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Abstract: Development of a modeling technique for accurately interpreting electromagnetic (EM) data is increasingly
required. We introduce finite difference (FD) and finite-element (FE) methods for three-dimensional (3D) frequency-
domain EM modeling. In the controlled-source EM methods, formulating the governing equations into a secondary electric
field enables us to avoid a singularity problem at the source point. The secondary electric field is discretized using the
FD or FE methods for the model region. We represent iterative and direct methods to solve the system of equations
resulting from the FD or FE schemes. By applying the static divergence correction in the iterative method, the rate of
convergence is dramatically improved, and it is particularly useful to compute a model including surface topography in
the FD method. Finally, as an example of an airborne EM survey, we present 3D modeling using the FD method.
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£ 48 F Uk A7 g v ArIHEReH, |
A B AN Bl A7) gelct A 13
24722 /MW B ddos 18 4 o 234
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AR ol el e (A @A 1Ak 9F
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ol A 22k AWl A 3 MTE] 7)) 2 (5)4
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FE Ampere®] H=<1 (1)”94 frexRES Sl oA -
Faame] A (1)HS B A7l 343l 3%
+4=(shape function)l §]%j(curl}e— &l ALteA Ht

A7 EE7E AR o i) WRAA A= 71789
77 (tangential, 3 Y9 &3 AFEE=S] HAM (normal, 2] )3
T2 AEolojof gith = wid 13 wjd 298] AV EEE
o1, oo, D717 FAREE Eyy Ere= VERAH wi ] A
oA AFEEe] A&z o]

0 E, = oab, (6)

2 o] ZANA Bl
o] 93 AARACDE

NAE-S A4 &= Dirichlet 27L&
Gget A2 AEE AR Ae Aued
9 ol R A9HY A
(normal) 77| }_Zﬂ% A 43X Bl 3725 Ao £

FAAF Bk,

AA717EE olikstalr] Sl fexiH
% Fig. 13} 7] 27133 #713e] 2+ A Al(cel)d] &
Agle} Hell &33t= A S staggered A AL SHTH(Yee,
1966). & 2ol AVAE EAE I YARE ol (5)30]
7128 AAslolle HPA 2= AAGL )20l o ALt
Alellek I g st} Staggered AAPE A7 AES EAE
TGl Aolsh= type 13 Hel F4loll olsk= type 17} 2
TH(Sasaki, 1999; Kim et al., 2004).
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Fig. 1. Two types of staggered grids. In type I (left), electric fields
are defined along cell edges while magnetic fields on the centers
of cell faces, whereas in type Il (right), magnetic fields are specified
along cell edges while electric fields on the centers of cell faces
(After Han et al., 2009).
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Fig. 2. Eight-node (left) and 12-edge (right) elements.
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3 0= 1, H 5~ 7,2 ~4, 6 ~8lAe 00] HE y9t 29
12Feke o},

(10242 (54 2kt ah ol sl el

2ol gtk (5)2lol Galerkin®] WHS 28381 7|79 o]
At E| - Ens FIATR S 12 x 129] a4yl i
o] 2t} g A AgHA A AFdEL 34 oA
ey T HFAEES A 33HE Ao 13702
o] of 2.5ufel] &3itt webs Fkaimgolr JQ7 she 7]
& ALk xRl vls) R Az

freta o] 71818He frade Al 24t ol 4w
A\ (tetrahedral)} 64 (hexahedral) 842 A-&g wj o3}
Ho}. Fig. 32 6WA| 849 A (global) B =-5-(local)Z}FEA|
= Uehd Aot} M-t AN E Fig. a9}t o] 84:9]
BAEol] A7 Aol Al edA 8.4 el A7) E°
BAEe] A7 B - B0l A ARoR oo} o]
eRd 4 qlrt

e

E=Y" Eo. (12)
o71M @] = HeA 714 Fr(basis function)3Hrolt}.

AAZEA(x, p, 20l HEshe FF2AFA(E 7, HolM=
Fig. 3b%} 7o) ©he] Zolo] A a4z vepith. o] 23
e o) o] YERE Utk (Nam er al., 2007a).

x=3 #EnN,

y=3 AEn,

2=3 En). (13)

(a) Global

(b) Reference

Fig. 3. Edge elements in (a) the global coordinate system and (b)
the reference coordinate system (After Nam et al. (2007)).

A7 g = ofeet 2 Al A e Azt WA (inter-
polation function)®]t}.

g (&) =A+5HU+mm 1+ (14)

A7V (&, 1, S Al jHEA AR S F3golt). 18] HMe
4 7|AE = ol 9t ZY(Nam ef al., 2007a).

0;(7.0) =IVE1+nm+5K)8, i =1 - 4,
P& = IVn(1+5H(1+EC)8, i=5 =8,
P& =LVA+EH(U+mm)/8, i=9 - 12. (15)

Son et al. (2002)2} Nam et al. (2007a)2 W43+ Aol
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T3tk 283 Nam ef al (2011 B2A40) 27148 3
gatA Arkshs WHS B

A71M xe A7 (e s
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o2& AWk o7 Conjugate Gradient(CG)H AlEe] Wt
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Falege] Ay

A ko A83kx] Zsirt o] H]3] BCG (Bi-Conjugate
Gradient)2 non-Hermitian 82 24 t}& 4 o, &
3] o EAEE F9ole T4 CGHAlA FH (conju-
gate) X (transpose) h& Thr FX| (2 vpRr gaEEd 72
OFAITHSmith, 1996). 71 A3} 7| HA oz A4e] AYHA
2ol el ARE= AWl CGREe] ZEIHS v B4
T8O= v A AR 4 QUth o7 ofu] H7IRIA
He] gl st Algol Al 'n‘g‘ﬁl'

ICBCGHIIME BCGH FHS % 10}71 S13ix Al o
3l B¢ Cholesky 3l (decomposition)2] 1] 2] (pre-condi-
tioner)E AASHC} 22y A= positive-definite©] o 7] o
ol B3] B¢ Cholesky all& 1= #-85HA] &

o} 2ElM A A71F9] 34 g5t
MXX NXy NXZ
A =IN, M, N,.| (17)
Nzx Nzy Mzz

2 YUepiE o izt 25 M, M, M., ©]9|9] AE&S BF
AR 022 HO™ positive-definite 3 Eo] Fo] B¢7
Cholesky #3815 A1 4= JtHMackie er al., 1994). o] A
Aol ¢J3] BCGH O FHAdS tE e o] fol=
QMR (quasi-minimum residual)f©] Jacobi scaling@} 72 7
2|2} e o] &-F th(Newman and Alumbaugh, 1995).
kS o] R4S A2 279 (condition number)oll £]&
stal 257 29 S5 FE =eXnh Az 33k
A AN FaaTE e AF7F AR L o] g
T Wejd Adfe] Q= AL é %ﬁ 2 Itk Smith, 1996).
ol BN o » 04 W AVHAEE EXE Uepie 3
o] glolA] o] A& &4 He Zoz2 gGA olsd
Atk AF(DC)S] A= Aste] HEUH(FF] A&x7)

V.GE=0, (18)

< BAE HaUt AT w7t FuEiE 00] o™ o]&4
(3)2] el ke FHsHH (18)2]0] AFsH o g TEH S &
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Fig. 4. The 2-D model used to simulate airborne EM responses
(Redrawn from Newman and Alumbaugh, 1995). The transmitter-
receiver separation is 10 m, and the flight height is 20 m.
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