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Abstract 

Calculation of the scattering waveform induced the target buried 

invisible medium is described using FD-TD(Fini te-Difference Time-Domain) 

method and SSC(Spectrum Separate Calculation) method. Although the 

results of FD-TD method are obtained field pattern more accurately than sse 
method. by using the later ...... e can evaluate the field distribution in a short 

time. The purpose of the calculation of the scattering waveform is to get 

the position of the target clearly using a signal proceSSing of the 

subsurface radar. 

I . INTRODUCTION 

The detection of artificial products or ruins at shallow depth of the 

underground is important. To make clear the space of the underground, 

various detection methods have been proposed and the developme nt of 
apparatus and a signal processing have still been improved. Using a 

subsurface radar, it becomes advantageous because of non-rlestruction and 
non-contact. .L) ,2) However, the estimation of the scattering waveform of the 

target observed by subsurface radar still continues for the improvement of 

the apparatus or the signal processing of i t. fn this paper, calculation 
methods of the scattering waveform using FD-T03

) and SSC''') one are stated . 

The result of the electric field pattern is shown under the follo'«ing 

c ondition: exciting monopulse current is applied and the target is conductor 

or air gap surrounded by invisible media. 

2. THEORY 

2.1 FD-TO MethodS) 

Fig. l shows the analysis mo.del. The target is homogeneous medium having 
arbitrary form parallel to y-direction. The electric field component of x-, 

z-direction Ex, Ez and magnetic component of y-direction Hy get to zero as 

the exciting source locates parallel to the target. 

Maxwell's equations are presented the finite difference form and the 

boundary conditions are respectively treated as ane.lytical area, a nd 

absorbing boundary. Eqs.(l)-(4) are presented the conditions of absorbi ng 

boundary. 
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( 4) 

where a !5= (V 6 t- S )/(v 6 t+ 0) (5) 

v:ray velocity in medium, 6 t:calculation time step({ () Ir2v) S :lattice 
length. 
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Fig. l Ana l ysis model used 

at FD-TO Method. Fig. 2 Model used at sse Method. 

2.2 sse Me thad 
Fig.2 shows the model of one-dimensional structure of multi-layered 

dielectrics. and transmitted monopu lse wave travels perpendicularly to the 
surface of the top of the structure. The scat tering wave is calculated as 
fo 110ws: The spec trum of received signal E".( w ) is represen ted by products 
of the spectrum of incident wave E.i.(w>. the frequency property of antenna 
A t ( W >,Ar( w) and transfer function of medium Hu ( w). The ..... aveform of the 

received signal can be obtained by inverse Fourier transform. 
e".( t)=:1 -~ (Ed w )} = .:1 -~ (Et ( w ) At( w )Hi.j ( w )Ad w)} (6) 

3. CALCULATED RESULTS AND DISCUSSIONS 
Fig.3(a) sho ... s distributions of the electric field that are calculated 

under the following condition: Exciting sources is set at 105 cm above from 
the top surface of concrete that contains a rectangular conductor object. 
An exciting curren t is expressed as in eq. (7). 
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J(t)=sin( n tiT> 0=( t <= T (7) 

=0 0 thentise 

..... here T=l ns. Other co nstants are II t=O.OS ns, S = 3 cm and numbers of 

la t tice N=120*120, in consequence the size of the analytic have been al area 
becomes 3.6 m square. 

Fig.3(b) shows the space distribution of electric field at x= S N/ 2. We 

recognize the scattering state of changi ng with time. Fig.4 shows the 

electric field of t he receiving signal that excited monopulse wave and 
calculated by sse method. 6
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rig. 3 Exa.ple of calculated by ,0-10 Method. 
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Fig_ 4 Exa.ple of calculated by sse Method_ 

4. CONCLUSIONS 

The state of the scattering electric field by the target surrounded .... i th 
invisible media has been evaluated by two calculation methods. The exciting 

current shown in eq.(7) creates the electric field pattern as show" in Fig. 
3(b) similar the wave that passing through the antenna of monopulse exciting 

current. Therefore. t""o calculation methods consider that the evaluation of 

characteristics of the scattering wave contributes together at the signal 
processing of the subsurface radar. 
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