55 46 %45 2 W] Y w5 & #® Vol. 46 No. 2
2022 4F 4 A GEOPHYSICAL & GEOCHEMICAL EXPLORATION Apr. 2022

doi: 10. 11720/ wtyht. 2022. 1382

P RN, CSAMT — 4t 1E 38 nl BUAL S S5 R R ARARON [ J] . IR S5 104K ,2022,46 (2) :459-466. hitp://doi. org/10. 11720/ wiyht. 2022. 1382
Zhong H,Tang X G. Visualization design of 1D CSAMT forward modeling and research on the induced polarization effect[ J]. Geophysical and Geochemical
Exploration,2022,46(2) :459-466. http ://doi. org/10. 11720/ wtyht. 2022. 1382

CSAMT — 4 1E 8 A ML BT 5 i Ak e AL 3800

/i‘i:,i'yil,Z,%%‘zﬁ_%l,Z

(LEAFRRGHREAR HERBELLRE(KITAF),#d RN
430100)

A AL T R A BT S Ak X

430100; 2. KT K% FEHFH

85 BT IR UK M HURET (CSAMT) TR T 45 CSAMT — 4 MCH IES AT UACARPE . LS A2 0, R
L T MATLAB JIEFFREU S A 405 | TE VD S5 FE| AR P 7 RO DS AR BUAMSIER TR IR 2
W RHOTRADRIERE T T WA 6T Java 7 T A R, B2 MO A, 1 9 PRI 5 0 4
A 22 FL IR SRR AL S S B VLML P E ST E R LA Cole-Cole BB H, A LB LB AR
51 M A 00 40 P HUBLR X CSAMIT S0 — AR R A T BRI T TR, 18 T H L2 5 B
TR — 4 2RI AN . B3 % LB A SR TR , B A0 % T CSAMT BRI A5, 3%
XTI L0319 CSAMT J7 o 0 o R A, P B S 5 ARy T LA T M0

RSBIF . — 2 E U DU R AR AT AL PR R AL s Java
TEHE . 1000-8918(2022) 02-0459-08

HESES . P631 ZERARIRAD; A

0 5|5

AT YR A0 K Tl H 1 72 ( CSAMIT) S — Ffi i %
Sof FEL R R i e ol T A b 4 RO 7 [ 2
FNTAG SR, I3 1o 28 P 3 ok 77 A S [) A F
WEAR S, CSAMT SR TR, R R AR A T
MR L SE AT Sk, 0 I A GE TR | AR 4 U
MR TR bR B S A0S Ry U S T B
Z—.

H AT, B PN b 2 B A %o T s 5 40K i FeL
IR — RIVGE, F I R T —4E 2 =4
() 1E S ARy, FLr A 45 1l [R) PR 1, AT 45 1) S
() AE R SEARER A DA R 0 5 B AR S Bin , A
AL AR Z . 5 RGBT, ZEFE 7 b
K Il A ZAU 7 AL B BGAZS 5y 4, A SCE
X} MATLAB 2’5 i B3R 17, 38 3 8 AT AR Jar
A, BHETE Java 1 g 5 0N HIRR A, SEEE T AE

Rs BHA. 2021-07-12; €EIHHA. 2021-11-05
HETH. BEARBEILEIH (41874119,41674107) % B

VTR St T v e A T A B B DA R AR
AT RER 3 HL L CSAMT — 4 iF 3 FE ) 0
1), AR TR DI RE ARG S B0 RS K Java 1
Fr ottt LIS B e nT AL B 8, e 1At
18T B AR AR Ko — LAY )52 1

1 JrikE

1.1 KEBRNREBEBRFIE

HL R AR T U5 R AT PR A A B 1 S 2 ik AT AR
FEL L, A e A A L R I I R b T ST A A
RO, ACE AR T L i e A AR 3% 1) b
AL 1 frs, Hedp N 2K ZRA B ES n
JZ Y LR N2 BE 2 B p, AR, LA
W rC R AR R T A, o A ] (R AR 7 1), 2 e
ELWIR o A AR A T EL A A AR R 22 TR) B e 4 O
R AFBIMERRSSM T B AR R P b R B R
Gan O F 37 W

F—1EE . B (1996-) , 2 DU, BT 58 4L, AF5E 07 ). ARG AR S5THEML, Email :3332706538@ qq. com
WIESE . FHTTI(1968-) , 5 DU, Wi+ . WF5ET7 Il LRG0 L EE 0 DR 5 A DB S5 3R ) 1% . Email ; tangxg@ yangtzeu. edu. cn



. 460 - w5 £ B 46 %

IdL(i ® mm
b = (i) m * +( ! L m *)'Coszgo e J,(mr)dm +
2w o|m+m/R kR m +m/R
IdL(iww) » 1 m,
. - ——cos2¢] dm
- jo m ot m /R k%RLOG ¢J,(mr)dm
IdL = (m m
= (: . L* - cos’ _7: . m*) < Jo(mr)dm +
2770 \R* m +m/R R™ m+m/R
IdL (= m
— |\ 2¢ - dm ;
o) (m N m,/R*)COS @+ J,(mr)dm

m
R™ = coth [mlh1 + coth™ —coth (m2h2 + o+ + coth™

m,

m,p,

R = coth [mlh1 + coth™

myP,

P1

P2 o
PR

A

E1 XFEERNMRENBBRFHEERRE
Fig.1 Schematic diagram of electric dipole horizontal

layered medium model
TR JE A R BEL 3330 2 3R] SRATAN [ 3 3 1
AL B B
p. =i| E/H 17,
W

AP RA R R R A Z A S HO s %G 1L A
AR 5 S AR 7 1] S5 A B P B A LR 2
]I 5 r U IR s 0 AR s a8 S
G u=4wx107 H/mym (93 R SOR 28 FATR
HA RSB, m, = /m®+k] k] = —iwu/p,  k,
N LA RAER R, p, A JE B R
Jo(mr) F T, (mr) G350 LA mr S 78 55 () 22 B DL 9E 7R
PRISCFT — 7 D1 2R pRER
1.2 Cole-Cole #EIH5| N

TEALGE R AT 45 U A RE R WIE SR b Gl R
R FL B A — A SRR TE I S, SebR b i T
RS MR AR IR A7 A, KIS Fhs (07) A 7E32
PR IR I 2377 A R R AR RO A0
SERLE ELSE A R 22

Xt T RTANE 32 0 AR s 0 0 R i A

mn*l
’
m,

p mn— pn—
coth (m2h2 + -+ + coth™ #) ] o

mp,

e B 12 1Y) Cole-Cole FHY | DL 4 Hi, fH %
PR B A0 L B3R, X CSAMT 37538 — 4k JZ IR A
AT IE AL 2 5 FO A B il £ 4 A £k
oL, RBAWT .

. 1
p(iw) ZPO{I - m[l _1+(1wr)“ ,
K p, HEH LR, m AR ALE, r ]
W, ¢ FAEE L B R BT R AL AR BE AR 56 R B,

2 GUI #&it

H CSAMT — 4 JZ 4R A58 1 3E 47 1 18 T 5 A9 20
P | 38 ok R H P AL (graphics user interface , GUI)
PSRBT A (8 2) , XA s Al
A7 Z27E MATLAB 65 ok [0 2 R MUE S48
BRI 3 T 0 A, RRAR T A AR

|£] 1D CSAMT Forward — O X
[‘#mpRE | Bostick | ColeCole | il
b Sh =] S S Sh
IRAHE 3000 ks 14000 mE 45
SR 6147 @ 120140 O RS 20
e | om [ e ]
1 [oe [025 [10 s
EnE: m
HRSE

E2 SEEARE
Fig.2 Parameter input interface
WK 2 PR, #e 8 JLabel b2 4104 R 2l L
HLBH AR 2 il il S 800 24 B, UBE S P % A



2 eSS . CSAMT — 4 1E 3 n] Ak 8115 3 & iR AR R, . 461 -

DB T TTextField SCAE 2L 6k B
AR RS AR SE 5 45 JButton FZ4H A
PEE TN MouseEvent i Wr 54, 4 JT Bl br s i« &
A" e JFileChooser SCFRERRAE , WK 3 Frs . Bl
Ji AT DA T2 A G g 8 (R 50808 S A, e B )2
JRJESE

O

[_11[ SAMT Fo —
i

&)477F X
-]

AP |E Documents

=3 Corel

[ MATLAB

=3 Python Scripts

[ Visual Studio 2015
3 X Office 18R

wiEm: | |
St m: A [+]

B3 SANHEERE
Fig.3 Import file selection interface
2 BUbR s i W F LI, AR S A A A Y
SRR MERA TR 2 3R i, 2R
i A RIS EOCH, anlEl 4 Fﬁm

|&] 1D CSAMT Forward — | 4 ‘
WiEpA%E | Bostick | Cole-Cole | Efft |

R Ch EEE % W Sn
e Bk e
HIRED X
ek S
EERE O R smenTem B
EnE
wE | =
1 0.8 £2 &hn
BEE: m c T
i

4 HREFEERTRE
Fig.4 Error message prompt interface
i AR, {8 22 18 2 2 0007 OB B8
Yl b2y MATLAB %LU, 58 it 3 5 22 K 2
AEH, anlEl 5 R

3 IEHEIRE

T AT 5T 2 W B 8] 5 J5ORM 3R AR S48 B0
FLSKNE A SRR /N DRt 5 B R B T e e

&/ 1D CSAMT Forward = a X
2o

cde|0B

10f

- = bt
— 4.1

Apparent resistivity (Q'm)

1w
10° 10* 10° 102 10’ 10°
Frequency (Hz)

5 LEF|E
Fig.5 Graphic interface

REBBORBIAL)Z , BB FEE 7= 1. 0, 4 %K
FHOCHEEL c=0. 25, AL m=0. 8; IR MAL)Z AL T
K2 )2 DL SR Z I 43 500 2 TR R AR 8N
i B SR
3.1 #EE— . KEWE

Er R RN I =2 U2 K R U B 14
km, i ZTE F £= 10° ~ 10° Hz, £ b2 L PR 5 2 5
JEBE I 1 iR,

F1 KUMBENSHIGE

Table 1 Parameter setting of K geoelectric model

K i gkky HL R/ (Q - m) BEIEEE/m
)2 300 300
ER 1000 600
B=)E 200 ®

3.1.1 WALEN FiR)Z

H I 6 FT LA H, SR Ab 207 TR 2 e, LA BH
AT TTWALZ N BA &R, fAEkZ
WA JZ B A0 R B (B 7E 42 0 B34 /N F T AL B 1)
T5TE, TCHB AL B A0 H B 238 (%) A At B A 40 % f =
100 Hz BRI, A7 76 B P Bt 490 R BEL A5 (i D0 ] {1 430
Ii# , HBLTE =10 Hz BT,

3.1.2 WAfbE T )=

H 7 WA SR 20 F 2R
BELR e % T ToH AL 2 I 0 22 53 U AR 2 07 T
JZI B S )N A AR 2 A R 32 EEARIAE f=10° ~
10° Hz AYFE R, I ELZE 1000 Hz B3 H B T AR A6 A%
AR 040 R BHL 3 % 725 T JC R A BT A9 175 08 i A A
TR RN, 5 O AR ) 00 e, BEL 36 T i 445 S 2
3.1.3  HALEA TIR)Z

8 S b2 TR J2 i (R P e BEL 25 51, v R
IR/ Z = A a9 =31 & S AR =3 A L (397



. 462 - w5 £ B

46 %

104

- — ffdk
— 411
10%4
G 2
<} il
~ it =
§" -
< 1024 T
101 : : : :
105 104 103 102 101 100
f/Hz

E6 KAEMBERARKEMTXREMMERESE
Fig. 6 Apparent resistivity of the K—type geoelectric
model when the polarization layer is located

in the shallow layer

104

- - HHk
—cl 1
103 f
S A il
~
&
102
[ ‘ . ‘
105 10¢ 103 102 101 100
fHz

7 K BUSh SRR AL R A0 T o 8 = AT R A R BE 2R
Fig.7 Apparent resistivity of the K—type geoelectric
model when the polarization layer is located

in the middle layer

MﬁﬁﬁﬂﬁmeﬁT&kwwm b X A5 AR T
SEILRSE AT L2
3.2 =B .HK BHm®
FrPCHR RN A DY 2 2 HK AT Ok B
A R ) SRR —AH[A], 25 )2 HBH R 5 )2 R
BE AR 2 iR
%2 HK MR SHigE

Table 2 Parameter setting of HK geoelectric model

K 254 HBHEE/(Q - m) JZIERE/m
Sz 500 200
oy 300 100
W2 1000 500
= 200 o
3.2.1 HALEATRE

11 9 A] LA HY, HK Y 0B 1 A 40 el B < it 2

104

- = Ak
—— 1
1034
E
5 = 4
g i ~ 7’
~ & BB
&
1024
10! I 1 I
103 104 103 102 10t 100

f/Hz

B8 KEMBEIRHEMNTREMNLEHER
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Fig. 10 Apparent resistivity of HK-type geoelectric
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Fig. 14 Apparent resistivity of QQ-type geoelectric
model when the polarization layer is located
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Fig. 15 Apparent resistivity of QQ-type geoelectric
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Table 4 Parameter setting of HAK geoelectric model
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Fig. 17 Apparent resistivity of HAK-type geoelectric
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Visualization design of 1D CSAMT forward modeling and research
on the induced polarization effect

ZHONG Hua'?, TANG Xin-Gong'”
(1. Key Laboratory of Exploration Technologies for Oil and Gas Resources ( Yangize University) , Ministry of Education, Wuhan 430100, China; 2. Hu-

bet Collaborative Innovation Center for Unconventional Oil and Gas in Yangtze University, Wuhan 430100, China)

Abstract : This study developed a piece of visualization software of the 1D data forward modeling applicable to the controlled source au-
dio-frequency magnetotellurics ( CSAMT). This software has the advantages of friendly interfaces and simple operations. In detail,
MATLAB was used to develop the core algorithms, and linear filter coefficients were introduced to solve Hankel integral in the process
of forward modeling. Meanwhile, the accuracy of schemes using different linear filter coefficients was compared. The operation inter-
faces were designed using Java, and multi-parameter setting interfaces with a high automation degree are available. Moreover, the data
processing results can be intuitively provided to users using the drawing function of the software. In the calculation process, Cole-Cole
model parameters were introduced, and complex resistivity was used to replace the DC resistivity without considering the polarization
effect of geoelectric bodies. Furthermore, this study carried out the forward simulation of CSAMT field source on a one-dimensional lay-
ered model of induced polarization (IP) media and discussed the IP effect of one-dimensional layered media with polarization layers at
different burial depths. It was found that the frequency band of CSAMT affected by the IP effect widened with a decrease in the burial
depth of polarization layers. This result is crucial to understanding the electromagnetic response characteristics of the CSAMT method
with IP effect and improving the convenience and efficiency of data processing.

Key words: 1D forward modeling; Hankel transform; visualization; induced polarization; Java

(AR ST RS



