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1 Introdu
tionThe design of an ultra-wideband (UWB) surfa
e penetrating radar requires a good understanding of themedium properties and of the ele
tromagneti
 propagation in ground-penetrating appli
ations, whi
h 
anbe transposed in the knowledge of the environment 
ontribution added up to the transmitted signal. Inorder to remove the 
ontribution of the environment, the data 
olle
ted with the SIMIS radar are di�erentialmeasurements [1℄. The overall 
on
ept of this te
hnique is to determine a referen
e measurement, of theenvironment only, that 
an be removed by subtra
tion to enhan
e the intera
tions of the obje
ts and 
al
ulatethe s
attered �eld 
oming from the targets only. The measurement 
an be performed either in the frequen
yor the time domain whi
h mostly will provide the same information. In this 
on�guration the measurementsare made in the frequen
y domain and 
onsequently time domain signals are obtained by an inverse fastfourier transform [2℄.
2 A
quired Data FormatIn the frequen
y domain, ea
h frequen
y 
omponent is sent and measured over a narrow bandwidth with a
onstant frequen
y step of 15 MHz from fmin = 2 GHz to fmax = 8.0 GHz (for a total number of frequen
ies
Ftot = 401). For ea
h step, the adopted ve
tor network analyzer (VNA HP8720B) 
olle
ts in a text �le readyto be postpro
essed the real and imaginary parts of all the re�e
tion Smm(f), m = 1, ..., M and transmission
Snm(f), n = 1, ..., N ; m = 1, ..., M ; n 6= m parameters, where N and M are the number of re
eivers andtransmitters, respe
tively. Also a Rohde & S
hwarz VNA is available to 
olle
t the same data, the maindi�eren
es 
onsist in a slightly wider frequen
y bandwidth (fmin = 1.5 GHz and fmax = 8.0 GHz) and ahigher number of total frequen
y points Ftot = 2001. The whole frequen
y sweep of a measurement is �nallystored in a three-dimensional stru
ture as shown in Fig. 1. Every gray plane represents all the 
ombinationsbetween the m-th transmitter and n-th re
eiver (in this 
on�guration M = N) for the data 
apture of allthe S-parameters, while the pink pattern represents the frequen
y sweep of one S-parameter required bythe inverse fourier transform pro
edure to obtain the UWB time-domain signal. As it 
an be seen, on thediagonal of ea
h gray plane are stored all the re�e
tion parameters Smm(f); m = 1, ..., M . Alternatively,when an extra antenna is adopted as transmitter and the array elements a
t as re
eivers, only the transmissionparameters Sn1(f); n = 1, ..., N are measured and stored as in Tab. I. In this parti
ular 
on�guration, thetransmitter index is �xed to m = 1 while the re
eiver index n = 1, ..., N s
ans all the array elements.3
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Fig. 1 - SIMIS standard 
on�guration - frequen
y-domain data format.5



f n = 1 n = 2 · · · n = N

fmin ℜ (S11(fmin)) ,ℑ (S11(fmin)) ℜ (S21(fmin)) ,ℑ (S21(fmin)) · · · ℜ (SN1(fmin)) ,ℑ (SN1(fmin))... ... ... ...
fmax ℜ (S11(fmax)) ,ℑ (S11(fmax)) ℜ (S21(fmax)) ,ℑ (S21(fmax)) · · · ℜ (SN1(fmax)) ,ℑ (SN1(fmax))

Tab. I - SIMIS extra 
on�guration - Frequen
y-domain data format.6
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