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Three-dimensional Finite Difference Modeling of Time-domain
Electromagnetic Method Using Staggered Grid
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Abstract: Interpretation of time-domain electromagnetic (TEM) data has been made mostly based on one-dimensional (1-
D) inversion scheme in Korea. A proper interpretation of TEM data should employ 3-D TEM forward and inverse modeling
algorithms. This study developed a 3-D TEM modeling algorithm using a finite difference time-domain (FDTD) method with
staggered grid. In numerically solving Maxwell equations, fictitious displacement current is included based on an explicit
FDTD method using a central difference approximation scheme. The developed modeling algorithm simulated a small-coil source
configuration to be verified against analytic solutions for homogeneous half-space models. Further, TEM responses for a 3-
D anomaly are modeled and analyzed. We expect that it will contribute greatly to the precise interpretation of TEM data.

Keywords: Time-domain electromagnetic survey, Staggered grid, Finite-difference method, Small coil, Fictitious displacement
current
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T = FHo] k(Albouy et al., 2001).
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7+d ey AAEANgrounded electrical-source airborne transient
electromagnetic, GREATEM) A]2<®o)| 71%3F A5 (Cho et
al., 2015; 2016)%= Z&sHA| Y=L g},
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TEM §A17E 712813 9l 244 2Adelols 48 51
) vjae] 7198 M2 WAL thest ZArh(Ward and

Hohmann, 1988).

_ b om,
Ve T H O
V x h=ce+]j,, ()
b=uh, (3)

o714 e (Vimye A7, h (A/m)y= A7 1%, 4 (Hm)ye T2+
& (magnetic permeability), o (Sm)= A7HAEE, j& mE
7kzh FAlhe] AFEEe} AREEe|th drkEow Habg

At A FEFE olE BARA TR ZF9 Fhu = 4 x
107 Him)ak sdaittal 7Pt 2, TEM T Rd =S
3 %E o] AFINE 4= u=E 7P e

%

A2 RE

21 (1) ~ 3y AZd ARl 7|1x23t @AIA FDTDH S
= olaksla 79, 4 plA A714e) A7 njie] EAJEA
27| witoll XA o= By site o] th(Birtwistle,
1968; Chew, 1990). © E23517] 918k, A ) 7P
HE() B 18T A71F) A RGL =Y ol 42
o] §gro g 2] HHS g Y = UTH(Oristaglio and
Hohmann, 1984; Wang and Hohmann, 1993).
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324l FDTD TEM 298 438E & & 427 Wang
and Hohmann (1993), Commer and Newman (2004), Li et al.
(2014)= B QoA At 7] fAeS =Y =9
Aol 71ZstedA BdPe skt o] AFME 4
(O @E FAHeE AEl] 1% 2d ARE o83
7k oSl A7) Ae] maje] Fol Holsin] A1
e Ao W FAlol 22 Aelg Fl(Fig. 1; Yee, 1966), T
A WS olgste] olatal W4 e THHUHDu Fort
and Frankel, 1953; Wang and Hohmann, 1993; Haber, 2015).
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Fig. 1. Yee (1966) cell geometry of electric and magnetic field
vectors staggered in a 3-D Cartesian system of coordinates.
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Fig. 2. The TEM transmitter for (a) the small loop-loop survey
respectively.
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PR A TR ey = AT
2] (5)2 o] &) FAUA2E Y] &

H ZrllZol AT 3 7 e AZ uk
A5k 22 o2 FU3 wgolthFig. 3). ZHERE, T3
A =718 WEg-I(step-on WHS), THAH Lol <]
7128 2] sk Hk-g(step-off WS-y WIEkTH whjd ¥ &
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7]x =]

oHEIstet AHA| =

FDTD Al olA =
718421 g Z71o]ti(Taflove and Hagness, 2005).
oAl o]&g T4 FDTD EdFAM ] dl= CFL &4 3}
o iF ekgH o7 753 TH(Oristaglio and Hohmann,
1984; Adhidjaja and Hohmann, 1989). 3z} &A|elA4] CFL
Z7AL olgl9} Zt(Taflove and Hagness, 2005; Wang and
Hohmann, 1993; Endo and Noguchi, 2002).

Courant-Friedrichs-Lewy (CFL)°] 7}
o)

A\ 12

A= a2} A, ©)

A7 ae A= HF, omndt Adun e A7 7P A2 A
ZIREReE A F7jelnt. y7t ofdieh 2 22E ST

AAA FHAYS ol &3tH 3 YA o] th(Wang and

Hohmann, 1993; Endo and Noguchi, 2002).
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and the schematic diagram for (b) the induced electromagnetic force,
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Fig. 3. The U(f) which is implemented as a source waveform for
loop-loop system.
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Fig. 4. A comparison between 3D numerical (circles) and analytic (solid line) solutions for the homogeneous half-space models. The decay
curves of the magnetic fields (a) and the relative errors of the numerical and analytic solutions (b).
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A BdE Ays B oF 107 s B} o] & Aol
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HolM e BZAFE 10052 A v, siele s
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330 mdlol i 8-S HEs] S8 A5uA Py

Air: 104 ohm-m

20m

Anomaly:
1 ohm-m

20m X20m X 10 m

Background: 100 ohm-m

Fig. 5. A 3-D conductive cuboid anomaly model. The conductive
cuboid of 20 m % 20 m x 10 m is buried 20 m below the surface.
The resistivities of the background and anomalous body are 100
and 1 ohm-m, respectively.
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Fig. 6. Transient magnetic responses (upper curves) and normalized
fields (lower curves) of the loop-loop system for the conductive
cuboid anomaly model shown in Fig. 5. The solid and dashed lines
indicate TEM responses for the models with and without the
conductive cuboid body, respectively.
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Fig. 7. Transient magnetic responses (a) and normalized fields (b) as a function of source distance from the conductive body center of the
loop-loop system for the conductive cuboid anomaly model shown in Fig. 5. The transmitter is located at the center of the conductive anomaly

in y direction and six time channels are considered.
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