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Numerical simulation of 3D ground penetrating radar based on
GprMax for the road cavity
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Abstract; Ground Penetrating Radar ( GPR) method, which has the advantages of high efficiency, high
resolution and non-destructive detection, is widely used in urban road disease detection. 3D ground penetrating
radar is a new technology developed in recent years. It adopts 3D array antenna for 3D data acquisition, which
has higher spatial resolution and measurement accuracy for road diseases. In this paper, GprMax 3D
softwarebased on the principle of 3D time domain finite difference methodis used to realize forward simulation
of 3D GPR, which is aimed to detectthe typical road deseases including the inflated and water-filled road
cavity. The 3D GPR data of two filling type voids is obtainedand the image features of different directions of
the 3D data are analyzed. Combined with engineering example, the reliability of the forward simulation results
is verified. This study has important guiding significance for the interpretation of 3D GPR and the improvement
of the reliability of detection results.
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Fig.1 Yee grid of FDTD algorithm

TE I A R 22 0 125 v, fdE ] FDTD 55325 02 A FR
2 AR T Maxwell TR, TR LK Ax,
Ay Az SIFEL K Ar Z 8 A A B ST 1, BT 2
(1) o Bl i — i W K R T, A RE B 25 R AR
SE , DRIE B U A A PR 22 93 J7 R 2 Wi sk, HLRR e P 2R 1
= (6) :



134 - A, 45 HE T GprMax 193 B %S

R = 24 7 b 7 3K 1 I R A A

2020 4F

At < ! (6)

/1 1 1
¢ > T >t
Ax Ay Az

[A] i, 78 B 1A BR 25 40 1 v, % Maxwell J5 F24H B
AL B S RIS AL 2 5 00 i U8 R AR O &2, F Dk
PR R 2 B A DA O RO R R AR R 2
R, B 00 K 5 B0 2 BB an =X (7) mh A AR o A

Ax:Ay:Azsl)‘—O (7)

2o \——TC I A TP LR DK
2 GprMax 3D IFEiE#E

2.1 GE DL R

GprMax 3D Jz — 3CH: T i Bl A7 BR 22 40 v 19 #8 . 7R
K =Yk T AR A AT LA T A& ) [ R 2 A A i
FL i 0 1) A% R LA DL R v G S ) b R 8 R B Y
SRR g R DU R A i A SRR )
(BRI SR = . in W SCHF) | i AR 7 SO B A2 gk 4T
Pre o THEALBEAT BUE TS Sy 1 56 T B AR IR Y = 4k
PR FR IK IE AU A5 5R (J5 880 * . out Fl = . geo ] —
HEISCHE) 31 A = 4 B A0 A I AL IR AR . A
PR RN 2 s o

B B4 R A
SHBE

|

LI R R i
SHBE

-

FDTDIEH KA
SRR

;

47’5 GprMax 3D IF{#
BT

'

EWRAT
B =R -

'

ZRBER ]

:

AT AR R
RER& LFrEIL

'

BN

2 GprMax 3D IEEEKEE
Fig.2 Flow chart of GprMax 3D forward simulation
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each layer
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Fig. 4 Cavity location and line direction diagram
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Fig. 5 Inflatable cavity (top) and water filled cavity ( bottom) slice image along the measuring line
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Fig. 6 Inflatable cavity (top) and water filled cavity (bottom) slice image perpendicular to the measuring line
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Fig. 7 Horizontal slice image of Inflatable cavity (left) and water filled cavity (right)
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Fig. 8 Cavity image obtained byground detection radar
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