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1 IntrodutionSurfae-Penetrati Radar (SPR) is aimed at providing an image of the objets buried in an inaessible hostmedium. Suh a senario generally ours in many appliations, ranging from to the searh of objets in thesubsoil [1℄ to through-wall imaging (TWI) [2℄. In order to e�etively reonstrut an aurate image of theinvestigation area, many methodologies based on x-rays, ultrasonis, eddy urrents, or mirowaves have beeninvestigated. In suh a framework, mirowave imaging tehniques are very promising sine eletromagneti�elds at entimeter wavelenghts an penetrate non-ideal ondutor materials and are usually low power andrelatively inexpensive.Reently, thanks to the development of e�etive ultrawideband (UWB) hardware, wideband mirowaveimaging systems have been proposed. Compared to single-frequeny approahes, suh systems allow toollet a wider amount of information, sine the sattered �eld an be measured at di�erent frequenies inthe working bandwidth and/or in the time-domain. In order to take advantage of multi-frequeny data, signalproessing plays a key role. Di�erent tehniques ombining pre-proessing treatments and mirowave imagingare urrently used to onstrut an image of a sene [3℄. In addition, time-reversal (TR) data proessing hasbeen reently employed in order to detet positions of the targets in a Syntheti-Impulse Mirowave ImagingSystem (SIMIS) [4℄.In suh a framework and within the GALILEO 2008 projet, the researh units, ELEDIA � Univ. Trentoand LEAT � Univ. Nie, are urrently involved in the integration of a SVM-based lassi�ation approahin the SIMIS for the reonstrution of the position and the shape of targets. Suh a report is foused on thedesription of problem geometry as well as of the spei�ation of the SIMIS.2 Desription of the Problem GeometryA set of N irular ylindrial satterers with baryenters (

Xobj
n , Y obj

n

)

, n = 1, ..., N , radius rn and height
hobj

n , n = 1, ..., N are loated inside an investigation area DI . The n-th satterer is haraterized by thedieletri properties (ǫr, σ)n, while the relative permittivity and the ondutivity of DI are ǫrD and σD,respetively. The measurement system is loated outside DI as shown in Fig. 1 and onsists of a linear arrayof M exponential tapered slot (ETS) antennas, equally spaed by s. Eah antenna an be used either as atransmitter or a reeiver, so M2 measurements are available if all the possible ombinations of emitting andreeiving antennas are onsidered. In partiular, when the m-th antenna is both transmitter and reeiverthe S11(f) re�etion parameter is measured, otherwise the transmitting parameter S21(f) is olleted in thefrequeny range fmin < f < fmax. Alternatively, an extra antenna an be used as transmitter while the3



array elements at as reeivers. The main advantage of the seond on�guration is that di�erent emittingantenna typologies and positions an be employed without a�eting the reeiving system. However, in suha ase only M S21(f) parameters are available.The measurements are performed both with and without the satterer in order to obtain di�erential data,wherein the ontribution of the environment is removed by subtration.As for the spei�ations of the SIMIS, the system ollets the sattering measurements by means of
M = 8 ETS antennas working in the frequeny band between fmin = 1.4 GHz and fmax = 20 GHz (Fig.2). Eah antenna an be employed as a transmitting and reeiving devie by means of two eletromehanialmirowave 1-to-M multiplexers. A two-port vetor network analyzer provides RF signal to the transmittingantenna and measures re�etion and trasmission S parameters.
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Fig. 1 - Geometry of the measurement system.6



Fig. 2 - Prototype of the SIMIS radar.7
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