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Fig. 1. Formation model and two different model spaces: (a) Inhomogeneous formation model and grids; (b) pixel model; (c¢) block

model.

DYSE 1 BUR T SER

n X 8A(r,rs)|y, =0, dp(r,rs)|yo =0.  (11)

Ji R (10) HY A 56 50 8T (v, rs) = do(r)E(r, 7s)
JEHL R A NGB A R U HL R B N LRSS
P  (10) SRS FIEE TR (1) AT RIEH,
S 010 N1 P T B 5L e = S 2
TERCH RS TR, "R S5 (1)
SEA AR B 7 K AR T #E (10).

AT RIF IR H 3 28 B R RE S s L A
BT 7R AR, e s R AR © N
FH os(r) ERHLEIE B B A 24 H § AN [F]

M) AR L. B 1 RARY BT 2B | Yee #43
RS FARER H S AR Oy el o S R DR
L H, Bl 1(a) R RRA os(r) B F

gﬁ‘%%%ﬁ‘%ﬂ?’ﬂ UBloCk,’y(r)v (7 =1 2,-- 7F) N §§
ARV, (v = 1,2, , ) B =ZEHOiR

. 15 1(b) M 1(c) 7051 ET%%%%K&“%M}
P 3R AAE Yee [RACHE IS b LS A 25 (0]
IHAEDL, TR SREA S (15 1(b)), HMER
BATC Vi B — DL AR R T SR
HEEII (18] 1(c)), BEDBARAN T R R 0
AL SR sE ], T EE P 1(b) FIE 1(c) PiFp
AT L S AR S S S T R (10) A7 g
T TS 1% LA R R N Y S 2 52 A PR B

23 BGEESEREGHNEATEREE

XFT & 1(b) AR 2 e R A, SRy 7 LR
UL, K Yee QA5 WA rf 0 38 B A% AR S BE AR
FHOT, IHBUE BlE L SR AL, T SR 5
HARP I A AR R o MG 5 P
MR, Vi ok, (a=1,2,--- M), HIfEHE S
RN i oy (=1, 2, M), XNFEHREHR T
BRI KA R ”%”%LEE%KT%&JEE’J S [) 43 A
AT LAZIR AT 43 i SR EoE A

E SUlaJak H

— 1, reV;
B S Vi) = { g 0 g IR

RBRITV ke (a—1,2,- -, M) R RRAE pR AR
ATLVEH, RAES 14&@?&&@%, G155
WARETE. W, L5 AMEGERE TN
AT BN Svi, o ko = OC iy o oo/ i o s (0 = 1,
2, M), KBRS L SR AR BBl AT R

M
) =) ik BT
a=1

Za Jas ka)7 (12)

dv(r) = do(r) Vi jaska)-

(13)

X, PR HL S AR Bl A RIS FL R T LA A
— RI A B T IS

069101-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z 3R Acta Phys. Sin. Vol. 70, No. 6 (2021) 069101

M T (Tiot1/2, 0 ks T8) [Viat1 /2 g0k 80 = i 172,50 k)
8J(r,rs) = w(r) I (r,7s) = > ie ok | Jy(Pinjutijzhes™s) [Viejurrjona |80 =i sovrjon.) |5 (14)
a=1

Jo(Tin o kat1/27S) [Via aska+1/2| 60 = Ti o kat1/2)

ﬁqj’ ’%a+1/2>javka |a |Via,ja+1/2,lca |$H|Via,ja,ka+1/2|ﬁiniu‘~% T,y Al Zﬁmﬂé%ﬁm*%via—kl/ljmkm Via,ja-',-l/Q,lca
Vi o kot B R BT T (P 172,50 ks TS) = Git1 )20 ke Be (T 4172, kan 78) s Ty (P it j2,k05 Ts) =

Uz‘u,ja+1/2,kaEy("imjaﬂ/z,ka,Ts)ﬂ] Jo(Pin jokat1 /2, Ts) = Gia,ja,ka+1/2Ez(Tz‘a,ja,kﬁl/mTs)ﬁ%ﬂ%%/l\*%‘ﬁ

POAR HHC Y R I

Feore (14) FRATTRE (10a) W, I IR REBATT V10 ks Vigaryze T Vi g2 LR HARE2,

U788 1) S B A B 45/ 43 it 12

lwpig
0bit 12,5 k(Ts) =
i+1/2,] |V;+1/2,j,k| Vit1/2.9.k
Wiy
8b; jr1/2.k(rs) = 7o———
i,j+1/ |Vi7j+1/2,k’ Viiti/2,k
Wi
6bi jk+1/2(Ts) =
R \Vijks1/2] Vi ki

ﬁi&m:{3?;?ﬁ#ﬂ,ﬁ%ﬁﬂu%)

AURIAERTCV; ;o FIARTY, 15

1
%“Mm):_wiﬂ[; V- (87 (r,rs)|dV
75 i,k

51'&,1' 6ia+1,i
= = Wiy jarka | J2iat1/2, 0 ke (TS) |75 —
e h

T
Ga+1
w §Terd Gkask
SJesd §iatlj .
+ Sy dat1/2.0 (T5) lhy T 1 gleighak
Jo Jat+1
6ka7k 5ka,k L )
+Jz,ia,‘a,ka+1/2(’l"s> - T Slasigiand 4
’ hka hka+1
(15b)

Xt (15) 2R B8 WAl SR E AT I8 2 R 3 I
A i A B I A AR R S Y o BUE 5X
8b(rs) = V(rs)dv, H i, & X} 1 5T 1Y 98 B
© s Wi g knr) S MAS
BFE R FRAF RS AR M 4G i, V(rs)
J& (15) R P BB R L E A A R R
N x MR, ik, g (10) 76 (11) XA
SAF T B IS T B A T et
F3X (rs) = V(rs)dv, (16)
XL 83X (rs) R FK LSRN B Bl ] 1 v 5 |
(B HBOR & S NV, S N x MY AR, T

SV:(SVilalefU 6yi27j27k27 o

8y (r,rs)dV = iwpodVi, jo ko Jeint1/2,50 ko (TS)

8y (7, rs)dV = 1wpodVi, jo ko Ly in jot1/2,ka (TS)

ia+1/2,i+1/2 550,d Ska k
5 / [25desd § ,

last §iat+1/2,j+1/2 ska k
§larigiat1l/2,5+1/25 ,

_ 8J.(r,rs)dV = iwiodvi,, o k. Jz,ia,ja,ka+1/2(rs)dia’i§jmj5ka+1/2’k+l/27

(15a)

|
Fo2Jr e (10) Zevmp) B WOERE, JF H507% (5)
) B RO [ e A Tm]. RIS AR (9) Hh iy Ha 37 G
U BT, W (16) AT LIS 3 o 37 58 il
IR SR ER L T AT R ) ] ) 2R PR DG R
SE(rg,rs) = Pr(rr)V (rs)dv =8Sg(rg, rs)dv,
SH (rr,rs)= Py (rr)V (rs)ov=Sg(rr,7s)dv, (17)
X
Sp(rr,rs) = Pe(rr)V(rs),
Su(rr,rs) = Py (rr)V(rs), (18)
JE3 x MBI, 2R rs b B K R TE RS
rr ALY B S R AR R WA R U AR, R
HUE R PR TR R BT Vi e, TR
AR AR AR Svs, o jy (=1, 2, -, M) ST
BB .

X HURE AR SR I, TR TR R R WUEE
Mt SO AT R SO, R 3R oo B8 M T RE
IRFNH TR UL E R, T A% T R E ORI HUR
PP AL NIKB A TR . FlinA 4R
BB M = 40 x 40 x 56 = 89600 1, B K FAbR
PO HCN = 1857844 W B N ZPE AL O R
(16) A&, B 5X (rs) MR Z HL T 380 XT 4 5 1)
i Sw (8] 1Y I UM OC Rl T AR 7 s
el i SRR R B, Wi e o
N x MBTB)RBEAEME P10 N x M2
% V(Ts)ﬂga@ﬂ:{ F_IV(Ts), 1+%Iﬁzi%+ﬁg

069101-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 6 (2021)

069101

K, THFEN CPU e A A 2 X LA R 3Z 1. i
it TR (9) AR T Pe(re) M Py (rr) L I
(18) T3 s I Fn g 7 1 o R AR, R Lk
1 3 x MBS 5 Pg(rr) Fl Py (rr) 5 2 HUA Ui
WN x MW EHREV (rs) R, KKW AT
TR AR, A, T B UL R T RS
PSR B A 5, R, AT DIARIE R B

24 SREUBSEEITPNEARFE

XFTE 1(c) Hhar B B e &
SEARV,, (y=1,2,-- , D) AT SR BE N
B oBlock 4, He BT R AHXT L B &N Suplock , =
80 Block v/ TBlock  » 12X I FH T4 57 1A oL - R 4 3
FEEU Kb JZ FL TR AR B Bl 1 19 25 (R o A e 3R
NI R EOE

eI Py (rp) M Py (rr) I ST, 7 5250 1

3 ocl v ock, = V. 19
V() PR~ (R2 17T 1 WL A i3 e 21 ok (7, V1), (19)
HiEE (15) BERESYCHINE, B ESOL RN L = ) SR S0 v A O B

TG I—IU A V (rs) BOTTER, SR8 TT AR (8)
IR (18) BLRENS Rl HAT 241 i L L

b, T AETFIHE, DO BOIR 5 ki S A Bk xof
HLBE G B, B S 7 1RV, R IR R BT

SSHLRE R R, S RIS VO (o= 12 AL), IR (10) A0
ol = ARG S ST T AR F A R S . BRI AT AL R
\
3JBiock (T, s) = uBlock (T)J (T, Ts)
r M, Jz("“ia+1/2,jmka7rs) Vii’y+)1/2,ja,ka‘ 5(7‘ - "'i(,+1/2,jmka)
= Z5V310ck,»y Z Jy(Tin jot1/2,kasTS) Vl—(Z;QH/MQ Or =iy ja+1/2.ka) | - (20)
i = Je(Pin Gokat1/2:TS) Viga,kaﬂ/g‘ O(T = Ty o kat1/2)

RINEIRE (14) RMRAESHO 2, 7T LS B HOIRORARARL A s ) i i e X

3bBlock, (i+1/2,5,k) (T's)

iwpg

S . 1., msIV = i zaumm z Ty (75 121 2
|VL+1/2)]7k| Vi+1/2,j,k
3bBlock, (i,j+1/2,k) (Ts)
__WHo 8Jy(r, rs)dV =iwpg ZSVBlock'y Z on Ja+1/27ka)(rs)éi""i5j“+1/2’j+1/26k“’k,
’V;’j+1/27k‘ Vij+1/2,k
3bBlock, (i,j,k+1/2) (Ts)
. M,
w
Ho / (r,rs)dV = iwpo Z OBlock, v Z T (i rjasea+1/2) (7g) 30 50T Gha FH/ZRTL/2 (9] 5)
|‘/;-7k+1/2‘ i3, k41/2 ~y=1 a=1
1
ObBlock, (i,5,k) (Ts) = " Vioal V- [B3J(r,rs)|dV
] g,k
5ia 1 5ia+1,i o
= - ZSVBlocky Z { (i +1/2,jo ko) (TS) { e iﬂ] §lecrd ghesk
™ iat+1

§iard  §iatlii

Ty, (e +1/2k0) (T5) [hy TR,
Ja Jat

ghak  ghak |
§ 5 R 1T, o o kat1y2) (TS) W e gtertole o (21D)
ka ka+1

069101-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 70, No. 6 (2021)

069101

575 (14) fmiiZe ], Jrf (21) e HE R
Al RN U FEIE A 8bplock (Ts) = VBlock (s )3UBlock
Hr | Supiock = (3VBlock.1, OVBlock.25 5 OVBlock T') | A&
DAYOIR 55 R L o S 38X R Sl i 4 s I By
G, Vaa(rs)F2 (21) SR A
BN x TR, B, 8 5o 5 5
T A S B A H S SRR X 8 I 0T 2 RO B A
AN SE A T LSRR e A RO
F3Xgiock(Ts) = Viilock(T's)3VBlock: (22)
HH ) 8 Xpioek (rs) /B N x I By AR FIEE B, HAgA
A [ X I T B B A H 3 SR X i gl 5 i
) ESHOHR & AU INVEf. RIS 7 (17) Ay
FE(18) KM Ik, FI APk B S R B R
i ARBERERE (3 x T Y = HFF):
S'Block,E("“m rg) = PE(TR)VBlock("‘s),
Shiock. 71 (TR, T's) = Prr(TR) Vilock (T's), (23)
D75 3] P 1 37 5 5 /N2 A R AAASE Y v 25 A
S HL TR I T IR X 5 Bl B ] P O &R
3 Eglock (TR, T's) = SBlock, EOVBIock,

8 Hpjock (TR, Ts) = SBlock, H OVBlock- (24)

2.5 HBEBRKESHALEXREE

TR RGN i, AR L) B G IR IR S5 A
DB M 45 4 o 77 W) B HEL AR R RN N
Ey(rr,rs)=Ag, (rr, rs)els=(mors) HHAp (rp,rs)
MOg, (rr, rs) AR B, (rr, vs) BFIRIE S AL, ATHIE
H B 375 /N AR A 5 IR M AT A2 i N AR Ak ]
E’\J?‘é,%%] 6§x(rk7 Ts) o 614E,le (T‘R, Ts)

= +160 T 710 R
c(rr,7s)  Ag, (TR, TS) B, (TR, Ts)

W25 G R (17), WIS EMG R i R AR 25
(B L5 B B, (rr, s ) IR -5 AR A d =X R A BE
I
SAEZ (’I"R, ?“5) = Re[diag(l/Egc(rR, ?“5), 0, 0)5’]5(?“1{7 ’l"s)],
SGEI (’I“R, Ts) = Im[diag(l/Em(rR, Ts)7 0, O)S’E(’PR,(’I"s))],
25
VI AG R SR S S M L 758 B, (rr, 7s)
PRI AL A LAk i
dAE, (Tr,Ts) S3E, (TR, Ts)
Ag, (rr,7s) =Re [ E.(rr,7s)
0AE, (TR, Ts)
Ag, (rr,7s)

] =S4, (TR, 7)Y,

30, (rr, Ts) =Im { ] =Sy, (rr,7s)dV.

(26)

XETHESIRIE Hy (rr, vs) BIPRIE-S A0 A9 2 0R A5
JEFE S AN R, L) K 53 SR b i B 37 R
AL A A X SRR R A 5 2 P A M 7 Al mT LA
RATT AT,

3 HESER

AT SR TR S R AR 7k (efficient
direct method, EDM) 75 2| i . 20 R 8% 5 A B
#4177 (finite different method, FDM)BU 15 |
1) R FRE AT X LY, 36 UF 52 R R B A A
PE. TEMCEA BRI BUE AU, Rk — 2D 58 % 42
AN RIS BEAB O 43 B B, S R A 25 ] 58
F SRR 23 ] v LG S K V-4 i B L H, 1
PRUFFIARO; RALSE, [FIRHER AT D4k 5 55 2k
b B, YRURAR A, A R XS . 7T T A EUE S
W TAESR N 0.25 Hz, K $F KRB KA
S350 m, KEFIREIFE A 100 m. BRI G 2K [h]
[, B B2 SU2 K DTRUZ L S ik, =5
SZHFHEA 106 Q-m, W/K)ZEEH 1 km, HFH
N 0.3 Qm, JIHZHEEEN 1 Qm. BANiHE
X3 K /Ay (100, 100, 100) km, IFH 2, y 1 2 =
ANTESZ T [l 1 B B A% B o0 0] oy 74, 74 F 84,
B AR BT N = 1857844, TRI&PMHEELIX
BRI S A T S X AP BT X it B
() (%) PO A% ] B e P 58 . 3 2l R1, R2 Al
R3 9T 2 = —6, —4, —2 km BYIEIRTE |, &5
U AE o3l 1 i A28 A0 & -8—8 km, [A]#E 250 m,
B SR EEA 65 AR B I & IR, KLk 0 i
PHEBESET 1 Am, F 22 y= 01 E b
A5 ] SR 5 O A AT R A S R AN s A
Hodr, SHARTE o, g A 2 05 K BN 3, 3
A10.3 km, HA LA E A (0,0, 1) km, HLFLER A
100 Q-m, 3 ASFRUCSA B [ AN Sl R A 5L
(B 25 1) B AE B 7820 T AFuS B 1ThY, MAERD
H N 256 Gb.

3.1 REFEREFRIIE

FAERE 2 th AR R R R R
541 I EDM A FDM #0712y BT f 3
IR M AR L AR R TR S A REUE . K] 3(a)
FIE 3(b) J& 3 AR B H S b F /KP4y
B, YRIE S5 mFIE (magnitude versus offset, MVO)
1 v i 2 FUAE A 5 i B B (phase versus offset,

069101-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 70, No. 6 (2021) 069101

PVO) 1ML, rTRIE T, 18 3 MR,
PRI AT S, R AR S5 R RO, R TG
FEARARNE, R 375 I Mk IR ) o bR e, 7
W B A S B DR AR A SR, A e B S
A b 07 KA B, MVO g2 4 A R iy

WO, B RS S PR AT B R 2R Pl (R3) LAY
PSRN SN ., A PVO S 2l o i
AN BRI, TX LR Ny i BELS (AR R 5.

TR g LS R R N R S 5 R 1Y
JK - H, 37 4k R DL b AH A2 22 Ak, [R] A EDMAN

1500 Cross-section of y =0 km (not to scale) » Transmitter ® Receiver
3
—1000 T rrrrrrrr ey
e
500 ISeawater: 3.33 S/II\! =
N N N N N I N 2 !
T :
wn
0 <
g Lz
~ =
® 500 2
I3
&
1000 N
0 3
O
1500
-1
2000
—8000 —6000 —4000 —2000 0 2000 4000 6000 8000
z/m
&2 =4k MCSEM £6 4451 55 R #S &) 73 75 25 & (y = 0 )
Fig. 2. Verification model and mesh grid of three-dimensional MCSEM (cross-section of y = 0).
10-6 50
10-7
0
o~ 108
‘E 109 —50
> T
~ —-10 ~
10 T 100
g 101 =
2 qp-12 & 150
2 10 . x -
g b =
s 10 —200
¥ 10-14
Lo-15 —250
10-16 —300
-6 —4 =2 0 2 4 6 8
Transmitter position/km
0.04 0.04
()
o) 0.02 0.02
<
E 2
= 04 = 01
=}
g a
:dH —0.02 Lﬂ“ —0.02
2 o004 T o004
5 >
=
Z —0.06 ] = —0.06
2 EDM: FDM: a
g —008F __ R=_6km aAR=—6km 5 —0.08F ;
g b R=—-4km oR=—4km N b A
@? —0.10F —--R=—-2km oR=-—2km —0.10 | n“/
[—— N N s R

—0.12 L L L L L L
-8 -6 -4 -2 0 2 4 6 8

Transmitter position/km

8 -6 —4 -2 0 2 4 6 8

Transmitter position/km

K3 3AAFALE A EHY B i MVO il PVO £k K th EDM Al FDM T3S B AR IR S AR R GUEXTILIE  (a) Ex
By MVO IE 4558, (b) EL M PVO IEHEEH: (¢) ELARIERBUEXT L (d) B ML R EUE X L
Fig. 3. The E, magnitudes (MVO) and phases (PVO) of 3 receivers at different positions and comparison of Fréchet sensitivity

obtained by two different algorithms of EDM and FDM: (a) MVO
tivity; (d) comparison of E; phase sensitivity.
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Fig. 4. The H, magnitudes (MVO) and phases (PVO) of 3 receivers at different position and comparison of Fréchet sensitivity
obtained by two different algorithms of EDM and FDM: (a) MVO of Hy; (b) PVO of Hy; (c) comparison of H, amplitude sensi-

tivity; (d) comparison of Hy phase sensitivity.
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Table 1. Computational time cost of EDM and
FDM.
Method Numbfar of Number of Tlm.e t/
transmitters recelvers min
EDM-block 65 3 49
FDM 65 3 72
EDM-block 65 5 50
FDM 65 5 108

—1500

Cross-section of y = 0 km (not to scale)
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Fig. 5. Conductivity distribution and mesh grid of computation model including three different blocks at cross-section of y = 0.
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Fig. 6. Magnitudes (MVO) and phases (PVO) versus offset of E; at receiver R2 and Fréchet sensitivity about three different
Blocks: (a) MVO of Eg; (b) PVO of Eg; (c) sensitivity of E, amplitude about Block 1, Block 2, Block 3; (d) sensitivity of Eg
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Water depth: 1 km

» Seawater: 0.3 Q-m

(b)

K8 =4 MCSEM BBl RIS L MAMERTE  (a) y= 0 #H; (b) MHRERE
Fig. 8. Pixel mesh and survey lines of three dimensional MCSEM model: (a) Cross-section of y = 0; (b) top view.
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Fig. 9. Comparison of magnitudes (MVO), phases (PVO) and Fréchet sensitivity versus offset of E, obtained by three different
survey lines: (a) MVO of E; (b) PVO of Eg; (c) comparison of E, amplitude sensitivity; (d) comparison of E, phase sensitivity.
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Fig. 10. The zz cross-sections along inline and two sidelines of E, pixel sensitivity distribution for a given source-receiver combination
(rs = (4000, 0, —50) m and rr = (—4000, 0, —50) m): (a) Sensitivity of E, amplitude; (b) sensitivity of E; phase.
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Fig. 11. The =zy cross-sections at different depth of FE, pixel sensitivity distribution for a given source-receiver combination
(rs = (4000, 0, —50) m and rr = (—4000, 0, —50) m): (a) Sensitivity of E, amplitude; (b) sensitivity of E phase.
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Abstract

In this paper, an efficient algorithm of three-dimensional (3D) explicit sensitivity (or called Fréchet
derivatives) matrix for marine controlled source electromagnetic measurements is established by combining an
electric coupled potential finite volume method with a direct solver PARDISO direct method. Firstly, on the
Yee’s staggered grids, the coupled potential Helmholtz equations are discretized to form a large, sparse and
complex linear system which is excited by mobile transmitters. Secondly, through the inversion of the discrete
matrix and 3D linear interpolation formula, the interpolation operators and projection operators are established
for each receiver at different positions. Because these interpolation operators and projection operators are
unrelated to transmitters, they can be computed in advance according to the positions of all receivers. Then the
multiple projection operators with discrete vector of each transmitter source can efficiently produce the
electromagnetic (EM) responses. On the basis, the goal conductivity of block model and pixel model is expressed
as a piece-wise constant function. By perturbing the goal conductivity, the scattered electric current density can
be decomposed into a series of electric current elements distributed on Yee’s grids. Each scattered current
element is equal to the product of relative perturbation of conductivity and the electric intensity on the grid.
The discrete vector on the right-hand side is computed by integrating each scattered current element on the
Yee’s grid and then being multiplied with the project operator. Then the linear relationship between the
changes in EM field and the relative conductivity perturbation on each block or pixel can be fast produced to
obtain the explicit sensitivity matrix about EM responses. Finally, numerical results demonstrate the efficiency
and accuracy of this method. The characteristics of 3D sensitivity in three different cases are further
investigated.

Keywords: marine controlled source electromagnetic measurement, sensitivity matrix, finite volume method,
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