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Source separation based on improved two-dimensional
variational mode decomposition
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Abstract: Using the continuation method, it is difficult to determine the upward continuation height of
the upward continuation and shortcomings of the deep source signal loss caused by continuation when
the magnetic data of magnetic sources with different depths are separated. A separation method for
magnetic data based on improved two-dimensional variational mode decomposition was proposed to
solve the disadvantages associated with the continuation method. First, the magnetic data was
separated for the first time using the best continuation height estimation method to obtain separated
local and regional magnetic anomaly data. Subsequently, a two-dimensional variational modal
decomposition was used to perform a second separation of the separated shallow local magnetic
anomalies. The process did not need to calculate the upward continuation height and could
automatically separate magnetic data at different frequencies. Finally, this method was used to identify

magnetic sources with different depths. By separatingthe magnetic anomaly B. component and
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converting it into magnetic gradient tensor data, the magnetic gradient tensor data for magnetic

sources with different depths could be separated, and the identification of magnetic sources with

different depths was obtained. The experimental results show that the correlation between the

separation data of small-scale magnetic sources (26 cm height difference) and observation data for a

single target in an actual measurement is greater than 0. 966 4. Compared with the traditional

continuation separation method, the proposed method has a higher separation accuracy and stronger

anti-interference ability.

Key words: continuation method; separation; two-dimensional variational mode decomposition; local

anomaly; regional anomaly
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Fig. 10 Separation results of magnetic source magnetic anomaly B. component

®3 FASEHENIEER PR SR A 0 ) MR B BK B B 5 B A REHEAT I

Tab. 3 Separation results of different separation methods

B ARAS BORE AR E 5K B oy B R IXCBCSR AU 5 R

Jr ik REMECHE  RMSE(X100)  HAHX PR SR B AN 11 Ca) ~ P 11D TR . TR
EI X 3ok 5 1.675 4 0. 9887 WREESXE S5 THDR, (54 R 0A
I N 00613 1) ~E 11D R, WA RTUE N,
’ ’ TE 47 85 2Z 00 T KT B AR R 5 R 48 s TR & 7
OGO PHGEE - LET06 09706 B T4 e B I SR 0 4 A
SR S 1.870 6 0.944 3 frE . 38 G R AR S0 B EodE R AT AR BT LA
K KR 0,750 6 0,990 9 RARAT AN 7] R B W U5 1) S PR A A Bl . SR R
B, AR SCO7 IR RE 8 4 TR P i R g B R AT
Jr B 0.750 6 0.966 4

RO . RSB RE NS N T AR S R . T

(nT-m™) (nT-m™) nT-m')
2 2 4 000
2 000
- e 8
£ £ £ -2 000
§ -10000 ~ -5 0007 . 4000
0.5 0.5 -6.000
0 20000 -10000 000
0 05 1 15 0 05 1 15 2 0 05 1 15 2
y/im y/im y/m
(a) EIEHE B, 4 & (b) K7 B, /& (o) JHEhF4 B, 7 i

(a) B,, component of magnetic data

(b) B, component of regional anomaly

(c) B,, component of local anomaly



555 W 4N A5 IR A AR SRS Ay i 0 R 5 1209
(nT-m™")x10* (nT-m™) (nT'm™)
2 1 2 5000 2[F8 )
| 5000
15 ‘ 0.5 1.5 1.5 "i
£ £ g
= 1 0 = 1 0 = 1 0
0.5 05 05 0.5
-5.000
0 -1 0 g ]
0 05 1 15 2 0 05 1 15 2 5000 00705 1 15 2
y/m y/m y/m
(d) %R B, & (e) KIS B, /i (O BE R B, H i

(d) B,, component of magnetic data

~ =10 ~ 10
E e g
£ 3 & 3y
£2 E£2
2 2 1
=l S o

T T

E 2 E 2

x/m x/m

00

() WAl THDR
(g) THDR of magnetic data

y/m

(e) B,, component of regional anomaly

(h) X353 THDR
(h) THDR of regional anomaly

(f) B,, component of local anomaly

THDR/(nT-m)

y/m

(i) JR# 4 THDR
(i) THDR of local anomaly

B 11 ®EEsEFk & B.. . B,. LM THDR

Fig. 11

I 1207 86 B 35 R AT UMLK Y™ 2L TK
DAL X 4 4 LA e A i 80 2R A8 ) AR 2 D

4 % #®

TE DX U5 0 BRI 25 A Jm o St B A
Ty WK B R oA 118 A A 53 RS 4 A B RS
SRy e b B A B O B AROR

(L) ) e 3 e B il 3 9% X il Dt AT —
U B %0 e RE B8 1 H 0 1 DN B0 R AT 4 B O

S & Xk

(1] #eak, 3R 4, K308, . 46 T 20K 5 886 B 7 1)
Theta ¥ #4730 R AR5 5 0 LT ], sk dh 22
F it &, 2019, 34(4):1568-1576.
ZHENG Q, GUO H, ZHANG G B, et al.. Re-
search and application of edge detection based on
full tensor magnetic gradient direction Theta meth-
od[]]. Progress in Geophysics» 2019, 34(4) ;1568-
1576. (in Chinese)

(2] ZZB.ZH.FEH.F. AT UGH ol #6851 =4
WS EmRAHAR L], &k 4 2 #H4R, 2019, 54
(3):685-691+491.

Magnetic gradient tensors B,. » B,. and THDR

AT e S 5 DK R

(2) % SEH 5 1) Jm 38 5 6 R AT 4 AR A
I3 BEUS A UHE B X R 5 R R R R T
G BE 5

(3) LB 45 R W AR SCT5 1k AR A% 0T X 358 5
BEREAT T 0 5 0 55 5 B30l 17 805 B, %N
RUBE MM 2 A RE VR R B 225 26 em) 119 43 B9 4K
5 5 2 H bR 08I FICHE Y AR DG R BUAE 0. 966 4 DL
e R JE N TR B R 7 L i R
BILL R = 4 B AR T HE AL S TR AR,

WANG Y G, LUO X, DENG ] ZH, et al.. 3D
magnetic data interpretation based on improved tilt
angle[ J]. Oil Geophysical Prospecting, 2019, 54
(3): 685-691+491. (in Chinese)

(3] FRde, s, #65% , 5. 45k 00 W4 86 2 25090 10 AL S 4K

FRAEAE L ARG 05 B FELT ). s sk 2 5 31, 2019,
62(9) :3580-3590.
GUO H, HAN S, ZHENG Q, et al.. Oblique de-
rivative edge detection method research on full ten-
sor magnetic gradient data [J]. Chinese J. Geo-
phys, 2019, 62(9) :3580-3590. (in Chinese)

(4] B@ &, AveR, 5 5%, % 06 UR IR G R 18 7E
IR G I E R M )] A ¥ B LR,



1210 e WE TR 4 28 %
2019, 27(8): 1863-1869. [12] EHEaE. 4480, F 2%, F T AR RS Sy
GAO X D, ZHOU X H, LI Y F, et al.. Applica- fift A1 Hilbert 22 4 (9 Joy A5 5 R AR S U7 B5 (1], &
tion of magneto-optical imaging magnetic flux leak- M5 ALk, 2019, 56(18): 25-33.
age characteristics in contour reconstruction of GAOJCH, ZHU Y L, JIAYF, etal.. Feature
welding defects [J1. Opt. Precision Eng. , 2019, 27 extraction of partial discharge signals based on 2D
(8): 1863-1869. (in Chinese) variational mode decomposition and Hilbert trans-

(5] ®RBEE. %R, A5, F. 8 LT EL RSN form[J]. Electrical Measurement & Instrumenta-
gLl # Bk%, 2019, 12(3): 515-525. tion, 2019, 56(18): 25-33. (in Chinese)
CHAI G Z, HUANG L. QIAO L. etal.. Effect of [13] HUANG N E, SHEN Z, LONG SR, etal.. The
the on-board residual magnetism on inertial sensors empirical mode decomposition and the Hilbert
[J1. Chinese Optics, 2019, 12(3): 515-525. (in spectrum for nonlinear and non-stationary time se-
Chinese) ries analysis[ J]. Proceedingsof the Royal Society

[6] ZENG H., XU D, TAN H. A model study for esti- of London. Series A: Mathematical, Physical
mating optimum upward-continuation height for and Engineering Sciences, 1998, 454. 903-995.
gravity separation with application to a Bouguer [14] BULOW T, SOMMER G. A novel approach to

(7]

(8]

[9]

(10]

[11]

gravity anomaly over a mineral deposit, Jilin prov-
ince, northeast China[]]. Geophysics, 2007, 72
(4): 145-150.

PAWLOWSKI R S. Preferential continuation for
potential-field anomaly enhancement[J]. Geophys-
ics, 1995, 60(2): 390-398.
MENG X, GUO L, CHEN Z, etal.. A method for
gravity anomaly separation based on preferential
continuation and its application[ J]. Applied Geo-
physics s 2009, 6(3): 217-225.
GUO L, MENG X, CHEN Z, et al.. Preferential
filtering for gravity anomaly separation[ J]. Com-
puters & Geosciences , 2013, 51, 247-254.

SRR HALE, B & F. AR B L HAE D

P K Il A A T ) S MR A B i R LT . b2k

M2 F 4R ,2012,55(12) :4078-4088.
GUO L H, MENG X H, SHI L, etal.. Preferen-
tial filtering method and its application to Bouguer
gravity anomaly of Chinese continent [ J]. Chinese
J.Geophys. , 2012, 55(12):4078-4088. (in Chi-
nese)’

RAT BRI AR ST AR B A iR S B A
BB ALME S 2R T ik e mAL T K F F R
(B RHFR), 2019, 46(5):60-68.
XU ZH, TANG G, LIU W, et al.. Seismic ran-
dom noise removal based on variational mode de-
composition with parameter optimization [ ] ].
Journal of Beijing Universityof Chemical Tech-
nology ( Natural Science).2019,46( 5) :60-68.

(in Chinese)

[16]

[17]

[18]

[19]

the 2D analytic signal[C]. International Confer-
ence on Computer Analysis of Images and Pat-
terns » Berlin, Heidelberg, 1999:
25-32.

BERTSEKAS D P. Constrained Optimization and

Lagrange Multiplier Methods[M]. US., Salt Lake

Springer.

City: Academic press, 2014.
HESTENES M R. Multiplier and gradient meth-
ods[J]. Journal of optimization theory and ap-
plications , 1969, 4(5): 303-320.

FRAEA L Lo, Ak B, AL BT RERS B ok 2 U0
TR HEFRMAL]] &bk 2B, 2019, 54
(3): 692-699,491.

ZHENG ] Y, FAN H B, ZHANG Q; etal.. Un-
derground small target recognition using magnetic
gradient tensor[J]. Oil Geophysical Prospecting
2019, 54(3): 692-699,491. (in Chinese)
EESFETREE.F. UM EKE RGAGE
A BEF IR PR R AL ELT ], e o A5 % A2, 2018,
26(7):1813-1826.

LIQZH, L1 ZH N, ZHANG Y T, et al.. Fast
rotation calibration of sensor array in magnetic gra-
dient sensor system []]. Opr.
2018, 26(7):1813-1826. (in Chinese)
FHRALFET REE.F. OKEAMEALEXAT
M REIR B R E LT ], 6 F M % DA, 2019, 27
(8):1880-1893.

LIQZH, LIZH N, ZHANG Y T, et al..

Precision Eng.

Mag-
netic source single-point positioning by tensor de-
Precision

Opt.

rivative invariant relations [ J ].



55 LA et YRR P S 1 A 1 R TR O 1211

Eng., 2019, 27(8):1880-1893. (in Chinese)
[20] YIN G, ZHANG Y T, MI S L, et al.. Calcula-

magnetic anomaly field based on regularized meth-
od in frequency domain[J]. Jowrnal of Applied

tion of the magnetic gradient tensor from total Geophysics, 2016, 134. 44-54.

EE &

FEEPA B ERKEFEAN L
WFIE A, 2014 4E Tl AR K 3K 15 % 1
27,2016 4R F A TR 2 B 3R A5 A
2, AT R R
{5 5 kb ¥, E-mail; 714741928 @

qq. com

il

RIEE (1960 —), B, Wb ¥ AL #
$2,1993 47 F b 58 8 TR S kA5 2+
FAL.2004 4 THRRF PG L2
AL, F B S 7 1 S HLAR 1 AR AR T 5
iZ2Wi, E-mail: zyt01 @ mails. tsinghua.

edu. cn



