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Fig. 9 Spectrum comparison of different methods: (a) Original; (b) Noisy; (c) MMF; (d) KSVD; (e) MMF-Wavelet;

(f) MMF-KSVD



31 B 12 4 R, 5

B A AN K-SVD o 827 3] 78 i F 500 25 v ) 2

3723

&AL Cne 5 -

Zy(X) -r(x)

NC T ~ ~ (16)
5
{SWE Y Ron 58 XN :
e
c=201g 1Y 17
R =20l = an

L yoO)BRFIEFARE S r0) R EMES,
x NRFESMT S N RESKE.

HMWIRZE Er N 0 B, RREMGES5RGEE
e, B Er 8L 0 RN SR
RHAT . BRARBEE Cne BN 1, RORAME S
ST B Cve NOR, R METIEAR; X4
Cne N1 B, FIRPIAME 5 AR [F T 755 A I
R, COne (BT 1 FoRa B 515 5 55 MH
R EE S AL, FERI Ry BRKRRE S
iR E, AR 1HRER, WS TNENTE
5 R A R KIS, ST Caes Er IS,
R TTiEA R R B B AT MMF-Wavelet, {58
SR —5.4166 dB #2515 20.4848 dB. X LLEE
1 (%325, MMF-KSVD 4B 5 1945 545 5 1%

10% g
E (a)
10°[  eee MMF-wavelet
— e — Noisy
£ 12 ©o°° Original
<} L ass MMF-KSVD
210'E
AN C
100F
10_] I 11 llllllll 1 lllllllA L llIIJllI 1 Ill“lll 1 llllllll 1 llllllll
10 10> 10" 10° 107" 102 103 10
f/Hz
180
(©
90 |
::: 0 eoe MMF-wavelet LN
& — Noisy
=90 - 00 Original
_180 :?:A MMFA-I%%Y]:) qunl 1 ||uu|| P TR llllIHl
106 102 10" 10 107" 102 103 10
f/Hz

Bl 10 ACLFERT)S LB AR AR AR

®1 AFRTNEEEEE S ZHEN
Table 1 Changes of various parameters of different
methods
Method Cne Eg Rsn
Noisy 0.4805 1.8656 —5.4166
MMF-Wavelet 0.9907 0.1361 17.3200
MMF-KSVD 0.9955 0.0946 20.4848

TS HI T MMF-Wavelet, H 2SR F4E,

24 fLEBPRER-HEALSTHH

I TSI S QH301603 AH I (KA HL B R~
ARLLRFIBT MT 15 5 AL FERCHR, M 10 AR xy Al
yx J7 A A0 L B R — A A X B R B, A NI 75
(A0 L BH 2 —AH AL EB MR UR 1P . B P A =T
AR, 23k MMF-Wavelet 4P 5 (140 B BH R —FH A7
HAT — E IR, H RN b S o A B R —
DL AR FE (R8O RAS R EEAR, JEHAE 0.01~1 Hz
FEA AL PR AL, T MMF-KSVD AbF 5 ({4
HL B R —AH 57 LE xy J7 ) F o 77 ) AR Ak e 38 5 S 0 v
Jo EE A R B 2R A A B AR — B, BRSO V2
BN [0 7 AR B -, V8 i BB ) M
A, fE— I EUE T MMF-KSVD fyr]
7, JF HACFRRUR b MMF-Wavelet B £ o

10° g
= (b)
102 eee MMF-wavelet
—~ £ = Noisy
£ L eooOQriginal  _p#of
S 10 4sa MMF-KSVD
<k
100 b
E »
107! TR | T lmu>n [T YT TR T
100 10% ' 100 10" 102 1073 10
f/Hz
180
(d)
997 eee MMF-wavelet
< ok — Noisy
5 ©-0-0 Original
= aasa MMF-KSVD
-0
-180 | PTTEIANE TIYTR IS PP Mt s Alllllll 1 || L
100 102 10" 10° 107" 102 103 10
f/Hz

Fig. 10 Apparent resistivity—phase changes before and after processing with different methods: (a) p,; (b) pyx; (€) Py (d) Py
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De-noising magnetotelluric data based on
mathematical morphology and K-SVD dictionary learning

GUI Tuan-fu"*?, DENG Ju-zhi"?, LI Guang"*?, LIU Xiao-giong"?, CHEN Hui"*, HE Zhu-shi" >’

(1.Earthquake Prevention and Mitigation and Engineering Geological Disaster Detection Engineering
Research Center in Jiangxi Province (East China University of Technology), Nanchang 330013, China;
2. Jiangxi Engineering Laboratory on Radioactive Geoscience and
Big Data Technology (East China University of Technology), Nanchang 330013, China;
3.School of Geophysics and Measurement and Control Technology, East China University of Technology,
Nanchang 330013, China)

Abstract: In order to solve the problem that the conventional magnetotelluric (MT) time-domain denoising
methods have the limitation of damageing low-frequency signal, a new method based on mathematical
morphological filtering (MMF) and K-singular value decomposition (K-SVD) dictionary learning was proposed to
suppress strong cultural noise near 1Hz of MT data. First, MMF was used to separate the low-frequency signal and
protect it entirely. Second, K-SVD dictionary learning was used to process residual noisy signals. The field data
was used to extract noise contours from auto-learning cultural noise features, which could achieve the purpose of
removing noise. The method was verified by testing a synthetic data set and then was used to process two measured
data sets. The results show that the proposed method can eliminate all kinds of strong cultural noises without losing
useful signals and improve the signal-to-noise ratio and data quality. Moreover, the denoising effect of the
proposed method is better than the traditional methods such as wavelet transform.

Key words: magnetotelluric; mathematical morphological filtering; K-SVD dictionary learning; strong

interference suppression; low-frequency signal
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