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Application of dielectric parameter numerical experiment to
GPR test and detection
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Abstract: Relative permittivity calibration is an important part of ground penetrating radar (GPR) test and
detection, which directly affects the test accuracy of GPR. Conventional core-drilling method uses reflection
time and the thickness of core to get wave velocity and approximate permittivity, and often ignores the
influence of the conductivity on the radar wave velocity. In order to reduce the errors caused by the single
core-drilling method, we used the time domain finite difference method to carry out numerical experiments
on the double dielectric parameters of reinforced concrete with different conductivities, investigated the
relationship among the relative permittivity, the conductivity and the radar wave velocity of the reinforced

concrete from the three aspects of the simulation sections, the single scan signal and the snapshots of E.
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component respectively, and obtained the correlation between the double dielectric parameters and the
radar wave velocity calibration with cubic interpolation and biharmonic interpolation. Results show the
correlation between the double dielectric parameters and the radar wave velocity calibration is a section
surface distribution and the conductivity and relative dielectric parameters should to be integrally taken into
account in radar wave velocity calibration.

Keywords: dielectric parameter; numerical experiment; reinforced concrete; ground penetrating radar; test

and detection
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Fig.3 Reinforced concrete medium model Fig.4 Simulation sections of the reinforced

concrete medium model
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Fig.5 Single signal of the twentieth GPR scan
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Fig.6 Snapshots of Ez electric field in different propagation moment
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Fig.7 Single signal of the twentieth GPR scan with different conductivity medium model
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Fig.8 Single signal of the twentieth GPR scan with different relative permittivity medium model
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Table 1 Dual-dielectric parameter relative relationship with GPR Velocity
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Table 2 Goodness of fitting with Cubic and Biharmonic interpolation method
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0.15 [ Biharmonic fitting
Velocity vs.
> Conductivity,
Relative permittivity

0.12
0.10
0.08
0.06
0.04
0.02

Velocity/(m * ns™)

| \\\\\
\ \\\\\\\\\\\\\\\\\\\\\\\\

‘%

\‘\\\\\\\\

Relative permittivity 5 Conductivity/(S * m™)

E10 WABESHEFTEREEEXXZAHNPMELBEUEER
Fig.10 Fitting results of the relative relationship between the dual-dielectric

parameter with Velocity using Biharmonic interpolation method



% 43 Y - I S & L) N o R I W ok ol e B A 39

T

1)K XA B 2 BOKIC(E S 56 1) 465 1% 7 T 4% b 75 3 4 6 A 0w ) D8 3 A% 1, SR T FD 7 i, X S ) B S 3R
AN [ AR GF A R 500 40007 TR O - R SR A7 1 XA R 50RO S 36 I MCBCMEL RS 00530 1 L BB AR 5 i 3
Sy B PR 3 AN T7 D IS TR TR I A T A AR R A E R L S R OR T R B = 2 A SR R

2) R = WA AOSUR FIAE SR 7 5 WA TR S B S R ak B M Z M AH DG E R L 18 8] T X

A\ HL S BT B TR 0 D8 ) A DG 6 R RS TE I 2508 A G I R . T S 1 A I R 1 2
3) XA HL S B B I M I A DG 06 R 22 43 Bl ET A AT L AR LR RN 0.04 S/ m FUAR XA HLE BUN T

15§ T TR A9 » 26 3 D D e P e g ﬁﬁﬁ'ﬁi&d\,%ﬁﬁfi%ﬁﬂi 55 P B T i D T B AR 25 B s 2 A

FL 2 MO 2% TR L 2 SR HHIEEFEEI’J* T8 I A R 22 R AN BE B A0 AR il 1 R A I D L, 7 LA
A L RIONT E 3 R A0 R £ A I 2 SRR AT O AL E

S 3K

C1 0 /gl SR, oog 2 B it i 5 2 PR M o S K [T ). M ek A By E 5 2008, 23 (1) 2 289-294.

FENG Deshan, DAI Qianwei. Application of ground penetrating radar in the survey of the pavement thickness in highway[]].
Progress in Geophysics, 2008, 23(1): 289-294. (in Chinese)

L2 ] Mk, LEF, ROLLL. 5. BT SVM iYL I KR 3 B s A S50k [T, h R A P24 4R, 2013, 26 (2): 42-47.
ZHOU Huilin, JIANG Yuling, XU Lihong, et al. Automatic detection algorithm for expressway subgrade diseases based
on SVM[]]. ChinaJournal of Highway and Transport, 2013, 26(2): 42-47. (in Chinese)

[ 3] Teixeira F L, Weng C C, Straka M, et al. Finite-diference time-domain simulation of ground penetrating radar on
dispersive, inhomogeneous, and conductive soils[J]. IEEE Transactions on Geoscience and Remote Sensing, 1998, 36
(6): 1928-1937.

[ 4 ] Girel L, Oguz U. Three-dimensional FDTD modeling of a ground-penetrating radar[J]. IEEE Transactions on Geoscience
and Remote Sensing, 2000, 38(4): 1513-1521.

L5 ] fafdedg, BB . 47 I M 5T ER 26 8 AR 00 (E 40 LT 1. 8 H 3t 5T 45 B 4K . 2000, 28 (5) : 52-55.

HE Binshou, WEI Xiucheng. The Forward modeling of drift GPR pulled ahead exploration []]. Coal Geology &
Exploration, 2000, 28(5): 52-55. (in Chinese)

[ 6] 2, Bk, ZFNR. . FbE A =40 w5 Prind 80 BR 22 0 BT 5 [T ], Mk Py #2741 , 2010, 53(4) : 974-981.

LI Jing, ZENG Zhaofa, WU Fengshou, et al. Study of three dimension high order FDTD simulation of GPR[J]. Chinese
Journal of Geophys, 2010, 53(4): 974-981. (in Chinese)

L7]IRE =, EWJ]. SRR RIT O BT ] ek P B2 4 . 1999, 42(6) - 818-825.

DI Qingyun, WANG Miaoyue. 2D finite element modeling for radar wave[]J]. Chinese Journal of Geophysics, 1999,
42(6): 818-825. (in Chinese)

(8] mfily, JRTH. M s 3 22 4 Btk (MRTD) = 25 B IL) ], ok 3 2258k B2 L 2008, 23(5) :1621-1625.

FENG Deshan, DAI Qianwei. Application of the multi-resolution time domain method in three dimensional forward
simulation of ground penetrating radar[J]. Progress in Geophysics, 2008, 23(5): 1621-1625. (in Chinese)

L 91 masEl, st & ik W2 g ke R 8 = 4 WA b a Rz LT, vhops R 2 2 4R (B AR B2 D), 2007,

38(5): 975-980.
FENG Deshan, DAI Qianwei, WENG Jinbo. Application of multi-resolution time domain method in three dimensions
forward simulation of ground penetrating radar[J]. Journal of Central South University (Science and Technology), 2007,
38(5): 975-980. (in Chinese)

[10] XUHrae, &7 k. RMAT, . B84 0025 A R b 3 38 = BRI E P oe [T ). 5 A %5 TR%M, 2010, 291D



40

T RRKFFR % 39 %

[11]

[12]

[13]

[14]

[16]

[17]

(18]

(19]

2221-2229.

LIU Xinrong, SHU Zhile, ZHU Chenghong, et al. Study on forward simulation for ground penetrating radar three-
dimensional detection of tunnel lining cavity[ J]. Chinese Journal of Rock Mechanics and Engineering, 2010, 29 (11):
2221-2229. (in Chinese)

E5d, FIE, ELAR. M BTE AR A B O BB L], sk B SR, 2008,23(1) :280-283.

WANG Liang. LI Zhengwen. WANG Xuben. A study of Gedogical Radar to cavern detection and physical analogue[ J . Progress
in Geophysics, 2008, 23(1): 280-283. (in Chinese)

KA, For . WERGMTE RRWB ALK L ], A0 %5 TREAR 2011, 30(S1) - 2826-2833.

SONG Hua, WANG Lizhong. Study of GPR model experiment for detecting coastal embankment[J]. Chinese Journal of
Rock Mechanics and Engineering, 2011, 30(S1): 2826-2833. (in Chinese)

Giannopoulos A. Modelling ground penetrating radar by GprMax[J]. Construction and Building Materials, 2005, 19(10) :
755-762.

TR . T, TN T A S TR 1 R T R I B AR AL b A B G R R, 2015,25(7) : 1943-1952.
ZHANG Bin, DAI Qianwei, YIN Xiaobo. GPR simulation based on rotated staggered grid[J]. The Chinese Journal of
Nonferrous Metals, 2015, 25(7): 1943-1952. (in Chinese)

HA, thardE, £ IS, % B SR B M L B Y s 85 T R AR B R 43 A [T ). b sk B2 4z, 2011, 54(10):
2639-2651.

TIAN Gang, LIN Jinxing, WANG Bangbin, et al. Simulation and analysis reflections interference from above surface
objects of ground penetrating radar[ J]. Chinese Journal of Geophysics, 2011, 54(10);: 2639-2651.(in Chinese)

Yee K S. Numerical solution of initial boundary value problems involving Maxwell's equations in isotropic media[ J]. IEEE
Transactions on Antennas and Propagation, 1966, 14(3);: 302-307.

Atef E, Veysel D. The finite-difference time-domain method for electromagnetic with MATLAB simulations [ M ].
Hertfordshire: SciTech Publishing, 2009.

Bérenger ] P. Numerical reflection of evanescent waves by PMLs; origin and interpretation in the FDTD case. Expected
consequences to other finite methods[ J]. International Journal of Numerical Modelling Electronic Networks Devices and
Fields, 2000, 13(2/3): 103-114.

Park H, Lee J, Lee K. A split formulation of the nearly perfectly matched layer for an acoustic wave equation using the
discontinuous Galerkin method[ C]// 2014 SEG Annual Meeting, 26-31 October, 2014, Denver, Colorado, USA. 2014
3344-3348.

(%3 R



