceaof the/ M SA — (TE + T M)
approach are better for noisy scenarios [Figsd)-3(i)]. As a matter of fact, besides some
artifacts in the background also present in both’ftieandT" M inversions, the profiles of the
two scatterers are more accurately estimatedMs A — (T'E +T'M ). Moreover and likewise
the previous example, the values of the object function iwithe scatterer supports is more
uniform especially when processing heavy-noise datg {.&8.R = 5dB). For completeness,
the corresponding error figures are given in Fig. 4.

Similar conclusions can be also drawn from the reconstiastin Fig. 5 6 N R = 5dB) related

to the inversion of two square dielectric objects with diffiet sizes. Such a benchmark problem
has been previously considered in [21] where the dieledistibutions in Fig. 5§) and Fig.
5(c) have been obtained with theM/SA — TFE and thelMSA — T M, respectively. Itis
worth noting that thee M SA — (TE + T'M) strategy is able to localize both scatterers [Fig.
5(a)] with a higher degree of accuracy, as compared to the otheritams, although the high
level of noise. The last experiment considers a more comgderario. Three homogeneous
(rpet = 79t = 74 = (.5) square objects identical in siz&(" = 0.67\y, i = {1,2,3})
are centered ate( = y{“ = 0.67)\g), (@5 = —0.67)\, y5< = 0.67\o), and 3 = 0.0,
yset = —0.67)\) within a D; of dimensiord x 4)\2. The illumination frequency has been set to
4GHz Moreover,M™ =35, v =1,..,V =8, andN™ = 100,r = 1, ..., Sy — 1. In[21],
the IMSA — TE demonstrated an enhanced efficiency compared #& A — T'M dealing
with such an inversion, then hereinafter the comparisoimigdd to /M SA — (TE + T M)

vs. IMSA — TE. The solutions in noiseless conditions [Figsa)g()], whenSNR = 10dB
[Figs. 6€)-(d)], and SNR = 5dB [Figs. 6@)-(f)] are reported. As it can be observed, the
three objects are correctly localized withiny and better resolved by thé\/ SA— (T E+T M)

approach. As a matter of fact, tié/SA— (T E+T M) determines more homogeneous profiles.

4 Conclusions

In this paper, the two-dimensional reconstruction of ditle scatterers illuminated by F

andT M polarized electromagnetic waves has been considered. dldedfita independently
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acquired from the two polarizations have been processedyliiscaling reconstruction pro-
cedure. A set of preliminary results concerned with singld enultiple objects as well as
noiseless and noisy data have been shown and compared w#h fitom single-polarization
inversions.

Such a preliminary assessment has pointed out a poterpdisucapability of the two-polarization
technique that deserves a further and deeper analysis with complex scatterer distributions
and experimental data. Moreover, a thoroughly invesigabin the information available from
the collected when using different polarization is of ietdras well as the possibility to pro-
cessI'M andT E data in a different fashion for designing more efficient ns#en procedures.
Further investigations will also concern with the use of siaene number of equations in the
inversion procedures when dealing with noisy scenariohi®case of independent and identi-
cally distributed noise. As a matter of fact, three noisy suieaments per receiver with tde\/
antennas could reduce the noise variance in the reconstisct

Notwithstanding, since generally different antennas aezluo collectl’ £ or T'M polarization
data, the engineering problems related to the collectidrott polarizations deserve a deeper
analysis. For example, the evaluation of whether it is mdkaatageous to either use the same
number of antennas féF £ and 7'M measurements, or favor the use of more antennas of a

certain polarization over the other one has to be faced.



References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

S. Caorsi, A. Massa and M. Pastorino, “Numerical assessoogterning a focused mi-
crowave diagnostic method for medical applicatioh§8EE Trans. Antennas Propag., vol.

48, no. 11, pp. 1815-1830, Nov. 2000.

A. Abubakar, P. M. van den Berg, and J. J. Mallorqui, “Imagof@iomedical data using a
multiplicative regularized contrast source inversionimoet” |EEE Trans. Microw. Theory

Tech., vol. 50, no. 7, pp. 1761-1771, Jul. 2002.

S. Caorsi, A. Massa, M. Pastorino, and A. Rosani, “Microwmexdical imaging: po-
tentialities and limitations of a stochastic optimizatiechnique,”|EEE Trans. Microw.

Theory Tech., vol. 52, no. 8, pp. 1909-1916, Aug. 2004.

G. Bindu, A. Lonappan, V. Thomas, C. K. Aanandan, and K. T.hdat “Dielectric
studies of corn syrup for applications in microwave breastging,” Progress In Electro-

magnetics Research, vol. 59, pp. 175-186, 2006.

G. Bindu, S. J. Abraham, A. Lonappan, V. Thomas, C. K. Aanandad K. T. Mathew,
“Active microwave imaging for breast cancer detectioRtbgress In Electromagnetics

Research, vol. 58, pp. 149-169, 2006.

M. Benedetti, M. Donelli, A. Martini, M. Pastorino, A. Rosaand A. Massa, “An inno-
vative microwave imaging technique for non-destructivaleation: applications to civil
structures monitoring and biological bodies inspectidBEE Trans. Instrum. Meas., vol.

55, no. 6, pp. 1878-1884, Dec. 2006.

H. Zhang, S. Y. Tan, and H. S. Tan, “A novel method for microevaveast cancer detec-

tion,” Progress In Electromagnetics Research, vol. 83, pp. 413-434, 2008.

H. Zhou, T. Takenaka, J. Johnson, and T. Tanaka, “Breastiimgagodel using mi-
crowaves and a time domain three dimensional reconstructathod,”Progress In Elec-

tromagnetics Research, vol. 93, pp. 57-70, 2009.

10



[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

W. H. Weedon, W. C. Chew and P. E. Mayes, "A step-frequencgrrawlaging system for
microwave nondestructive evaluatiorRfogress In Electromagnetics Research, vol. 28,

pp. 121-146, 2000.

M. Pastorino, S. Caorsi, A. Massa, “A global optimizatioaheique for microwave non-
destructive evaluationEEE Trans. Instrum. Meas., vol. 51, no. 4, pp. 666-673, Aug.
2002.

M. Benedetti, M. Donelli, G. Franceschini, M. Pastorinodal Massa, “Effective ex-
ploitation of the a-priori Information through a microwaweaging procedure based on
the SMW for NDE/NDT applications,TEEE Trans. Geosci. Remote Sens., vol. 43, no.
11, pp. 2584-2592, Nov. 2005.

V. Thomas, J. Yohannan, A. Lonappan, G. Bindu, and K. T. Mathieocalization of
the investigation domain in electromagnetic imaging ofidair2-D dielectric pipelines
with circular cross sectionProgress In Electromagnetics Research, vol. 61, pp. 111-131,

2006.

E. Bermani, S. Caorsi and M. Raffetto, "An inverse scattgapproach based on a neural
network technique for the detection of dielectric cylirlburied in a lossy half-space,”

Progress In Electromagnetics Research, vol. 26, pp. 67-87, 2000.

M. Benedetti, M. Donelli, G. Franceschini, M. Pastorinod #&n Massa, “Evaluation study
of the effectiveness of the integrated GA-based strategyhi® tomographic subsurface

detection of defects,J. Opt. Soc. America A, vol. 23, no. 6, pp. 1311-1325, 2006.

F. Li, X. Chen, and K. Huang, "Microwave imaging a buried abjey the GA and using
the S11 parameterProgress In Electromagnetics Research, vol. 85, pp. 289-302, 2008.

R. Azaro, A. Casagranda, D. Franceschini, and A. Massa, PAovative fuzzy-logic-
based strategy for an effective exploitation of noisy iseescattering dataProgress In

Electromagnetics Research, vol. 54, pp. 283-302, 2005.

W. Chien, "Inverse scattering of an un-uniform conducyiatatterer buried in a three-

layer structure,Progress In Electromagnetics Research, vol. 82, pp. 1-18, 2008.

11



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

C.-H. Huang, C.-C. Chiu, C.-L. Li, and K.-C. Chen, "Time damaaverse scattering of
a two-dimensional homogenous dielectric object with aabjt shape by particle swarm

optimization,"Progress In Electromagnetics Research, vol. 82, pp. 381-400, 2008.

N. Joachimowicz, C. Pichot, and J.-P. Hugonin, “Inversétegag: An iterative numerical
method for electromagnetic imagindgEEE Trans. Antennas Propag., vol. 39, no. 12, pp.

1742-1752, Dec. 1991.

C.-C. Chiu and C. J. Lin, “Image reconstruction of buriedetitric cylinders by TE wave

illumination,” Progress In Electromagnetics Research, vol. 34, pp. 271-284, 2001.

D. Franceschini, M. Donelli, G. Franceschini, and A. MaSkarative image reconstruc-
tion of two-dimensional scatterers illuminated by TE waV€SEE Trans. Microw. Theory

Tech., vol. 51, no. 4, pp. 1162-1173, Apr. 2003.

R. Azaro, M. Donelli, D. Franceschini, and A. Massa, “Mutaéing reconstruction of
metallic targets from TE and TM experimental datdjcrow. Opt. Tech. Lett., vol. 48, no.
2, pp. 322-324, Feb. 2006.

T. Uno and S. Adachi, "Inverse scattering method for oneedisional inhomogeneous

layered media,'EEE Trans. Antenna Propag., vol. 35, no. 12, pp. 1456-1466, Dec. 1987.

T.J. Cuiand C. H. Liang, "Inverse scattering method for dmeensional inhomogeneous
lossy medium by using a microwave networking techniqUeEE Trans. Microw. Theory

Tech., vol. 43, no. 8, pp. 1773-1781, Aug. 1995.

J. Ma, W. C. Chew, C.-C. Lu, and J. Song, "Image reconstradtmm TE scattering data
using equation of strong permittivity fluctuationEEE Trans. Antennas Propag., vol. 48,

no. 6, pp. 860-867, Jun. 2000.

Y.-S. Lin, C.-C. Chiu, and Y.-C. Chen, "Image reconstruatior a perfectly conducting
cylinder buried in a three-layer structure by TE wave illaation," in Proc. Int. Conf.
Computational Electromagnetics Applications (ICCEA 2004), Nov. 1-4, 2004, pp. 411-
414.

12



[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

M. R. Hajihashemi and M. El-Shenawee, "TE Versus TM for thapghreconstruction of
2-D PEC targets using the Level-Set algorithhgEE Trans. Geosci. Remote Sens., 2009,

in press.

C.-P. Chou and Y.-W. Kiang, “Inverse scattering of dielectiylinders by a cascade TE-
TM method,” IEEE Trans. Microw. Theory Tech., vol. 47, no. 10, pp. 1923-1930, Oct.
1999.

R. E. Kleinmann and P. M. Van den Berg, “A modified gradient moelt for two-
dimensional problems in tomography,”Comput. Appl. Math., vol. 42, no. 1, pp. 17-35,
1992.

S. Caorsi, M. Donelli, D. Franceschini and A. Massa, “A newtmeéology based on an
iterative multiscaling for microwave imaginglEEE Trans. Microw. Theory Tech., vol.

51, no. 4, pp. 1162-1173, Apr. 2003.

S. Caorsi, M. Donelli, and A. Massa, “Detection, locatiord amaging of multiple scat-
terers by means of the iterative multiscaling meth®8EE Trans. Microw. Theory Tech.,

vol. 52, no. 4, pp. 1217-1228, Apr. 2004.

S. Caorsi, M. Donelli, and A. Massa, “Analysis of the stdpiland robustness of the
iterative multi-scaling approach for microwave imagingkgations,”"Radio Sci., vol. 39,

pp. 1-17, Oct. 2004.

M. Donelli, D. Franceschini, G. Franceschini, and A. Mas&dfective exploitation of
multi-view data through the iterative multi-scaling medhcAn experimental assessment,”

Progress In Electromagnetics Research, vol. 54, pp. 137-154, 2005.

M. Pastorino, A. Massa and S. Caorsi, “A microwave inversatedng technique for
image reconstruction based on a genetic algorithEEE Trans. Instrum. Meas,, vol. 49,

no. 3, pp. 573-578, Jun. 2000.

S. Caorsi, A. Massa and M. Pastorino, “A computational tepmbased on a real-coded
genetic algorithm for microwave imaging purposd&EE Trans. Geosci. Remote Sens.,

vol. 38, no. 4, pp. 1697-1708, Jul. 2000.

13



[36] A. Massa, D. Franceschini, G. Franceschini, M. Raffetto Pdstorino, and M. Donelli,

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

“Parallel GA-based approach for microwave imaging appices,” | EEE Trans. Antennas

Propag., vol. 53, no. 10, pp. 3118-3127, Oct. 2005.

S. Caorsi, M. Donelli, A. Lommi, and A. Massa, “Location anmaging of two-
dimensional scatterers by using a Particle Swarm algoritntlectromagn. Waves Ap-

plicat., vol. 18, no. 4, pp. 481-494, 2004.

M. Donelliand A. Massa, “A computational approach based particle swarm optimizer
for microwave imaging of two-dimensional dielectric seatrs,” |[EEE Trans. Microw.

Theory Tech., vol. 53, no. 5, pp. 1761-1776, May 2005.

M. Donelli, G. Franceschini, A. Martini, and A. Massa, “Art@grated multi-scaling strat-
egy based on a patrticle swarm algorithm for inverse scaggsroblems,”lEEE Trans.

Geosci. Remote Sens,, vol. 44, no. 2, pp. 298-312, Feb. 2006.

A. Semnani and M. K. Hesari, “Truncated cosine fourier seggpansion method for
solving 2-D inverse scattering problemByogress In Electromagnetics Research, vol. 81,

pp. 73-97, 2008.

A. Massa, M. Pastorino, and A. Randazzo, “Reconstructiotwotdimensional buried
objects by a hybrid differential evolution methodiiverse Problems, vol. 20, no. 6, pp.

135-150, Dec. 2004.

I.T. Rekanos, “Shape reconstruction of a perfectly coridgdcatterer using differential
evolution and particle swarm optimizationEEE Trans. Geosci. Remote Sens,, vol. 46,

no. 7, pp. 1967-1974, Jul. 2008.

S. Caorsi, A. Massa, M. Pastorino, M. Raffetto, and A. RandaDetection of buried in-
homogeneous elliptic cylinders by a Memetic algorithtEEE Trans. Antennas Propag.,

vol. 51, no. 10, pp. 2878-2884, Oct. 2003.

S. Caorsi, A. Massa, M. Pastorino, and A. Randazzo, “Eletaignetic detection of di-
electric scatterers using phaseless synthetic and realastat the Memetic algorithm,”

|EEE Trans. Geosci. Remote Sens., vol. 41, no. 12, pp. 2745-2753, Dec. 2003.

14



FIGURE CAPTIONS

e Figurel. Sngle Scatterer - Reconstruction of the object function with)(b) the I M S A—
(TE +TM), (c)(d) the IMSA — TE, and €)(f) the IMSA — TM when @)(c)(e)
SNR =10dB and p)(d)(f) SNR = 5dB.

e Figure?2. Sngle Scatterer. Reconstruction Accuracy - Behavior of the totalg;,;), internal

(&ne), and externalq,;) errors whend) SNR = 10dB and ) SNR = 5dB.

e Figure 3. Two Scatterers (L4 = L3 = 0.67)\) - Reconstruction of the object function
with (a)(d)(g) the IMSA — (TE + TM), (b)(e)(h) theIMSA — TE, and €)(f)(i) the
IMSA — TM in (a)(b)(c) noiseless condition and whed)(e)(f) SNR = 10dB and
(9)(h)(i) SNR = 5dB.

e Figure 4. Two Scatterers (L = L3 = 0.67),). Reconstruction Accuracy - Behavior
of the total €,), internal €;,;), and externalq..;) errors wheng) SNR = 10dB and
(b) SNR = 5dB.

e Figure 5. Two Scatterers (L4t = 0.67\o, L5 = 1.33),) - Reconstruction of the object
function with @) the IMSA — (TE+TM), (b)theIMSA—TE, and €) the/MSA —
TM whenSNR = 5dB.

e Figure 6. Three Scatterers (L§“ = L5 = L3 = 0.67),) - Reconstruction of the object
function with @)(c)(e) theIMSA— (TE+TM) and p)(d)(f) the/ M SA—TFE in (a)(b)
noiseless condition and wheg)(d) SNR = 10dB and €)(f) SNR = 5dB.

e Figure 7. Three Scatterers (L = L5 = L5 = 0.67)\o) - Reconstruction Accuracy
- Behavior of the totalq;,), internal €;,;), and externalq_.;) errors whend) SNR =

10dB and p) SNR = 5dB.
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Fig. 1- L. Pali, “Exploitation of TE-TM Scattering Data ...”
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Fig. 2- L. Pali, “Exploitation of TE-TM Scattering Data ...”
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Fig. 3- L. Pali, “Exploitation of TE-TM Scattering Data ...”
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Fig. 4- L. Pali, “Exploitation of TE-TM Scattering Data ...”

19



Fig. 5- L. Pali, “Exploitation of TE-TM Scattering Data ...”
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Fig. 6 - L. Pali, “Exploitation of TE-TM Scattering Data ...”

21



Percentage Error [%]

Percentage Error [%]

20 T T T

" IMSA-(TE+TM) m
IMSA-TE &=
10 IMSA-TM B -
| I I I ' :
0.1 H (1) (2) (3)
tot 1nt 1nt 1nt CXt
(a)
20 T T T T T
IMSA-(TE+TM) &
IMSA-TE &=
10 IMSA-TM |+
| I I ' :
0.1 g (1) (2) (3)
tot 1nt 1nt 1nt CXt
(0)

Fig. 7- L. Pali, “Exploitation of TE-TM Scattering Data ...”
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