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Abstract : When wet soil overlies dry soil, which can be found in the infiltration
test, the radar wave is not attenuated and guided within wet soil layer. This
phenomenon is known to be the dispersive guided wave and happens when the
thickness of upper wet layer is less than or comparable to the wavelength of
radar wave. In this study, we have conducted the FDTD modeling and obtained
the wvelocity dispersion curve to identify the dispersive guided wave through
F—K analysis. This guided wave can be explained by modal propagation theory
and a simple inversion code was developed to obtain the two layer's dielectric
constants as well as layer thickness. By inverting the dispersion curve from
synthetic modeling data, we could obtain the accurate dielectric constants and
layer thickness. Moreover, we could enhance the accuracy by including the
higher mode data. We expect this method will be very useful to get the
quantitative property of subsurface when the condition is similar.

Keywords : GPR, dispersive wave guide, f—k analysis, modal propagation
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1. N8
#H GPR §APHE B3t (Vadose zone) ol 48] &S] stel 4 BuUE ] 9l
oA Fast W SR O]”ﬂ A OU% ol BXIHE olFE EYU~10), =
(80). 18T 7 (1) 59 $AL 2o|s} melate] #ojgue A :
A gFEA H7] wEolth(Topp et al,, 1980). GPR ®Abel] 293 Bk R =
Ao = HHAFH ¥ CMP (common m1dpomt) T+ WARR(wide angle reflection and
refraction) ] o] ol&¥™, Fx9 Hfoles FE HFoA AF A5 I (Direct
Ground Wave)E ©o]&3&to] #Holuate] £L-5 Fetal o|E Toppe W2 (Topp et
, 1980) &= O]%O}Oﬂ ES] FEgFor HelstA fn ol9 22 WA Y &

]7H T st AFTo] wg gk AS HAH= AYHA FES 6] ofHa
O Ay ARV FEEEE 55t dJyeS Avte dolth(Galagedara et al.,

2005, Huisman et al.,, 2001). £3], g2 HHF EQ

o Ageli= vg 59 @il wAsH: o

FRFFe] sl stol =

ﬁ%

O
ofj
& ﬁ

15 #oltate] 4k 7hol= 3
(Arcone et al., 2003)o|g}x B =20, B AFox= X]ﬂ—’? Zo] FHa-AZESY
TAR H EYxAsA e F EYFTY AVE EAAE S WS ket

14 sl

2. S2-4X EX0 et +=X22E

Aste] Aol digk Aol oA B ARZFHE IFANS t¥stes A AR
F-Aste AA A dAA w9 FodE FAS stoltt o] AFeA = o9} 2
AE st A9 S fFekxk (FDTD ; Finite Difference Time Domain) E 2
= T3t tH(Giannopolous, 2002). Fig. 1& A4 Ast4x RYPow 25 SAT=E
g 7Hgatdth o] B¥olA 37159 FAE 18 m & sto] A9 AA vkt glEE )
Ao, NeeE 22 m X 7 m Z Sk 3, FA HHUE 10 mol 94X st 5
Al o U= 10.5 molA] 2248 m 7FA 2 cm HA SR o]FAI O EHN WARRAZE
5t FAREHAA EAVE He SRS Hagtstaa Az A71E

0.005m® &}l 11.328 psec? AlFF A S o] &-sle] REAYHS F3hsr). 2 ndd
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O
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Fig. 1. Sketch of two—layered earth model for the numerical analysis in this
study.
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Fig. 2 Synthetic WARR data for the wet over dry sand model with the change
of depth of interface and their f—k spectra. Depths to the interface are
(@ 0 cm, (b) 5 cm, (¢c) 10 cm, (d) 15 cm, (e) 20 cm, (f) 25 cm, (g)
35 cm, and (h) 45 cm, respectively.

3. =44 Jtolentel
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al., 2003). Fig. 1% & 2% SAM 72 45 475 fd&e] s v & 4
Foll B, ol F& Ed] AxTE €A e Aol dgdth R dsjo]Eo
getd Fo FAL FAE winlel] wet A ool SAR Aol Rt
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Fig. 3 Maximum amplitude trends from f—kspectra ((a) and (c)) and velocity
dispersion curves for the wet over dry layer with wet layer thickness of
5 cm (b) and 10 cm (d), respectively.
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Table 1 Inversion results from 4 kinds of experiments.

Inversion
Model Experiment & & Alcm)

1** mode only 15.78294 5.106634 4.519706

A=5cm = I
1% +2™ mode 15.35429 4.676033 5.042217
1°" mode only 15.44406 4.893042 9.384015
A =10 cm " —
1% +2" mode 15.37233 4.665123 9.879493
4, 2 B
o] AFA = Exsido e Axgo AFANS AFH o= oldstr] fstel FDTD
RS st ol gt F-K 4 AAlstdlon, o]gl o] HFHE] X
EYS 91 e AS 5EFF R doluuts £RrF Fukgre &k #o|thuke] &
A3 Trol= dafo]l MAEkS ERlEkSIt). o] gF 2 A TholkE | BT Ao
Eo7 dAYyEr, olF o]&std] 25 FATEAA T &Y T FAE HEs)
A A 7 e dagsS ST &% olgt B2 S5 FARS o] &3k 74
=4 54 1 A718 5ol fAEE oy @A el o] §ste] gdst AuE AeE Ao
2 7| ek

FI=28
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