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Pocklington equation (1897.)

Frequency domain
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Hallen equation (1938.)

Frequency domain
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equations

Numerical solutions
e Complex geometries

e Wide range of parameters

Analytical solutions
e Canonical geometries
e Limited parameters
e Use of approximations
e Procedure control

e Simple solutions
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~Time domaln approximations —
thin-wire approximation
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~ Time domain apprOX|mat|ons —
reflection coefficient
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~ Time domain approximations —
integral function

1R
L o, L Ty v
j](x',t—g—je dx'zj{]( t——-j+1( t—ﬁj—](x,t——a—ﬂe dx'
5 % R : % % % R

Sesni¢: Time domain analysis (of the GPR transmitted field)



Training School on EM Modelling Techniques for GPR, November 11, Split, Croatia

(ygierO'jE”(t):— a—z—yag—yga—z
Ot : o’ ot ot
g LR i q
7, afe e a FoEn
o E[(x,t—;l[ dx _—ﬂ-z[rref (T)](x,t—;—sz‘; 5 dx'dr
(y¢9s+,uo')E”(s)=—i iz—yas—ygsz
. Ar\ ox®
o iR
—ES Le o Le Ty v
](x,s)e Y I d '—ngT(S)I dx'
0

Sesni¢: Time domain analysis (of the GPR transmitted field)



Training School on EM Modelling Techniques for GPR, November 11, Split, Croatia

L T,V L T
[S——ax' -T2 (5) [S—ax'=2 W A
R . PR Ly

*I(x,s) 47 s
A S v Etr
axZ 7/ (X,S) ﬂSqJ(S)e 7 X (S)
. 25 cosh(;/ %—xD
s — e E7(5)| 1=
ﬂSlP(S) cosh ;/£j
2

Sesni¢: Time domain analysis (of the GPR transmitted field)



Training School on EM Modelling Techniques for GPR, November 11, Split, Croatia

Cauchy residue theorem
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Hallen integral equation
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Total reflected field
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Total field in the upper medium
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Boundary element formalism
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Transmission coefficient
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Linear approximation
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Boundary element formalism
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Boundary element formalism
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Parameters of the calculation

Properties of the antenna
e Length L=1 m
e Radius a=6.74 mm
e Height h=0.1m
Properties of the lower medium
e Relative permittivity € =10
e Conductivity o=1,10 mS/m
Properties of the excitation

e Gaussian pulse V_ =1V, g=1.5"109 s, t_,=1.43 ns
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Stochastic post-processing
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Stochastic collocation technique

‘ Polynomial approximation of the output E for N random parameters

T gl Random parameter

E (Z ! L ) = Zn: E. (Z ! ) L, (t ) Lagrangian basis function set
i=1

Ll. (t ) = H ((t._t ) Lagrange polynomial
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Stochastic collocation technique

1 <E(Zo,f)> = jE(ZO,u)p(u)du Statistical mean value

Expected value of the output

o’ =Y wE’ (ZO)—( wE? (Zo)jz Variance
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[tiple independent random
variables principle

Three random variables (height above ground, permittivity and field
observation point) - projection on Lagrangian basis

n, 1

o iZZIU.k (X7, X3, X)L, ()L, (s) L, (¢)

i=0 i=0 i=0

Variance(E ‘ RV )

Influence (E ) = Influence of each RV

' Variance (E ‘ tot)
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Computational examples
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e NP

Parameters of the calculation

Height h

h=h"+4) B’ =X'=03m
zero-mean RV with uniform distribution from o.05 to 0.55 m
Ground permittivity &,

£ =¢ ti £ =X 15
zero-mean RV with uniform distribution from 2 to 28
Observation point d

d=d’+i, da - ¢ Im
zero-mean RV with uniform distribution from 0.5 to 1.5 m
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stochastic analysis

Mean value Influence of each RV
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Concluding remarks

Software SuzanaTD, freely available
Analytical solutions for the wire antenna in the TD

Future work - solution for the transmitting antenna
Transmitted electrical filed in the TD
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