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Abstract

Frequency domain controlled source electromagnetic (FCSEM), a geophysical exploration method,
is based on artificial source excitation. The method is stronger in the interference carrying than
electromagnetic exploration and is higher in resolution than gravity-magnetic prospecting. Re-
cently, the theory research and effectiveness, stability, and computational efficiency of 3D CSEM
inversion have always been the focus. This paper mainly introduces 3D CSEM inversion, including
the progress of numerical simulation methods and the application of algorithms relating solution,
compares the properties of various methods, and gives the prospect of future development. Final-
ly, CSEM method is summarized, and the future development direction is given.
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1. 518

W JLAESR, A n] 25 ¥5 B R 2% (Frequency Domain Controlled Source Electromagnetic, FCSEM)) iz i
RFHAEF B = AR AR DL S NS5 T T, AR HBAES) 1 AT 2 I FURAE ST R R
W AR 2 25 AE FCSEM JOE BT 7 i 7 R & TAE, Newman S5 [1]2R ARG ILHEHE 2 (NLCG) AT i
A2 (LM)HE A7 VE R AR 2 = 4 B 80 U o) R AT FlAL 22, 0 FRREERHR A 1 SR . I = [2] [3]-
Py FE RO 4 38 [AT 0 R 428 Y55 0K - PR v DA % 22 4 ) i R G b gk AT 1 IR AN S s it 9 . Egbert £ [5]%)
S YE LS S EE AT TR, O FURE(EM) M R S [a] R e e AR FRHE AT BETHSROT R T — AN
SENESE . AR B AR IR ARG [6] [7]45 6 1R Mk S Js AN IR AR B S i IR ARE , SEBIL T AT 45 5 AR b rEL R —
YESLHORE B S B, IR 1 1% I B A A AR e 1 o 0 R RS AN B AR (81 F A e 1t I A
ERIA BN A (L-BFGS) 73 AT 1 = 4Ef 2 WA B S, FEEES T R 7 BT R CEEA A k.
AT, =4 FCSEM RIEMAREME A RCEFITHR R 35 /2 H ATt 7T (10 0

RIS, IR T B B R B RO AR . IR — A BRI AR SR R R
REMEEME TR, EEERNMOR R, IEAOERIMRIT R, BRI AT RIS IR AR
R EEER AT =& REGEME NIRRT =, &0 R gl i s AR sKiL . EMREEREAIRT. ARZE
g5 R DT RRERANE TOESE . RIETHERIZ DR S R DT RIS, MR, RARBIITEEA
—He N TS =R R, AT R R R T A ROk AT S, A s T BRI,
Ay, AEZR I ILRERE FE A IR N AAESE . Sl R R SRR B B, (R SR g . AR S
LR, AFEE MR SR, PEERK. ARAAEO & ILPr: B — i, L-BFGS
SEANTR ELRAF ALY Hessian FERF, W& CRAFAREIGEAR Iy —4EBUA ) T 1aE B, HAAACLRAF 1 P B)E
B IEALY Hessian FiFE AR 2 (100 IREAN), PRI T VEA7 il B R ORIR FEAIC,  WseSlos B2 B 42 7t .

AR —ER 4 L FCSEM IETHEOAR S A FBUEARAU I A RIBERE, 5 0 vdl 1 =4k FCSEM
B S EBHUARAUBOR B, okt =4t FCSEM 2 1 8.
2. iy AR B A RS
2.1 B

T 258 33T 42 Y58 P A2 A A0 3R 3 R R ) — b o B — 3 T N T RR RO [ SR B B4R 7 2
B A% 45 B R ARIE R UREAR I T AR L, B R PI TR ), &SR A S5 H . &
JZ N T BT R IAEE T AT SRR BRI T, G R

Bk, KBRS, . Fooe B nT 2R H YA — 4 I U SR VE T RIS mT 2 I F R Ok R RS 20 R L
A E BB FSEERE .
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Figure 1. Diagram of inversion flow
1. RERIEREE (LG, 2021[10])

3. fiRiHtR
AR, [l P b vot A 2 0 L T () B R B v SR, 1 IE SR R 7 T T — e
U5 L

3.1 IER¥BUETEAZE

H B A V2 77 A RO E T, (B B U557 32 8 DL 5 35 (Maxwel ) 77 F2 4 R85
IR T RRE) . R T ZE 0 HE AR 27 (FDM), LAAE7» FlAdE A R a0 A IR JC(FEM) . B4 3Tk
SRR JeyESE, R X URh 58— 34T — AN 2H DA AR B s R

311 MaBEE

TR 77 PR (E) 2 1 00 e B ORS00 = 248 i 0 (0 i T A7 v, A S 8 P 7 M R B F LT 2 A0 [ 11] o
HBUE B AR TE Maxwell 7 FEROFERE L, 51N SRIRIEFF IR EMER D TTRE IR MR R B, SR 61k 7
2. BHEME, BJERMAERIA. |E BATSEEER, WA SHD RS R AESHT =R
Hb AR AT S BEE T RN AR R R R, B2 S0 IE BT 7 olulk, (TEE[12]
ST T BT 2T AR AR S BRI 21 2 o XK S A (130 = BRI AL S8 B Bl VE AT T — A
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X BOKARSE[141H 1B 7k B T K H i = 4B A UL I3

312 BRESE

A R 727015 (FDM) 2 B2 AL H ELBOR I BB 7%, Yee [15]HIA BRZE7EALE Maxwell 7524,
KA RATURIL FHE . FDM 52— B3 T ARBOR B AU 23 10 D R BB T 307 32, B R B g 2 B0,
THEHREERCR, E A T2 B A AR R . 3 ST 16145 A BR T A ek HEAT 45 & kAT 4
EARA . BN AR J& [ 171550 A BR T2 2 F B = 48 I i s MU AT, . RO AR 18] A E[19].
VPR TE = [20]55 22 5 A FDM J5iE T e 1 Rl 2l SRt i i = 4R BB A ALLTE 7

3.1.3. BRTE

A BRICIE(FEM) 2 B DL » FUINBUR B9 RE Al 1, SRE R Ry TR . Jeilb AT 380y, kAT
B3, TR TR e T RE AL - fo e » S8 EL R A B AR AR 2 J7 RE 4L, 75 21 HL i 7 %5090 A - Coggon
[211°8 YOkt FEM R T RIS . FEM RODR R SRARIERE (AT 0. B0VE, AR 77 (8. SRt Bk e ™ A/
RN TT R AEAE S BB R AT RS, SKRAFIE Y. Mukherjee [22], Silva [23]55 {3 Mk A BRIk
BEAT T =HERA . EIAE T 255 [24] . SKETT AR B 6 [25] . JEESH10], 3 R/NT-AE[26]
WAL FEM 3T 1 =48

3.1.4. ETE

WICIE(SEM)E T U R, HAFIE R FEM J7ik, (HJ&7E B0 PN 3 (L 8 B0 FH 1 2 3 i
I Patera [27]52 tH, #2 Galerkin J7ikIZER, & 568 A BR T 7728 4T B ik, ST E B o0 A
il AT 28 . TV SRS, S, BLE BN IR . R 2 R A AR, B R
EETH, ok 2B E S, 40: Seriani [28]41 Komatitsch [29], Z8758 SCF1 45 2#45[30]
XIFL[31]. #EFE[32]55 K SEM I 31 e g =4k [ s

32. REBEITEAZE

WA PR IR LR I R AN Y, — AN 4 S L2 JE i e NI BIARAE FE R 285K . [ P 4k 2
N = GHAT TOREIIWT I . =47 R BT IS B AR S [33] AR HTpR
JE AN TAPLZE 2% S 5 [34] A AN AU R[35] PROE A5 S5 [36] el - Wik, BARAT IR
PWAFA 02 AR N =G Sy 0. BRI B Rk s N TP i AT 005 1%

3.2.1. Sk

& G111 (Newton’s method ) YStS0# FEBR, (R 75 Z5ELE 1T 5 Hessian TR RE, 4 ST SRAEFE R4S
s AEIEER, Newton’s method il ASRESS Bl RIS EL[37]. PRIL H B T I Hessian %0 B4 (00 0 b v i - 2
iji7%:(Gauss-Newton, GN) [38] [39]. [FIAi% /52 F M rT LU AR R )RR AR T ARt vk b (1) — B Hessian iF%,
BT A T AHZM RS, THE R, W GN HHHEARIME RS Kbk, ML PR RNHER, 5
TR KRB 3R AERARE 2 [40]7E = 4 I3 R GN SRARAL H PR %, $RH T 38 A Bl HURTAR R B IR
=4 FCSEM [ 7%

3.2.2. ARAFERFWE

AN TIE(LS)Z T ST AT, HHMESIEATRE . SRR I, 2 s R R i
FEP BB IR ZE, AR EANE BB T I BUE R A L EE Y, OV E M BUE 2 B AR R
il K, FrEARIAE Maquart [41]52 tH FIPLALREJE LS SAERERRE L Eeka 1 s A E e 1, (HIL
THE R S B o ILHERE FEVL[42] 75 E0H 55 2 YR “PUIE ", GN 75 ZH 5 8RB REGERE
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THE RS .

A R Y AR 125 (L-BFGS) it v 1 38 21325 (BFGS) BRI ARG 75 BEARAE N * N i 2R 390 0 B4 (1 i)
BAWSCEETR, WA, I RES4EE, AR . L-BFGS &l -tk 1 —#,
ST A T FIAR WL AR A5 [43]4 tH T — b oSod A 3 F1 18 75 1R 0D S e R SRk AR B . B T
P, NAEEFE DN IIIL A B A [441R 00 AR B0E K itk CSAMT =4 S [ f . By i Ff AR 5 AR S5 [45]
BT HWRANAFIAT 7 =45 m) P s, 25 3R I 28 85 04 % 24 1) [ 4 e i R0 52 B PR R BB 1) 5 5
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Figure 2. Surface observation system diagram
2. WRIMFAGE(DERF, 2022 [45)])

3.2.3. JELkEHIEEE L

A2k M LB RR 1R (NLCG) A2 7E S AR FE 15 (CO) 2 it 3R HUI  Fletcher 25 A [50]42 i1, J5 Kk
Polyak 1 Ribiére Z5[51]7ES 4 kAT ik, Mool 7 R EE TR ZMP KA. Rodi % [52]% NLCG H
Tt e ok KR R S 1) A, 5ok Newman Z5[53]H NLCG SRAF R R Hb L flf = 4 S J8 i) . NLCG 7
TERUNAS 75 BEKG S A I B AT 2 Ak, BT DA S ISR IS [RD R P A7V FEAR B, AR Jld A P T w4 PR S I
BAEAERL, SRE R [54] 53 T AR M PR VA4 1 2.5 4ER BRGSO 45 SRR IS A R it N
SEHL PSSR, anlE 3 Fis.
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Figure 3. Inversion results of different initial models including (a) Complicated model, (b) Initial resistivity model of 150
Q-m, and (c) Initial resistivity model of 100 Q-m, (d) Initial resistivity model of 50 Q-m
3. FRIVIIAHRE RRAE R (GRERLFF, 2016 [54]) (a) EFAER, (b) #IAIRELA 150 Q'm, (c) #IRIEEA 100 Q'm,
(d) #MIRHRELH 50 Q'm

4. NRARBEGESERESH

MUL BB FEBERE T A, ToiR R IR TR 8 S T A 4 E a6 R BRI L, O T3d
JS7 3 B B BAE DR R FE IR R, 2 AT AE BUE AT T AAE AT RRSE BT 7T, et i M i AE
THECHR ARG, Ry AR, LRSI B 1 I S s B AR i B A n e 1 Ak 2

Fs o

Table 1. Forward modeling method and comparative analysis
= 1. IEEREMG ARt

Fri THEORE B R AR A . e
/ EF &M HERR
KA PR A B B
e TR L 4y REAMREE RECSRY MRS,
SHMEREIR FAMNERE HHERS SRR SRR R =
5 H — STREE,  RREEETIRGH R RN
FDM (%[ RHEAR, e SEOREGREN i, WO, e
S AL e SR RREI TR BRI R
5 A Hh R, DTk R AT BAE SR SO
FEM N SN NTIAELE ARGy, REEIES Nl D R
— R 4 3 AT R A AR AR
N N HUE AR R
R R A LA . A F TR i e i o e 1
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Table 2. Inversion modeling method and comparative analysis
= 2. RURBEMZ AR
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