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(School of Info- physics and Geomatics Engineering, Changsha, 410083)

Abstract Based on the excellent achievements by many geophysical researchers at present, this paper has analyzed
performances of the most used forward and inverson methodsin electromagnetic quantitatively , and then, has pointed
the merits and faults of this algorithms. S, with the quantitative analys's and testing, the development trend of a
bove forward and inverson in geophysical electromagnetic filed is pointed and a 0 the core of computational geophys
icsislisted. At theend, we have clearly listed the development trend of the numerical smulation in computationa ge-

ophysics.
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: (1) :
1.1 (.7
( Finite - deference method, FDM)
1 ,
Table 1 The meaning of symbols 20 60 (Yee 1966'" ; Jones
v L aplace and Pascoe, 19721 ; Dey and Morrison, 1979 ;
c Madden and Mackie,1989"") , 90 :
" ,
o (Smith and Booker ,
© 1991 ; Mackie et al , 1993,1994***! : Wang and
jen Hohmann, 1993 : Weaver , 1994 ; Newman
5 =5 ot and Alumbaugh, 1995, 1997'**! ; Smith, 1996a,
o b b1 - Varentsov, 1999*°; Champagne etal ,
c 1999'*"! : Xiong et al. ,2000'** : Fomenko and Mogi ,
y 2002*°) ;Newman and Alumbaugh ,2002!*") .
5 ()
Ho :
. M = Nx X Ny X Nz,
v N ,
A ,
5 :
X Ap X = B,
5 Amp 3MXxX3M , X
0 3M t , B
o 3M
m
5 , ,
\ : :
Jnem !
Hnxm
i,nk '
’ , (FD)
M= N (Weidelt , 1099 ;
X Weiss and Newman 2002 ,2003!%%1) -
W,V
, (Wang and Hohmann,
1993 | Wang and Tripp ,1996"*! | Haber et a ,
2002"*! : Commer and Newman ,2004"") .
Maxwell 1.2 [4.8.9]

, [2]: (Finite element method, FEM)
Vx H=0E+ ™ ,
VX E=iH. (1) FEM
1 E. FDM ,FEM
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, Green
FDM ,FEM , ) )
AFEX = B.
FDM ,FEM
1 (
) L
,FEM FDM

, ( Reddy , 1977%"
Coggen, 1976 : Pridmore, 1981 Pasulsen,
1988"*" Boyce , 1992!*” Livelybrooks, 1993"" L ager
and Mur , 1998 Sugeng, 1999'*! unorbi , 1999
Ratz ,1999'*! Ellis ,1999"*! Haber ,1999'*"! Zyser man
and Santos,2000'** Badea, 2001'*’ Mitsubhata and
Uchida, 2004 . , FEM
FDM , ,

,FEM
FEM ; ,

' . FEM

(1) ,
[24 30] :
(2) ,
()

[44,49 ,50]

(3 FD

[43 ,50]

1.3 [411,12]

) (Integral equation method, |E)
Maxwell (Raiche,

19741121

Fredholm

E(r) = B (r) + VSG(r,r’)(G-Oo) E(r)dr ,

(2)
(2) ,
(Scattering Equation, SE). (2) , B (1)
,G 3x3 Green 1D
Vv 0 -00) 0
(2) , ,AeX = B
JIEM
FDM FEM , ;
) AlE [}
1A|E [
, 3D ,
(Ting and Hohmann, 1981 ; Wannamaker ,

1984"*% : Newman and HOhmann ,1988"** ; Hohm-
ann ,1988"*" ; Wannamaker ,1991®' ; Dmitriev and
Newmeyanova, 1992 ; Xiong, 1992 ; Xiong
and Tripp ,1995™ : Kauf man and Eaton ,2001™"") .
JE
, JE

1.4 Lancsoz (4

Lancsz
dtion Method, S.DM)
( Druskin
Druskin ,1999'*") .
, 9.DM
FDM FEM IDM
.9.DM ,
. , DL M
(Wang and Fang,2001%") |

(Spectra Lancsoz Decompo-

and Knizhernam, 1994 :
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Davydycheva(2003) '**! , 34 LIN  Jacobi
DLM ,

, 3 IE LIN  Jacobi ,
, 3D
( Avdeev ,200203) | Jacobi
P350M Hz,L IN IBM RS- 6000 590
! ! Table 3 The performance testing of L INand Jacobi on |E
809%™ ) FEM FDM method, testing modds is 3D induction logging moded g cited
ID SOLM (Condi- from Avdeev, 2002'* ) Jacobi is tested on PC P2 350M Hz,
tion Number , CN) (10° - 10" , Tamarch- LINistested on IBM RS6000 590 wor kstation
enko ,1999'*) | CN :
CN, Jac0bi 1 1.00E- 03
(preconditioners) 2.00E- 11
1 1.10E- 01
IEM , MIDE (modified iterative LIN 100 9 40E- 05
di ssipative method) (9ng- 1000 1.30E- 10
er, 1995 : Pankratov, 1995, 199711 *1 - gnger
and Fainberg, 1995,1997'*® - Avdeev and Zha ,
nov , 2002 | FDM (Newman and ,
Alumbaugh ,2002!*") \ MIDE ID ,
, 2 IE FD
2
2 ! 1
( Avdeev(2002) 1*%) (1)

1E PC P2 350M Hz , FD
IBM RS- 6000 590
Table 2 The performance testing of different
preconditioners, testing on 3D induction loggingmodel
( cited from Avdeev(2002) [39)
tegting platform is PC P2 350M Hz for 1E and
IBM RS- 6000 590 for FD

NyXNyXN;,=M (kHz) A(s)
31 x31x32=30752 101600 MIDM 7 2950

‘e 5000
563328 10 LIN 17 2121
FD 435334 160 Jacobi 6000 5686
435334 5000  Jacohi 1200 1101

FDM FEM S.DM ,
Jacobi , SSOR LU (
yM =25 x22 x21 =11550, Nvicgstab = 396 ; Tcru =
18min  P31- Ghz PC ,Mitsuhata and Uchida,
2004) . , (Low induction num-
ber, IN, Newman and Alumbaugh ,2002*")

( Zhdanov, 2000 ; TorresVerdin and Ha
bashy ,2002™! : Zhang ,2003'™) .
(2 ,

(3)

(4) ,
, (Stabilizing Penalty Func-
tion, SPF, Tikhonov and Arenin,1977") ;
SPF ,
(Partniaguine and Zhdanov ,1999"" : Sasaki ,
20041 ; Heber , 2005/ . : SPF
(Farquharson and Olden-
burg,1998""") .
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LIM 3D ,
2.1 (the preconditioned conjugate
(linear iterator method, L IM) gradient, PCG or GN) LIM
( Eaton, PCGL IM , Jnxm,
19891y 10 : (3v3w) ,
(Unconstrained nonlinear optimi- 2 . PCGL IM
zation, Nocedal and Wright , 1999!"") Nav X (2 X Neg). PCGLIM
LIM , LIM )
LM .LIM EM (Machie and Madden ,1993'® | in
®(mA) =@a(m +AR(M)  ——min, (3)  3D-MT; Newman and Alumbaugh,1997* , in 3D
, (3) , - MT; Ellis, 2002 | In Croswell EM; Newman
(nonlinear Newton-type itera=  and Hoversten ,2002 "™'in MTon PC).  Ng X (2
tions, NNI; , Newton Iterations, NI Gauss X Nce) Nay : Nce :
Newton Iterations, CN T quas-Newton lterations, PCGL IM :
QNI) _ (3) , (Inexact GaussNewtan, LGN, Kelly,
, LIM 1999'*"" ; Haber , 2002 in 3D CSM T on PC)
: LIM
Step 1: Joxm (J = OF PCGLIM L GN-L IM ,
om) ; Hoxm (H nxm = 7@/ Om? =37J) ; (nonlinear conjugate gradient
Step 2: BWm=- g, method, NLCG, Newman and Alumbaugh,
5m; 2000 : Rodi and Machie, 2001 ; Machie,
Step 3: m™* = m? +Bm,0<p < 2001"" : Fletcher and Reeves,1964!%)
Lo | " LIM _NLCGL IM g
e (e " © , @ < 1 = @/ om , Jnxm (2001) g = a/om
St:a 2, LIM | | \i)xm, NLCGLIM
. Newton-L IM K2 (K=min{n,
Jnxm K=min{n, m} (,
2002) |, 3D , LIM m}) . NLCG LIM ,

(Smith and Booker , 1991 ;
Torresverdin and Habashy ,1994'®" : Farquharson
and Oldenbugr ,1996'*” ; among others). 4

4 LIM
EGU,CGU ) ( 2006 9 ).
Table 4 The number of papers which consigts of L IMmethod
published by main organization ( SEG,AGU,EGU,CGU) ,
time islimited 2006 - 9 before.

( 2006 9 ) 586 16 102 53

(SEG,AGU,

(Tarantla, 19871 |
in 3D EM ; Zhdanow ,2002'° | in EM)

PC \ (Newman
and Alumbaugh, 2002 ; Newman and Boggs,
2004 ; Machie, 2001®V). 5 NL GG
PCG .

LIM (all-at-
once method, AAO).AAO
) , LIM

(Haber , 2000, Haber , 2004,
Zhdanov and Tolstaya,2004"'). 6 AAO
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5 NCG PCG(GN
Table5 The contragt of performance of NL GGand PCU
( )
(UsA) N = 25600, M = 132553, N ASCIl Red supercomputer of 3D rado MT 120 h
s
(Newman!1) (nlcg) =68; 252 procesors dataset
(USA) ASCIl Red Supercomputer of 3D  Transent
2005 N =17820; N(nlgc) =87; 18 ds
(Newman , Comber[97]) 336 processors EM dataset
) N =2000, M =32604,N (nl-
Mackie [ 9] 2001 PC P2 400M Hz 3D MT dataset 10 hs
gc) =20
(USA) (Zhdanow , N = 25600, M = 33600, N (nl- 3D experimen-
2003 Unknown 14ms
Gol uben(98]) cg) =30 tal M T dataset
, _ N = 1440, M = 16464, N (gn) _
( ) Sripunvarapoin(®] 2004 5 Dec 666M Hzwith 1G RAM 3D MT dataset 84 hs
Varent sov[100] 2002 N=1176,M=14,N(gn) =15 P Il PC with 450M Hz 3D M T dataset 30 ms
Sasaki [101] 2001 N=210,M=175,N(gn) =3 Pl PC 3D EM dataset 25 hs
6 AAO
Table 6 The performance of AAO algorithm
( )
Haber 881 [102] 2000 N =3080, M = 96000 unknown CSAMT unknown
Time-domain 3D EM
2004 N =4320 ,M =51200 unknown unknown
dataset
2.2 Step 3: . Nwm )
(Genetic algorithm, GA) Detast ( ).
Hollang!® 15! (1975) , {f(K},0<k< Nm.
“ » Ps ,Ps= f(K/ Yf(k,0<k
GA ( (k7 X f(K
[105] (2002) < Nm) . Ps, Moptimisation = { Mkl f (M) <
PS Mo ={ Mi| f (M) | < P§ ;
! ( Step 4: Moptimisation
) xi 01 , (
GA . )
n+1 M(Xo, X, |, 7 Moptimisation Xi
Xn) Nw, Ddataset . 01 ) ;
Step 1: M(Xo, X1, ,Xn) Sep5:  Sep4 . N
x,0gi<n, Xi 01 . : : N ;
Xi Vs)aE:VmaX' Vm’n, AV = SQJG : NM ’
Vool MM X; | f(w) - f(v)] <tollent=1.0e-
Xi Av xi ={ bool;} 8,0<w,v< Nam. '
AV 1, 0, ? Step 3.
X m, X Stepl 6 ,GA
' V pace ; N !
Step 2: Moptimisation - J (O < ] ) ! ! GA
Xi {xij}, {x},0<i<n k
{Mu} ={x},0<i<n0<k<j; GA (
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) ) L 7 1 GA
GA ,GA , , 8 GA
,GA GA , Xi
7 ( 0- le+6), Av
, X m , GA
7 GA (SEG,AGU, . (hy-
EGU,CGU ) (2006 9 ) brid-encoding ,HE; C. Chen & J. Xia, 2006"*®")
Table 7 The number of papers which consists of GA GA HEGA -
method published by main organization ( SEG,AGU, .
P v main o ( Xi (Multi-Scale
EGU,CGU) ,time islimited 2006-9 before (100]
GA, MSGA; . , 2000°™) ; GA
, GA (Parallel
GA, PGA, C. Schwarzb ,2005'")
GA
123 15 46
( 2006 9 ) 9 HEGA MS
GA PGA
8 GA
Table 8 The analysis of performance of GA algorithm applied in eectromagnetic
( )
N=9x9,Nm=266,1 =126, PIl 400MHz on  Trave-time tomo- .
M. L. Smith!05] 1992 5GA iterators
Ps= Pt (unknown) PC graphy
o N =1kmx1lkmx6km. | =7, . 2GA iteration with 30 40
G. Ramillien(206] 2001 unknown Gravity and EM ) ) ]
Nm=500,Pc=0.6,Pm=0.4 generation per iteration
F. Boschetti, M. M =10km x 22km,N =17, SUN SPARC 2D gravity and EM .
) ) 1997 . . 15 minutes
Dentith,R. List[107] Pc=0.8,Pm=0.01 station 20 potential
F. Boschetti, M. M =2kmx 2km X 0. 15km,N=9x9 SUN SPARC 3D gravity and EM .
1997 . . 50 minutes
Dentith ,R. List[108] x3=51, Pc=0.8,Pm=0.01 station 20 potential
9
Table 9 The performance of different derived GA algorithms
( )
86 generations with RM'S
HEGA, C. Chen & Scalar 2D .
006 M =300mx100m,Pm=0.3 PC Il 1.0GHz 0. 15 1000 generations
J. Xial'®l Ga EM. _
with RMS 0. 15
. SGI Altix™ 3000 WITH
M =40m x 6. 2m with 114 measure-
) ) 490 690RAM 32 Intd
C. <hwarzback et ment using 8 dipole on 21 eectrodes 3D scalar 1580 1740 hours
2005 @ ItanumTM-2 processor
a 119l pGA array ,Nm= 8192, N = 8198 x 2048 EM 66 100 hours
3GHz, 128@BRAM
=224,1=960.
with 24 procesors
X.M. XIU &J.Y. M =105m x 105m, Nm=30 2D MT . .
2000 unknown 65 iterations
ang(1®! MSGA Pc=0.9, Pm=0.6, dataset
2.3 (1% (Neural Network , NN)
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[111 116] NN (
)., NN
, MLP NN( NN ) 1
’ 10 NN (SEG,AGU,
EGU,CGU ) ( 2006 9 ).

NN 1943 Table 10 The number of papers which consists of NN method
(McCulloch & Pitts**) , published by main organization ( SEG,AGU,EGU,CGU) ,
NN time islimited 2006 - 9 before.
, 10
NN ,NN ( 2006 9 ) 92 22 35 20
()

%~~——O‘O <> oyte1) >

1 ozt | ot
il ~ ~ Ti=2wao 0%\ op(re1)
()

TiD > 0. gt 1)=1

T < 0. ot 1)=0

S S PN

) Kohonen Layer @ output Braucm z
Winning P @
neighborhood | Mcmm
= \/ . : .Elmn'lm ‘A
. f;—\- i 1 N7 igz‘ kgating network
ﬂ : input pattern x
N
Module 2] [Module k|
npad Fite input pattern x mpulInemx mpul’Lucm.\
1 a MLP NN (multilayer perception architecture) with back-propagation learning rule; b) Kohomen
with SOM ( self organizing map )learning rule; c) Recurrent named Hopfield NN ; d) MNN (modular neural
network)
NN s ) Xp = [Xp,
MLP NN, , , MLP  X®, Xm]', Dp=[du,de, ,dm]',p=12, ,P.
NN , .MLPNN Xo  MLPNN : Do, | Dp- Dol >€,
£ <1, ML P-NN ,
| Dy - Dy| <€
Step 2: Sep 1, )
Step 1: P

’

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net
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N N 1 L L L
NN , , . 11
NN NN
11 NN
Table 11 The performance of NNalgorithm in electromagnetic inversion problems
( )
C. Manoj &N. Nagar . . PC PI1 500M Hz . .
2003 3000 time-series segment , 3D time M T dataset 60 mins
rgjan(12] With MLP-NN
N =10m x 150m PC
M. M. Poultonl[113] 1992  With aobject 2.5e- 3m?. 2D M T dataset 2000mins
With 13 Frequencies With Kohomen SOM
COPROD1 data set 7 1
Y. Zhang&K. V. (Jones & Hutton ,1979) PC 1D M T dataset . ]
1997 . . iterations
Paul son[114] COPROD2 (Jones& Hutton, Regularized Hopfield 2D M T dataset
unknown
1979)
L. Zhang&M. M. 20 min
1D deep 70 layered earth PC o
Poulton & T. 2002 1D Scalar EM dataset (training) +3 s
with 23 levels MNN ) .
Wang!15] (inverson)
U. K. Sngh, R. K. M =15km x 1km,
. . . PC 70 900 sec
Tiwari , S. B. 2005 Puga valley at Kashmir Sate 1D scalar EM dataset
ANN /MLP onds
Snghl*1] (U. K. Sngh ,2005)
24 Ga,b,c Xa,b,c 1NP
(SA ,Smulated Annealing) NT NS
(Monte carlo!*®) : Step2: cauchy (Sen
and Stoffa,1995) ,
j+1 i : max min
, Kirk- m; =m tYyi ( P:TI Pi )
. . i i
patrick™"  (1983) Metropolis (Me- yi( ) -
13-
tropolis,SA) , : yi = sgn(u - 0.5) Ti[[l +-%] - 1]
, Ui [01] T ( ).
, ) . Step3:  Ae <0, ,
P==exp(-AET)
) . T ) m )
) ) m = m, E(m) = E(m) .
, Step4: T )
, cauchy cauchy 2.3
‘Bar Step5: T, 2,5,
SU[ 118] (1990) , ingber (1989)
Ti(W = Teexp(- ak'™) ,
k ,Ci Y
SA , ¢ )
Stepl: m" < m o< m™
m SA ,
NP NT NS
-1

s | |

= NP X NTx NS, 2.0 _Ga,b,c 12
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12 SA (SEG,
AGU,EGU,CGU ) ( 2006 9 ). SA

Table 12 The number of papers which consiss of SA
method published by main organization ( SEG,AGU,
EGU,CGU) ,time islimited 2006 - 9 before

, ,  VFSA (Very fast
Smulated annealing, S. P. SHARMA and P.

KAIKKONEN ,1999'*") | (QA, Quan-
tum annealing , 2006 , , , (1201
13 VESA QA
( 2006 9 ) 371 17 13 41
13
Table 13 The performance of different SA algorithms
( )
S. P. SHARMA and
Sun  Enterprise  Ul- 2D TEM
P. KAIKKONEN![9] 1999 M =5km x4km Pl dataset 20 24hours
rax ata:
VFSA
. [120] 2DMT 14501 search
2006 PC
(QA)sA H =200 +400m +infinte. dataset 10001 search
3 [122 125]
" (1)
(322 ) , (2 PC(persona computer)
) (3) 3D 10
- ’ (4) 1 -
[3,4,13] ,
, 3D
) (5) .
) 1D 2D ,3D

3D ,
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