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EFFECTIVE EXPLOITATION OF THE INFORMATIONCONTENT OF NOISY DATA IN INVERSE SCATTERINGPROBLEMS: A FUZZY-LOGIC-BASED STRATEGYAronne Casagranda*, Massimo Donelli*, Davide Franeshini*, and Andrea Massa** ELEDIA Researh Group � DITUniversity of Trento -Via Sommarive, 14 - 38050 Trento - ITALYE-mail: {aronne.asagranda, massimo.donelli, davide.franeshini, andrea.massa}�dit.unitn.itWeb-site: http://www.eledia.ing.unitn.itAbstrat . One of the main drawbaks when dealing with inverse sattering problems is their in-trinsi ill-onditioned nature, emphasized by the presene of the noise in the measured data. Inorder to avoid/limit this drawbak, this paper presents an innovative fuzzy-logi-based approah.The proposed fuzzy system allows to take into aount the orrupted nature of the data in a simpleand e�etive way. The e�etiveness of the proposed inversion strategy is shown by omparing theahieved results with those obtained with state-of-the-art inverse sattering tehniques.1. IntrodutionIn the framework of the mirowave imaging, some of the main di�ulties in the reonstrutionproess are ertainly due to the ill-posedness of the inverse problem and to the noisy nature of theavailable measured data.In pratial situations, experimental and environmental noises add to the sattered signals due to themehanial positioning of the eletromagneti �eld sensors or to the eletromagneti interferenesin the test-hamber. These fators signi�antly a�et the result of the eletromagneti imagingproess (haraterized by an high intrinsi instability), leading to inaurate reonstrutions of thesenario under test.In the framework of spatial-domain proedures, this drawbak is generally overome by reformu-lating the original inverse sattering problem in the minimization of a suitable ost funtion. Suha funtion provides a measure of the �tting between the reonstruted and the available data or-rupted by the noise. It is omposed of two terms: the data term and the state term whih depend onthe sattered �eld in the observation domain and on the inident �eld in the investigation domain,respetively. Suitable multipliative regularization parameters allows one to weight more the oneor the other term, depending on the unertainties assoiated with both of them.In order to properly exploit the information-ontent available in the noisy data, the proposed ap-proah avoids a diret estimation of the reliability of the sattering data (beause of the ost andthe omplexity of suh an estimate) and it takes into aount the presene of the noise through astrategy based on a fuzzy logi [1℄. The fuzzy system determines the values of the weighting regu-larization parameters estimating, in an unsupervised way, the degree of reliability of the availabledata.The paper is organized as follows. In Setion 2, the mathematial formulation of the inverse sat-tering problem is brie�y resumed and a desription of the fuzzy-logi-based approah is presented(Set. 3). Setion 4 shows a set of seleted numerial results in order to point out the improvementbrought by the fuzzy system. A �nal disussion is reported in Setion 5.2. Inverse Problem FormulationReferring to a two-dimensional problem haraterized by a ylindrial geometry, a set of TM planewaves (Einc
v (x, y)ẑ, v = 1, ..V ) suessively illuminates an unknown investigation domain, whose



eletromagneti parameters (or the objet funtion τ(x, y)) have to be determined. The bakgroundmedium is assumed to be homogeneous (haraterized by a dieletri permittivity ε0) and lossless.The relation between dieletri properties of the investigation domain and sattered �elds is math-ematially desribed through the well-known integral inverse sattering equations [2℄. Their dis-retized version, obtained subdividing the investigation domain by N retangular basis funtions,is reported in (1) and (3):
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1 being the Bessel funtion of �rst kind and the 0-th and �rst-order Hankel funtionof the seond kind, respetively; Etot
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v (xm(v)
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) is olleted at eah view, v =

1, ..., V , in M(v) measurement points equally-spaed along a irular observation domain. Moreover,the inident �eld Einc
v (x, y) is measured, without the satterer, in the investigation domain.Then, the objet funtion τ(xn, yn) as well as Etot

v (xn, yn) are retrieved after the minimization of asuitable ost funtion de�ned, aording to the fuzzy-logi approah, in Setion 3.3. The Fuzzy-Logi-Based ApproahThe fuzzy-logi system ats between the data aquisition and the de�nition of the ost funtion to beminimized, by determining the values of a set of weighting oe�ients (αm
v and βn

v , m(v) = 1, ...,M(v) ,
v = 1, ..., V , n = 1, ..., N) that express the reliability of eah sample of the measured sattered andinident �eld. Consequently, the arising ost funtion turns out to be
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(5)In order to de�ne the weighting oe�ients by taking into aount the presene of the noise on themeasurement data, the e�etiveness of a fuzzy-logi strategy an be fully exploited.



Firstly, the sattering data are normalized (�normalization� step) by means of the omputation ofthe following oe�ients
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v = 1, ..., V ; m(v) = 1, ...,M(v) (6)Then, the �fuzzy�ation� step follows. Let us de�ne a set of heuristially-de�ned rules ℜ, om-posed by a set of anteedents (Λ) and relative onsequenes (C). The system inputs (ηm
v , ξn

v ) aretransformed into their fuzzy ounterparts (ϕ (ηv
m) , ϕ (ξv

n)) by assoiating to eah sample a gaussianmembership funtion [1℄. Suh a proess allows to ativate a rule aording to the degree of simi-larity between ϕ(•) and the anteedent of the rule in Λ. An ativated rule is haraterized by anativation value that determines the degree of truth of every onsequene of C. Finally a defuzzi�erprovides the reliability index (αv
m, βv

n) by onsidering the omposition of the ativated onsequenesof C.Suessively, the ost funtion (where eah measured data ontributes aording to own reliabilityindex) is minimized by means of a suitable gradient-based minimization algorithm [3℄.4. Numerial ResultsTo assess the e�etiveness of the proposed fuzzy-based methodology, the referene square (1.2λ0-sided) ylindrial pro�le (τ = 1.0+ j0.0) has been onsidered (Fig. 1(a)). The investigation domain(4λ0 in side), disretized in N = 100 square ells, has been illuminated through a set of V = 8 TMplane waves. The inversion data, haraterized by a white gaussian noise with SNR = 10 dB, havebeen olleted in M(v) = 35 (v = 1, .., V ) measurement points.For omparison purposes, the results when the fuzzy system is onsidered have been ompared tothose of a standard approah. The quality improvement in the �nal reonstrution an be learlyobserved in Fig. 1() (with respet to Fig. 1(b) where the pro�le retrieved with the standardproedure is shown). For ompleteness, Figure 2 shows a omparison between the dereasing of theost funtion during the iterative minimization proess with and without the fuzzy system.5. ConlusionsIn this paper, an innovative approah to inverse sattering problems has been presented. Theapproah allows a simple and e�etive introdution of the information on the reliability of olletednoisy data. Suh an information is introdued into the ost funtion to be minimized throughsuitable regularization oe�ients determined by means of a fuzzy-logi system. The advantages ofthe fuzzy-logi-based strategy over standard inversion approahes have been preliminarily assessedby onsidering a set of numerial experiments.
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Figure 2. Behavior of the ost funtionReferenes[1℄ L. A. Zadeh, �Fuzzy Sets�, Information and Control, vol. 8, pp. 338-353, 1965.[2℄ S. Caorsi, M. Donelli, D. Franeshini, A. Massa, and M. Pastorino, �Mirowave imaging oftwo-dimensional satterers using an iterative multi-saling methodology,� in Pro. Jina2002,pp. 293-296, vol. 2, Nie, Frane, 12-14 November 2002.[3℄ H. Harada, D. J. Wall, T. T. Takenaka, and T. Tanaka, �Conjugate gradient method applied toinverse sattering problems,� IEEE Trans. Antennas Propagat., vol. 43, pp. 784-792, 1995.
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