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A Study on the Errors for the Improved Version of
the Virtual Transmission-Line Model
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Abstract

An open-ended coaxial probe method has been considered as one of effective tools for measuring electrical
properties of its contacted material without shaping and fitting. The measured reflection coefficient at the probe's
end is able to convert into the corresponding complex permittivity by employing the improved version of virtual
transmission-line model presented by our lab already. But the error of complex permittivity converted by
equivalent model increases as the operating frequency ascends high. The errors of complex permittivity in the
open-ended coaxial probe can be yielded compositively by the imperfect contact of probe, manufacture error of
probe and complex permittivity error of reference material etc. Therefore it is necessary to limit the problem to
identify the error causes in high frequency. In this paper, the errors which are resulted from the measurement
of reflection coefficient are removed by using the FDTD({Finite-Difference Time-Domain) method, the error
causes are limited the conversion model problem. And the error study of the improved conversion model is
performed from several viewpoints. At first, the local minimum of parameter to be calculated by the iteration
method in the conversion model is checked. At second, the modeling of the equivalent model is checked in the
frequency range. From this study, we know the valid range of the improved conversion model.
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transmission-line model.
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Fig. 5. The process of calculating the complex permittivity of soil by the parameter extraction method.

Yo, D)o A-eek Bk mheby 2
e L201E0 20, B84

B gags 4974 o4ueE

oA

;ﬂ 0.0
7} 1.
1 g
7 9l

Y(=Y, 8ly]

olk=4 7:”/\}61— YQ}— D (f 1 GHZ A water

8 v¢ D¥ local minimume] o2} global mini-
HhAL mum%] S Y7

T AUk 1 GHzo| Al $H44sH B4

3% ol3le] QA8 AL} T 2= Fg
4 GHz o wj¢] 7 712 o= ALtd s
of B4 FHE& LAEA ojddz Y9 D7}
72tk titA 1.4 GHzolME v De 3
Aot 28 Fu87t 1 GHzol M 1.4 GHzE

g LA &l BA F4& QA7 36 %E F
3} 7tete A B 4 Utk #9473 GHzY W9 ¢
AL Ak 314 e ATh 3 GHzoll Al F
7 oz AsE vek D g Aol Hoh o)A
Hwoa 2 AR g M ANE S8 ¥ =24

=A=23.333x10 ~?)

Table 1. The Y and D calculated by a iteration method and genetic algorithm( f=1 GHz, A .1, =3.333
x10 ).
! 0 ” 0,
Real lmaginar_\' D € m(crmr)[ /0] € m(crrur)[ /0]
& H 3.223x10°° 2.145+10~° V24171 1.987 1.567
HaA daelF 3.159x10°° 24935107 | N24425 1.009 2.648
H 2 urEya §A4 du2E08 AN Yo D (f=1.4 GHz, A u,=A=2.381x10 7
Table 2. The Y and D calculated by a itcration method and genetic algorithm( f=1.4 GHz, A ,0r=
2.381<10 ).
[~ [ ) . .
i 0, o,
Real lmaginary D € m(crror)[ Al] 2 m(crmr)[ /0]
L1 3.490x10 * V16.839 3.339 5.435
FAA dxels 3.480x107* V16.828 3.401 5.367
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%%1 29'}‘ 30%&51 H/\%E] ]-}\}_O/] ;(.]/‘\}vliE YL’JC’Dex)’ FZ:f(eszerDgx)% A]ﬂ.é}a—%

SN - Mg 7 Al oacil]
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Table 4. The Y and D calculated by a iteration method and parameter abstract method( /=3 GHz, A, ..,

=1.048 x10 2.
Y , "
- D € m(error)[%)] 2 m4¢|’ﬂ‘”[%]
Real Imaginary
gb 2 9 2.513x107* 2.470x107* N76.213 3.804 50.119
Wy 5 2.187x10”' 2.187x107" M8.547 1.198 1.522

E 5. 228 5018 Ao ot 212N AR (=3 GHz, A yarer=A4=1.048x10 %)
Table 5. The reflection coefficients of reference materials calculated by a abstracted parameters( /=3 GHz,

A arer=1.048 x10 ~2).

Reference A Ak BEAMA 2] g 2 AH %]
(FDTD $#A14H714) (M %) Real Imaginary
T 0.9910-50.1312 0.6793 - 0.3059 31.458 133.158
I ~0.7990 - 0.2343 -0.8767 - 0.3211 9.721 37.031
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