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The full-time electromagnetic modeling for time-domain

airborne electromagnetic systems

YIN Chang-Chun, HUANG Wei, BEN Fang

College o f Geo-exploration Science and Technology . Jilin University , Changchun 130026, China

Abstract In recent years, many experts dedicated their research to the forward modeling and
inversion of airborne EM systems. In this paper, we carry out the modeling for 1D layered media
and 3D earth. We calculate not only vertical component but also the in-line component of the
magnetic responses. This offers the theoretical basis for airborne EM to have multi-component
survey. After comparing the impulse response and step response for airborne EM systems, we
find that the impulse system response has singularity at the early time, resulting in stability
problems in the EM modeling, while the step system response is non-singular, so that we can
develop a stable algorithm for the calculation of the full-time EM responses for time-domain
airborne systems. It is proved that the algorithm is precise and maintains well the integral/
derivative relationship between the magnetic field B and the magnetic induction dB/d¢. Extending
the algorithm to 3D models has also obtained good results.
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response

E£MAB HEEAAPEESTH 1274120 FH ZKE KRB & B 5 H (ZDYZ2012-1-03 F1 20130523MTEMO5) B 45 ¥ ).
EEEN BRAE 51965 448 8, BT AR R4 5, 3250 A= o 8 30 4R B398, 5 2 A0 25 RV T L RGO T A B O

E-mail ; yinchangchun@jlu. edu. cn



3154 H Bk ¥ B % R (Chinese J. Geophys. ) 56

1 5 &

i 25 W % 15 (Airborne Electromagnetics, faj FR
AEM) . o FHOR PR 3 B S & S A R PR & R .
Hb R K B P BE R TR W A5 SR T S 0 R
B T R AR T R AR AT T
FORAEHIE T 2% 1 52 4% Hb DX, LG An V5 b XL 1l
DX RRAR TR S DA R K S A B 7 6 M X, AT A B —
FBE) 5 T AS R 35 B A S50 R T M A fL R T AR B A
PTG AN [ 43 Ay B [ S50 R 01 2 4k R 456

N [] 35 L TH AL 8 R S0 At DL B THBIL o 3R 7R
AT AR o S TE AR LA R R 1 s R
Rk — WK G 5, B — W s R HOOR T R
F18) b A4S m B R RO T8 A o 5 A B ) AR Ak 1Y
SRR YR . 38 o R A MR R [l HRE(F S Rl s
0 M R SR 5 B S %7 sk T B TEEL RAT
R B R A A HLA AR R R e gy AR R AT
DLBE T b A0 1 T b BT A . PR T R R SR AT
2l S WL o L& S B RRAR R R R 5 R E ) 4
PEH 5.

E AN E R HATC 8 &35, & K Fugro
fias HiEk Y A 75 1 HeliGEOTEM £ 4; . Geotech
NE ) VTEM % 48, Aeroquest 23 &) i) AeroTEM
ARG, FHE Aarhus K211 SkyTEM 45502 2
IO FH T b TSR b KR R R R AL e
25 LG 2R 90 ) I ) 3L N T 5T (L A A R D A
B EtE2e 50 4E U35 [ Dobrin 88 A 82 H I 25 W
BT AT R T I 1 B AR B R4l 60 ARAR LA
R 25 FL G FR S0 BRI A 5 R B 9 AE 1Y 7 45 B R
R JE. 1969 4E, Neison Fll Morris 28 A\ #6471 i [
BT 7S W R S0 B e Ry B 5T 5 1996 4,
Annan 55 3R FJ 028 B AL B8 J7 3k X 2R OE 5% 3D
HeliGEOTEM % 4 on-time 4% 3E 17 Ab 2 fif B
1998 4F, Morrison 484 FLAFE A 5 M 1] 5% 22 o @ 75 1
WF 5 AR B FH B0 25 5 A7 A SR B AN 38 SR 1 S
M 1o R AEAFF 55 5 [ 45 . Barongo i job K5 4 58 1 1)
SR8 B Ao B ) (]I 5 T 25 IR AR R R S Y — 4
TF 8 6] B0 5 2003 4F , Balch F1 Rudd 25 %F = £ 3 1% Jih
T AeroTEM R4 1) on-time $4f #E17 52 R RS
2008 4, Yin ZEXF 2 1F 5% F1 S B I 38 il 389 50 2 45 B
R on-time F1 off-time H R Wi 17 437 IF 3F £ 452 400 A
F TR

T E 25 BRI R ST iR T 20 28 70 4R

R. 1979 425 P 1 8 AN [ A1 5 | 3k ROK 3R 4 1
BEAR R RS, HAr 2R &L J5 ok, BN A AT
M Y-11 "KL EL IR BE 4L M HL R 45 2006 4F , 35 bR
K%ETFGE EOHIE RS E AR R%E. DA
Wl TLATEM 5 86 2 i ] 38k 1 T #L R % 8 A5 3R
GiREHL, B ET AL TR 56 B B BN 5 1R R 5 H R
A B A 9 R AR o I K Aeroquest 44 7]
S Aero TEM-TIT 7 i} i) 35k i 25 o0 R 48 B N
1R Z2 2 B AR LR T b B 58 0 25 HL R 1% 5 1980 AR ARk
AR T WA K b b A i B T 38K R T ) R I
BT A [) AT R R XLy B [ s A 2 R R
B J5 B 222 5 38 A BI 25 H i BIF 9% T8 2003 4R
% I A A5 I T oL T B A BEE S 2 IR A ] 38
FUL 25 PO T A A R e Y I AR A U8R
252005 AR E 58 S X 517K K 1 A R I T
T 1 O P 3 K D D R EA T IS 5 2010 4F
/NS5 RO H ko o B30 Ay S8 U5 Y B ] 3 e
e T 7 LA S R R R 5 2011 A A S S [
M TH AL () S 25 R R 3 ) R o 2 R A T
THEEN.

ARSCHET™ T Yin' ' AN BTE BE . OR R
TEEE 857 2 25 () e i 17 107 2% 31 8T B2 R A o Y
P0G T 7 o K 5 2 48 7 0k A T 30 = 4 vl 0 0 3
{10 TE JHASE DL FRATT i 2 ) R S TS o 2K A2 46 B i
U R T B 3R S e i ) 7 S o L A
A 25 35, P, A e % 45 3] e I 38 5 B0 S L B R
(18 Y SR . e S 3 3 RS I 2 S5 IR T 1 R R AR AR
X AT TR ST BOR 1 1F A0 58 k. FRATT A H it
Bt B IRSE A ZS F i TP IR R 458 HeliGEOTEM
181 8 156 B R 1 A

2 il BEIHOLM AR &R G0 IE T BEE

2.1 EE#WEBERFHBE#EWMAN

15 H FI =S B R S8 1 EL R T
FHAY 2 555 DR . 70 3 3 R AT DA & 4% 1 37
X B RS & o Ty ) AR 2 O ) B R
Yy r i W IE A FRAT BB B A AR AR R B R AL T
e BRI E N 7 iR = AR AR 10 N N IE  BEEAR T

RAHRETE BN h 25 1AM R (s 05 2) AIGH
w J7 W] B KT 2
_ m [3rz4 A
HX—47c R + T (z)), (D

MG oy Hy



9 4 FRCAR AR A5 < I W) AT 2 L T AR 8 A 4 W I S A 4 3155

_om 32 —RL
7471{ = T.GzHl. @
Hopz. =h+=2,R. = /' +2.m=alS J& K
PR T Ton, S 43 0 27 A S5F A 3t L & S5 48 e I 4
AR T (2 ) &5 R B3, B

T, (&) = rri(k,é)sz(/er)dk, (3)
0

Hy

T, = [ pk.od, (b dk, D

AR IR D SE IR ER ) Ty CRr) FL Ty () 43 53]
BRI — B D FE R BRI B A% BREL (ks ) IR IR 1
Z: 01, Yin # Hodges!' . A3 H T Yin 1 Hodges!'™
S5 100 A5 1L v JR B I8 I &R BT (3) ~ (D)
A I IR B
2.2 MRS ESPERXER
P RS et R 7 [ WA SN ] BT PO (N g
o 431 23 358 T 25 F 0 T 7 B 4G 38 B ] 35
B = | Blwedo. (5)
Forr, BCa) il By () 43 530 0y L 25 LB 2R 40 114 1 58 Jk
U A DS WA LR A N Kl BT oy B S A (R =S
Y3k X iy 25 (8] Ak Bk 25 & 5 A U R FH 4 B BR R
Tt 1) = w (o) B o 22 58 08I 380 114 o )37 R Ay B B8R o i
H T B B ek ) A L AR R O — 1w FRATT AT A5 )
AR 35 S AR HL R 3 0 B B () TS ] 35K £ B BR
FEL T 9l S 85 72 R T R Bs (o) B 9 R R
1 (™ B(w)

B.(1) — —j ©) ot oy, (6)
27‘( —co 1w
2 o 17 B A AR B
Bs(1) —— %Jmlm[mw) JalT1s (ot dw. (T
0

FATHA Yin S 45 109 160 2 DU w R I8
RO (D b i 2 B D sE IR
2.3 REE AR = R R i R

I ) S5 2 0 i 7 A% 498 %) B 12 ke ol L A
e, H LA LR

4B I (0)B, (w) 9
dt

R By (w) S R 58 1Y A K o 7 17 T () SR
SRR P R LR R A B e 3 LA K B BB e 7 R
) 9 22 T) 1 56 &R 5 A5 BT 25 2 S L dat s ] Ja r,
i 107 7 A8 AR 5

B(t) = I(¢) x B;(¢)
dBs dI

=——* B, (10

=— 1) = dt dt

dB _ dI __dr_dBs _ &I
dt_dz*B'(t)_ T de?

H 1o R SHH  B (O F Bs (O 43 A& 28
FEL B8 2% 0 118 Ik o o O DY R M N 3k HEL A A R
JE AT AT 2R G B BR e 07 K e 6 2 4 A ARG/ B
MR QO M A Yin %07 45 5L
AT HE— B A A,

223 CCLO) AN L) Hh Y 8 AR AT A3 5 g 3 AL 0ok
LB B I Ay A #

* B, (1D

b N
Jf(l‘)dI = b;azw,f(b;axg +a—2~_b>, 12)
i=1

o ey A, 390008 e T A A e A8 o B B 4 A

3 —HEJZARA B e Sy R e
R IE 3 B

3.1 REBEBSHNA

B 15 T 1 A A & SR 7 T L A AR R D A 1Y
E R ORZ PR E T, W 1D, I AL bR R
(,0,2). h=30 m hy & 5t £& V&l i M 1 19 /& B2, = =
50 mhy H W2k B B TE 1) = B r =10 m Ol R IR
Pl Rz i 2k Bl 2 [R) B K S BRE . iRAS E R A K
SHBHAE K 615000 Am?®. & 1 45 s 7 R SRR
HEL AT ATHE R 1 sk 2 =2
PR

x1 #HESH
Table 1 Model parameters

5y 23 ) ZEA R N e
o1 =100 Om p1 =100 Qm h; =30 m
p1 =100 Om h1 =30 m 02=10 Om h;=30 m
{0221() Om p;g:5()0 Om

3.2 Bkod e S0 Y R oR B A0 B R N S

B2 25 A2 ri 1 28 8 1 ik o i) 1o 1 7 BK g
N | R DUE ) T 2 A 4k 40 o 040 R 2 4 5t
FL 2 LR 2R 8 1 ik o 8 FE S R] 230 0 B HE B A
PECE 2a, b, i By R 57 Rk i iz A AR 43 D)4 45
SRR A IT Bl B R s 0 TR LB 2¢,d ] B UL
I FH 22 55 Ik v g 17 1 48 B0 SR B E L R &R B
9 BR i 17 1) R B A2 R R Y. X I R AR
A A0 AD PR RAE R E FE AN 8 b Tk
e N TE c= 0 I 2] s B Ay e A (100 (1D Hh
A 5 R Ry i e R mIAT Y. S8 b A SOF
FHCLO) AL Hh 1y de I 9 20 T 34T 8 Kk S B 1 A



i BR ) PR 2% R (Chinese J. Geophys. ) 56 %

In-line magnetic field Bx (T)

In-line magnetic field Bx (T)

X% Ground
Pl
p: by
. P
py hy=
Z
1 AR EK
Fig. 1 Sketch map of AEM system and
the layered earth model
4.0%x10°
(a)
3.0%10° + Half-space
O Two-layer model
A Three-layer model
2.0%X10°
10°F
0.0 : i
0.01 0.1 1 10
Time /ms
1.2x10"
(© -+ Half-space
O Two-layer model
A Three-layer model
8.0X10™F
4.0X10™
0.0 L 1 "
0.01 0.1 1 10
Time/ms
Fig. 2

2% FL G 4 I W)

4 —HE AR BT 5 ST EOE (1 Lt
M oy

4.1 REBEHSHMBERR

RS IE SRR B e I RO S L R S A
P A 17 14 1 R AU R B, 2% Fugro B9 HeliGEOTEM
ARG W 3 RBEIEZ B N f=30 Hz, ik
PSR 4 ms. AR Y 615000 Am®. K 45 A
HNAUL 2805 B 2 PR AR A dy 3 F A R L
I [ P S S I ) ST 2 PR AR G I I R AR 4
SRLFRATER X Yin S5 gy i o a8 RS R R A
SCHR A SRR R TSR A5 R S LA AT LA R4

3.0X10°

(b)
+ Half-space

2.0X10"F O Two-layer model
A Three-layer model

10°F

Vertlcal magnetic field Bz (T)

0.0 :
0.01 0.1 1 10
Time /ms
2.5X10™"
(d)

~ 2.0X10"f
=
it
Q
)
E 2
= 1.5X107"7°
]
°
<
5
g 0" + Half-space
§ O Two-layer model
E A Three-layer model

5.0X107"F

'

0.01 0.1 1 10
Time/ms

P20 PR A Jo 114 Sk nfr iy Sz 01 5 B8R g 7
() F(b) S o Fl = J5 [ 8 375 19 Jjk i 13z T Co) F (D S o Fil = 5 18] i 375 19 B BR i 1z

Impulse and step responses of AEM system for a layered medium, where (a) and (b) display

the impulse system responses, while (¢) and (d) display the step response.
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Fig.5 AEM full-time B responses over a layered medium for a half-sine transmitting wave, where (a) and (c) are

magnetic field responses calculated by convolving the transmitting current with step response, while (b) and (d) are

calculated by convolving with impulse response.

B S SYERE ST SRR EA.
5 =Y b SRR B R

T E SR AR O BT = AR Ak
P8 s TSSO 2 P 0 D L. A SR ) 430 3R S A 9 A6
PR AT Raiche!™ i i3 &2 R IO 25 s Ak
PR R BRSO B R — IR S 1 G &R SR i S
HUAR AR R U 0 A O 3 S A A RO HE I
A PR B0 3 0 2 F ik AR 8 4 A 3R R . G 3 5
IR AR+ K 2R T 14 B3R ) SO A ) I () 35K 5 3 5 A
S Sk R R TR BCHL S RO B R S L AR A
P e o S 8 722 L 2 W
5.1 Z#BBRSHNAR

TBCBE T T AP A S DR T = 4 S W R IE

T A ARG S RO 1L R =4k H b iy 1
W d . BRI A B 100 Qm. F AT 43 5
THE T PR B0 < 7] — B BE A R H AR AR L B 2R o=
1,10,100 Qm, J [A] — Hy B AR 7] H AR R IR E d =
10.30.50 m. RIEFH LML A 50 m X 50 m X
200 m, IEE AL IR A 432 5 m X5 m X 20 m (¥
HLTT.
5.2 = 4Eth B4 B BB WL M R

Pl 8 2 th = 4t 3 7 1A 7E 7] — LB % p=1 Qm
AN TR BE B B R ) 1 1 P 9 2 = A B BT AR 7 T [
—VRHEE d =230 m, I AL BH AN [R] 0] fry H v 1oz . R AT
T 2 GE 0 B BR e 7 5 & SR AT R B S
Mz Jy G B ML dB/de m )iz, &l 8a, 8b
FE 9a.,9b A LU B0 5 80K, 150 B 4t W 40 1]
A2 GRS 20 T 40 BRI T R AR L 38w &1 vf



9 4

FRCAR AR A5 < I W) AT 2 L T AR 8 A 4 W I S A 4

(a)
3.0X10°4
+ Half-space
R O Two-layer model
A Three-layer model
22.0x10°
=
=
=
A
=]
2
= 10°
K]
0.0
Lol Ll Ll
0.01 0.1 1 10
4.0X107
(©
- + Half-space
R O Two-layer model
3.0X10" A Three-layer model
i—‘: 2.0X10°
<
N
A
kS
®
2 107
2
0.0
_10~5 Ll Ll Lol
0.01 0.1 1 10
Time/ms
K 6

3159
4.0X10°
3.0X107
2.0X10°
£ 10°
g
9 0.0
()
g
= -10°
2.0X10°k + Half-space
O Two-layer model
3.0X10°L A Three-layer model
'4~0><105 Lol Lol Lol
0.01 0.1 1 10
2.0X10"
(d)
£
3
Ny
Q
S
I
2
= + Half-space
O Two-layer model
100 A Three-layer model
.2.())(10" Ll Ll Lol
0.01 0.1 1 10

Time/ms

UL 2 PG 2 IR A T I 3R R IS B/ dle B R

Ca) Fl1 (o) J2 ) FH 28 452 W SR o g 32 47 98 AR T (o) AT (D) J2 ) Y 2% 498 Ik v i )37 32 15 8 .

Fig. 6

AEM full-time dB/dt¢ responses over a layered medium for a half-sine transmitting wave, where (a) and (c¢) are

dB/dt calculated by convolving the transmitting current with step response, while (b) and (d) are calculated by convolving

with impulse response.

PAFE = J7 0 IR EL EE o 7 ) W@ (6 28 A0 g ) — > R0
P x5 —4E 2R TR SR LB 8c.8d Tl
LA A [ RO RS AR TCIE TR RGN, dB/ dr id &7
BN B b 75 AR b R ke, Toig ) T R 4o
AR H i, B R dB/de Z [ A AR GF B ARGy /
FREER AR,

6 4% i

ARSCHEFE T o 18] R0 2 AL i 2 48 Wi 7 4 i S
i T 7 4 T JER S AN [ X R G L I R B A
B Al dB/de W) HLRE I BL 25 T — AR E R, B
Z ARG A TR TR R A AR E L IR AR 4
WARFF T WEY B FIRGIEIY dB/de i) — B R &R, 3L

gy R A OGE T — e B A doE T =
Y 52 2% b TR A TR VL 14 O 7 Y L A AL

B AU 285 SR AT DL o O 2 T8 A HL ) L 1
HL R TRl 223 i A 5 0 R 22 . DR T LA R B 4R
TR JBE T 1 23 B =4k 5 A B 16 Con-time) L
o WD IO 548 5 LR S5 R ) S v A AR BB TR G
RS8R AT 2 FL 2 0 S UL R A R o TR B M R R
TR

LB A H IR AR SCHR A R0 R R S B
BER M) 7 1 SRS FRL 3L 1) 3 80 A AR AR = v T
IO AR H R S B AR Y Y 1E ST AR X S PR ke
W« 1 et ZO HBEAT LA DT A 21 H S oA AT
THE M AT 2 H e

BUAE PR — i ) JEL B e 5 ) P A 2 P AR



3160

H Bk ¥ B % R (Chinese J. Geophys. )

56 &

In-line magnetic field Bx(T)

In-line dBx/d¢(T/s)

20m
y
30m
v
Y
d
200m
100Qm 4
v
'%:m
>
50m
B 7 = b o A AR A

Fig. 7 Three-dimensional geological model

4.0X10™"

2.0X10™

0.0

-2.0X10™

Ll I

Ll Ll

-4.0X10" .
0.
6.0X10°

0.1 1 10

4.0X10°+

2.0X10°

0.0

Ll Ll

0.01

0.1 1 10
Time /ms

Ge R OHLAE AT 2R i o BE I AR A3 1 2 5 £ 5 kA
B S AL BT 3 A0 AR G B R ) L A R AROR T
ST 2 L 2R 8 2 T Sl L 7 3R R R R 11 B
FEIT 1Al

Bl AR X S X AR SO Y A
A e A R R AR ) Y B SR SR I X 6 e A
XA SR H 46 A0 L 3R 3 S

S 3L #k (References)

C1] smasl, Dafh, G mEE. Ml as kA8 o g 2 i 4 i 00
FHARTHR 7 k. Bk B2 9 . 2010, 25(5): 1657-1661.
Qiang J K, Luo Y Z, Tang J T, et al. The algorithm of all-
time calculation of apparent resistivity for Airborne Transient
Electromagnetic (ATEM) survey. Progress in Geophysics
(in Chinese), 2010, 25(5): 1657-1661.

W MIFEZ . SRR TT. AU ROE R R R IUIR. Bk 0T
WM, 2006, 21(1): 40-53.

2]

Lei D, Hu X Y, Zhang S F. Development status quo of
3.0%X10”

L (b)

2.0X10”

<

Vertical magnetic field Bz(T)

-10°
L + 10m
0O 30m
9
-2.0X10 Ron
23.0X10° Lol Lol Lol
0.01 0.1 1 10
5.0X10°

4.0%X10°

3.0X10°

2.0X10°

Vertical dBz/dt(T/s)

0.0

0.01 0.1 1 10
Time /ms

Ll Ll

-10°

Bl 8 [l — o BH 3R AN [ 4% B2 = 4 b 5 A 14 i 2 Hy 0 i g

Fig.8 AEM responses for a three-dimensional geological body with the same resistivity but different depths



9 1

JBEAR AR A5« ] e 25 L AR 9 I 7L 4 I L A AL

3161

(3]

(4]

(8]

2.0X10™

In-line magnetic field Bx(T)

10+  + 1Qm
O 10 Qm
L A 100 Om
-2.0X10™" Lol Lol Lol
0.01 0.1 1 10
-6 (¢) + 10m
3.0X10" A O 10 0Om
A 100 Om
’(’T -6
EZ.OXIO
3
=
A
=l
3
=
=5 10°
S

0.0

Ll Lol

Lol !

0.01 0.1 1 10
Time /ms

& 9
Hg. 9

airborne electromagnetic. Contributions to Geology and
Mineral Resources Research (in Chinese) , 2006, 21(1): 40-
53.

A2 BE. WA A R R, KV PR RS RRAE . 2007,
Niu Z L. Principle of Time-domain Electromagnetic Method
(in Chinese).

House, 2007.

Changsha; Central South University Publishing

Smith R. Airborne electromagnetic methods: applications to
minerals, water and hydrocarbon exploration. CSEG Distinguished
Lecture Tour , 2010.

Dobrin M B. Introduction to Geophysical Prospecting. 3rd
ed. New York: McGraw-Hill, 1976.

Nerson P H and Morris D B. Theoretical response of a time-
domain airborne, electromagnetic system. Geophysics, 1969,
34(5), 729-738.

Annan A P, Smith R S, Lemieux J, et al. Resistive-limit
time-domain AEM apparent conductivity. Geophysics, 1996,
61(1): 93-99.
Morrison H F, Becker A, Hoversten G M. Physics of

airborne EM systems. FExploration Geophysics, 1998, 29

Vertical dBz/d¢(T/s)

2.0%X10”

Vertical magnetic field Bz(T)

-107 1 + 1 Qm
O 10 Qm
[ A 100 Qm
-2.0X10” Lol Lol Lol
0.01 0.1 1 10
4.0X10°
L @ +oom
0O 10Qm
3.0%10° A 100 Qm

2.0X10°

[9]

L1o]

[11]

[12]

[13]

0.0

Ll Lol

0.1 1 10
Time/ms

Lol |

-10° L

M VAR A [ — A% R LA A ] v BEL 5 A UL 2 T )

AEM responses for a three-dimensional geological body with the same depth but different resistivities

(2): 97-102.
Barongo J O. Selection of an appropriate model for the
interpretation of time-domain airborne electromagnetic data
for geological mapping. Exploration Geophysics, 1998, 29
(2): 107-110.

Balch S J, Boyko W P, Paterson N R. The AeroTEM
airborne electromagnetic system. The leading Edge, 2003,
22(6): 562-566.

Yin C, Smith R S, Hodges G, Anne P. Modeling results of
on-and off-time B and dB/dt for time-domain airborne EM
systems. Extended Abstract, 70th Annual EAGE Conference
and Exhibition, Rome, 2008, 1-4.

AMESRE, POREE, EAE R BA M b A i I I E
HERY) B4R, 1980, 23(2): 207-218.
Piao H R, Sha S Q, Wang Y L.

electromagnetic response above the surface of a homogeneous

Time domain
earth. Chinese J. Geophys. (in Chinese). 1980, 23(2). 207-218.
L0 N o S S EI O N 1 7 g v e )
HERYFE R . 2003, 46(5); 719-724

Luo Y Z, Zhang S Y, Wang W P. A research on one-



3162

H Bk ¥ B % R (Chinese J. Geophys. )

56 &

[14]

[16]

dimension forward for aerial electromagnetic method in time
domain. Chinese J. Geophys. (in Chinese), 2003, 46(5):
719-724.

B 58, 351K I b A 2 S5 e 1 TR P 6 M T
fifik. B T2 BEoFdi . 2005, 25(1) . 14-18.

Run B Y. Digital filter method of evaluating electromagnetic
field from a vertical magnetic dipole above the homogeneous
earth. Jowrnal of Guilin University of Technology (in
Chinese) , 2005, 25(1): 14-18.

SN MR . — T S ] e R v — B K ol
WG R Iy . HBERPYBLAE R . 2010, 25(6) : 2137-2143,
Wu X P, LiuJ X. A generalized time-domain electromagnetic
sounding — the § function electromagnetic sounding. Progress
in Geophysics (in Chinese), 2010, 25(6): 2137-2143.

FipE, £5 5, MRS, .0 E T L B A
HL R T 0 A A o 2R T F 9. M ER ) BAE AR 2011, 54(9)
2397-2406.

Wang S R, Wang Y Z, Sui Y Y, et al. A bird calibration

(171

(18]

(191

[20]

[21]

device of helicopter-borne TEM with concentric bucking loop.
Chinese J. Geophys. (in Chinese). 2011, 54 (9).

2406.

2397-

Yin C, Hodges G. Simulated annealing for airborne EM

inversion. Geophysics, 2007, 72(4) . F189-F196.

Yin C. Electromagnetic induction in a layered conductor with

arbitrary anisotropy [ Ph. D. Thesis ] Germany: Technical

University of Braunschweig, 1999.

ARG AR R R SR . bt bR AL . 1990,

Piao H R. The theory of Electromagnetic Sounding (in

Chinese). Beijing: Geological Publishing House, 1990.

i, Ak, skER. FORTRAN 77 Sk T dbae:

B2 L, 1993,

He G Yu, Zhou Y B, Zhang G F. Numerical Recipes in

Fortran 77 (in Chinese). Beijing: Science Press,1993.

Raiche A. 3D EM modeling using

algorithm, AMIRA Project Report P223E, 2001.
CRSCHE 10 1)

integral equation



