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[ Abstract] The boundaries of underground geological bodies are effectively highlighted through gravity inversion based on a typical
focusing stabilizer, but this process is significantly affected by the focusing factor. The focusing characteristics are possessed by the ex-
ponential focusing stabilizer. To a certain extent, the issue of selecting the focusing factor can be circumvented by it, and it has the po-
tential to have improved the effectiveness of three-dimensional gravity inversion. Furthermore, the multiplicity of solutions in inversion
can be improved by the constraint imposed by the penalty function, which confine the inverted physical property values within a certain
range. Based on this, in order to explore the improvement effects on three-dimensional gravity inversion by the exponential focusing sta-
bilizer and penalty function constraint, the exponential focusing stabilizer and penalty function were incorporated into the three-dimen-
sional gravity regularization inversion objective function. Comparisons were made of the effects resulting from three-dimensional gravity
inversion, both with and without the involvement of the exponential focusing stabilizer, as well as with and without the application of the
penalty function constraint. Model experiments have demonstrated that: the physical properties and spatial distribution of anomalous
bodies can be accurately restored by the exponential focusing stabilizer, but there exist instances where false anomalies arise and physi-

cal property values surpass the true values. Situations like these can be improved by the exponential focusing inversion that is based on
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penalty function constraints. Furthermore, the accuracy of the solution can be enhanced by the zonal processing of penalty function con-

straints. The above situation indicates that the inversion method based on the exponential-type focusing stabilizer and constrained by

penalty functions has certain potential to be generalized.
[ Keywords ]
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Fig. 2 Slice plot of inversion results of different schemes of single cube model

200 ~400 m [ X3P, B FEAFRIERH -1.0~ 1.0
g/em’  HARIX I B HGE R - 0.2 ~0.2 g/em’,
DUFP 200 R TS SR UL S FR

H R EEER, ME 5 (c) F5(d) fin:
TCREE w2 LU TR T )y = 4 i T e L3S L AR AR
FIER ST -0.6 ~0.6 g/em®, HEF /34
TE100 m DAy, R BRESE R, E 5 (e)
5 (F) J7 . 6 08 3 A I 1 245 S LA B Ay 1) R 4
€ ISP A |- R =1 1 3 Rl = RS M (£ )

L, TR LSS, A 5 (g) B 5(h) T
7N BT B ST oA B2 R T8 RO R A R TR I %
fH, AR FARIE -1.0~1.0 g/em’, R
SR WNE 5 (i) B 5(G) B e PR T S0 R
TEE R BT X AE ST oR B2 R H BB R A
F SSRGS AT 6, FTLUE Y, Y
Pl SR AR 15 22 il R 7 T LR BRI 2 TR
PR AR A BB AR A S, Ho A = oy
T AR I B E TR R R AT

ML . www. stae. com. cn



2025,25(3) BRSCR 4 TR AR B AR R A A PR 2 SR B ) — 4R S T 897

08r
— JoRERR
— RYIRAERER
06 — REAIRAERE S+ E T AL
: —— TR R AR 4 DT R 2L
5
=04
iy
02 \

0 20 40 60
BRI

K3 akfiRzEmZ

Fig. 3 Curves of RMS iterative error

K4 XU ARRE R ST AR A

Fig. 4 3D structure diagram of double cube model

TN 0
200 ¢ =
0 [N}
400
100(5)00 : 1000 .
t [ [ 000 t I [
200 9200407 "800 2 200407 600
(a) WA R B I 1) iz 5 ) B AL A B0 (O) BB AL 1y I 11 B
0
200
g 5
400
1000500 - - : - 1000 —— .
i [ 800 1000 500 ¢ I 800 1000
2 070 200 409 600 2000 070200400 600
(O)Ji X J7 [ A2 J7 [ LA DI ()T R—My i)
0
200 £
Ny
400
1000, .
—5— [ 00 1000
%, 0 760400600

(e)J5 R Wy J5 ANz J5 17 A LA Dl

00 4'g9m 5003
x/m (R =My )5 MR

(@) R= My A7 1 AL BBl

. 0
200 -
1000 - . 400 = -
25,300 070200 400 00 800 1000 2000 200 400 600 800 1000
“% x/m 2 x/m
()77 S0 fgx T3 ) ANz 18] W 25 D) (O ES LNV AL

plgrem™)
L1 13

-13 -1.1-09 -0.7 =05 -03 -0.1 0.1

K5 BOJARRERIA [ 7 58 S 3 45 501 A 1

Fig. 5 Slice plot of inversion results of different schemes of double cube model

03 05 07 09

¥ FE Mk . www. stae. com. cn



B e & 5 T R

898 Science Technology and Engineering

2025,25(3)

0.8

— RRER
— R

06 O AR B 4 K AT

B iRE

0.2+

2 '
YR
Ko kfRiRzEM

Curves of RMS iterative error

Fig. 6

S UL BRI R A58, i LA I O E
TR ) =R RGEE  FIRBLR B OR B
28 TR R A RO AT LIRS ARAIOCR (B i
JARY IR, A5 R B2 SR0T U S 38 A W 1 (E
PRAES BRI N, 20 DX ST R 8 2 oRORT LS B
BRI

3 #Hig
ARSCSCPL T e TR RO R AR RS E A AT ST R

KRR = 4 F 7 IR WAL B, T TR AL
5, TR I R Ehie,

(1) F5HOR R FEAGE A9 1 T ) = 4k i
A BRI T iy e B RAT W 2 0 R A

(2) T AT eR B2 A 45 BOM 2R i B vl LA
PR S 25 SR A — B G L Z N, e, 23 DX
TEST eREZY on] LS B SE A A AL I 20

T LA A0, AR T R RO (X A e 07
{%u&uﬁ%ﬁmﬂﬁl¥ﬁﬁwwl?m%ﬂ

PRI R EAR I — I T T
& % x #

[1] Last B J, Kubik K. Compact gravity inversion [ J].
1983, 48(6) . 713-721.

[2] Portniaguine O, Zhdanov M S. Focusing geophysical inversion ima-
ges[ J]. Geophysics, 1999, 64(3) ; 847-887.

[3] Zhdanov M S. New advances in regularized inversion of gravity and

Geophysical Prospecting, 2009, 57(4) .

Geophysics,

electromagnetic data[ J].
463-478.
[4] Zhang L,
sional magnetotelluric inversion with a minimum gradient support

189 (1) .

Koyama T, Utada H, et al. A regularized three-dimen-

constraint[ J]. Geophysical Journal International, 2012,
196-316.

[5] XUA, XS, BRive. BT A5y oy = 48 R M S0
[J]. Bl2EiR S TR, 2020, 20(30) ; 12332-12341.

Liu Xing, Deng Juzhi, Chen Xiao. Three-dimensional focusing in-

*QEMﬂJZWWW

version to gravity data based on inequality constraints[ J]. Science
Technology and Engineering, 2020, 20(30) : 12332-12341.

(6] HTH, FIEE, Wtts. ARG R — 4 R i peot i R4

SCERAEFE[T]. A s B B R, 2021, 56 (4) : 902909,
677-678.
Bai Ningbo, Zhou Junjun, Hu Xiangyun. Two-dimensional magne-
totelluric smooth focusing inversion based on optimization strategy
[J]. Oil Geophysical Prospecting, 2021, 56 (4): 902909,
677-678.

[7] HuM, Yu P, Rao C F, et al. 3D sharp-boundary inversion of po-
tential-field data with an adjustable exponential stabilizing functional
[J]. Geophysics, 2019, 84(4): J1-JI5.

(8] JAEH. ol r RETE = 4E 4% 1) 5 M A7 R G IE 38 M S T8 AT 5
[D]. . EME RS, 2023.

Zhou Junjun. Three-dimensional anisotropic element modeling and
inversion of magnetotelluric data[ D].
Geosciences, 2023.

(9] m5HEy, BURME. JET MR B 3wk i B 16 B RS = 4k 2R 45

SOEBSE[ )], MR AR, 2017, 60(4) : 1571-1583.

Gao Xiuhe, Huang Danian. Research on 3D focusing inversion of

Wuhan: China University of

gravity gradient tensor data based on a conjugate gradient algorithm
[J]. Chinese Journal of Geophysics, 2017, 60(4) : 1571-1583.
[10] Blaschek R, Hordt A, Kemna A. A new sensitivity-controlled fo-
cusing regularization scheme for the inversion of induced polariza-
tion data based on the minimum gradient support[ J]. Geophysics,
2008, 73(2) : F45-F54.
[11] M. 2D ERGGRIENALER G AT [D]. i
2%, 2016.

Zhao Chongjin. Regularized joint inversion of 2D gravity, magnetic

: [EBER

and seismic data[ D ].

[12] 3—2%, WaESC FETHE 0N B A H E 4% 09 Hb H 1 00 ¢
W), TLPURME, 2019, 37(6) : 890-893, 967.

Guo Yihao, Zeng Zhiwen. Magnetotelluric inversion based on ex-

Shanghai: Tongji University, 2016.

ponential focused stabilizer[ J]. Jiangxi Science, 2019, 37(6) .
890-893, 967.

[13] M:HJD, XBTER, HaER . FETF Gramian 29T A4 M TR 4 B B
AR M]. m.ﬁ? AL, 2022,
Chen Xiao, Deng Juzhi, Zeng Zhiwen, et al. Geophysical joint in-
version based on Gramian constraints[ M ].
gy Press, 2022.

(147 B8, R TR EORAR 8 V2 o 1 J I AS I ) A0 2 0y e
[ C]/72019 4Erp [ MU BRFL 22 06 G 22 AR AE 201 308, Jbat,
Hh A B B M R BT S, 20192 9-11.

Fan Ju, Xu Ya. Reweighted regularized gravity inversion based on

Beijing: Atomic Ener-

new exponential stabilizer functional [ C]// 2019 Annual Meeting
of Chinese Geoscience Union. Beijing: Institute of Geology and
Geophysics, Chinese Academy of Sciences, 2019: 9-11.
[15] ﬁﬂj“'F\ o BRI, XBJER, AR =R A R TR A IE Ak S
[C]//@EW“/\F *[ﬂ[ﬂﬁl’(ﬁﬂ?ﬁﬁﬂ%ﬂiﬁﬁﬁ/\?ﬂgm
%,@m:*ﬁﬂﬁ%@%g,mmzmsi
Wan Xiaodong, Chen Xiao, Deng Juzhi, et al. Three-dimensional
C1//The
16th China International Geo-electromagnetism Workshop Symposi-
um II. Shenzhen: Chinese Geophysical Society, 2023 : 81-85.
[16] Meng Z H, Xu X C, Huang D N. Three-dimensional gravity inver-

sion based on sparse recovery iteration using approximate zero norm

magnetotelluric inversion using a hybrid regularization [

stae. com. cn



2025,25(3) BRSCHR A T HE BN B AR AR A AT R B2 SR B ) = 4 899
[J]. Applied Geophysics, 2018, 15(3/4) ; 524-535. FLREFIEE JJ B9 Gramian 29 RHEG S [ J]. bR B2 4%,

[17]

[18]

[19]

[20]

[21]

Joulidehsar ¥, Moradzadeh A, Ardejani F D. An improved 3D
joint inversion method of potential field data using cross-gradient
constraint and LSQR method [ J].
2018, 175(12) ; 4389-4409.

Li Y G, Oldenburg W D. Fast inversion of large-scale magnetic

Pure and Applied Geophysics,

data using wavelet transform and a logarithmic barrier method[ J].
Geophysics Journal International, 2003, 152(2) ; 251-265.
TR, WY, SRR, . BT LR T B AR
YRR IR B SR P TE[] . HERY B UE R, 2016,
31(1): 360-370.

Wang Zhi, Pan Heping, Luo Yuhu, et al. 3-D hole-to-surface re-
sistivity inversion with nonlinear conjugate gradients method under
the constraint of inequality[ J]. Progress in Geophysics, 2016, 31
(1) : 360-370.

WKL MR BRI A S T R L SRS WFSE [ D ]
M REIT R, 2021.

Zeng Zhiwen. Strategy research on joint inversion of magnetotellu-
ric and gravity based on wide-range physical properties constraints
[D]. Nanchang; East China University of Technology, 2021.
WS, BRIGE, VTV, 45, RlA SET B I 2 RS ms 1) R b

[22]

[23]

[24]

[25]

2023, 66(11) : 4792-4804.

Zeng Zhiwen, Chen Xiao, Han Jiangtao, et al. Magnetotelluric
and gravity joint inversion using Gramian constraints integrated
with strategy of wide-range petrophysical constraints[ J]. Chinese
Journal of Geophysics, 2023, 66(11) : 4792-4804.

Bre, v isc, MOERE, 45 T ARZEA Gramian Z95 A MT
MEHFEWACEES R [T]. WS, 2023, 47 (3)
575-583.

Chen Xiao, Zeng Zhiwen, Deng Juzhi, et al. Regularized joint in-
version of magnetitelluric and gravity data based on inequality and
Gramian constraints [ J ]. Geophysical and Geochemical Explora-
tion, 2023, 47(3) : 575-583.

Zeng 7, Han J, Wang T, et al. 3-D sequential joint inversion of mag-
netotelluric, magnetic, and gravity data based on coreference model
and wide-range petrophysical constraints [ J]. IEEE Transactions on
Geoscience and Remote Sensing, 2023, 61 ; 4506213.

Li X, Chouteau M. Three-dimensional gravity modeling in all
space[ J]. Surveys in Geophysics, 1998, 19(4) : 339-368.
Zhdanov M S. Geophysical inverse theory and regularization prob-
lems[ M]. Amsterdam:; Elsevier, 2002.

ML . www. stae. com. cn



