527 %53 0
2014 46 A

w2 LB AR B AR

Journal of Sichuan University of Science & Engineering( Natural Science Edition)

Vol. 27 No.3
Jun. 2014

X E4S:1673-1549(2014) 03-0029-05

DOI:10.11863/j. suse.2014.03.07

£F EMD 51D £ ZEH 1B 5 S 18

IR, R A, 252, AL, Rz

(L. BB IR TR AR U 148 BTSSR 61005952, LRI R A 5 R AT AR B A S5 0023, I 610054 )

B E:Z585 %5 #(Empirical Mode Decomposition, EMD ) & — #4235 69 B 3 A7 7 i, % 7 ik 12
FE BRI R FM T, TR -PAE AR R BAT T RIS T4 IE, B E R o A S N AIERES
% 4 (Intrinsic Mode Function,IMF) Z fo , #F2] 56990 9 5, R, — Mg kb A2 KT FEN 5
37 IMF 285 BOR F) 64 BB AT IR R R A R AEE AR EME FIEF a5k, R 2R 2% &
SHRAEFHH k. 1D %4 (Total Variation, TV) & —#b A #8913 5 e ik, 4L 45 3 F4F a9 R 743
FTRGEE A Atk B SRR G L, IR RA %S Bk, AT EMD f2 1D - TV 6948 &

RET MK RF ik BN EFREET RN EE TN EREAN, ZE kR
AR HEAZ T A GMEAZ B

SRk
KR 1D & T EMD 3R 25 X2
HESES TBLIS

il =

i 2 A 5 Hh M 7S 1 2 b R AR A 3 EE Y
AL BRAT 55, O 2R Bl J5 22 1 MR A5 5 T M S ORI B 4
RBESEA O TR, MR X EHEES B T EFRG
U B AR M R B AR X 52 R M L A SR
KR R, A B BB TS T AL ARz A,
ICA [PCA /N B EMD | TV 45 £ M5k, HiE, H
HTAR 22 07 35 M LA AT S50 A5 B8 o B2 2 i b R 15 5, 1
FEAE LM [R] B o 25 3 O™ FE A 41 M A AU S 1
F . L, 764 RO B = A5 5 e R 1 6] s, el 4
ARG S P ED GG R, T AMTE R
S B TRV o 20 R S 0 i I A0 20 BT 1 R B S
K () —Fp b B AR MR RS S B 7k, B T EMD
HILEE A BRI AES, B EMD M [ 3% R Y,
AN BRI, ARG B AR e & A LA
BAPEHE S AN 1D - TV 5k B4 I S B A2 1

s HER:2013-12-22

SEERLNC Y e

SRR SR A

RS S EREA P O
B [34]

PNy o

Fe EMD $AR 5 1D - TV Jrikfigh & , M T 352 (E
SRR IR . BT EMD B0k R A S o R
— RINFAEAF 5 FAAE I TA] R i) [ A RS pR 4 (Intrinsic
Mode Function,IMF) , 8K J5 W ] 1D = TV Jy Xt prik £
(R R A48 TME 43 i AT AL 3L, 55 R T AL 3L 1Y) TMF
Sy EAE S, ARSI 20 H Y. LR E o K
FEPIE 0P R 78 SRS A0 Y RUBE B X g 7 kA o, O
AR S5 DA B RN ORI . SE PR Y M52 Hdis Ak
PREE SRR WNZON AR R AT AT, H M ROR A T Bl
FH EMD J5

BRI R (5 5 I G A5

1 EMD/TV(& T4 )ik R

1.1 KBRS (EMD) XRRE
EMD JE X AR-PRa A5 5 e T I RA R0 5 v %07 1%
55 A R R BB o3 il TR, 77 He— ZR 1 A

HESTH: 8 R 863 i %7 A (2008AA121103) ; ¥ E 4. A% &R B (1212011120226)
EEBT: 23R (1986-) , %, LB K BRA LA, £ BNFZE 54 fe QR E T @GR, (E-mail) 707561048 @ qq. com



30 v 2 T FRFRCHRFFIR)

2014 56 A

AARFFRHE R EEARES , B — B3 E 5 g —1>
WA A AS R IMF, IMF -85 e DA o 481 280 06 49140 v HE
Go Horp  IMF 25000 J2 LR AN 450

(1) A5 S AR A5 50 H A3 25 8 H A 4 el e &
MZE—1

(2) FLH R M R (A R P L 0% 4 0 R 40/
{H A B T AR R T o E

PASEBR R A5 5 4% (&1 1) o, EMD B335 (9 52 it
LR

(1) REUFES y(0) FrA BRI B =%
FEF PRBCI I 32, RS D 42k ; IR B, 3% 42 R Al /s
HRAE N T,

(2) EFESTFHAEABRIIEES m, e UE
S hy = y(t) —m,

(3) WHAES hy, W IMF (9505, I8 4 b, SR
TR EE — A IMF 43455 85 DK by R JRUEG 15 5 E 4T
(1) ~(2) 2P 8%, BEIEE kGBS 22 E RN S —1
IMF,icH ¢, o

(4) WEE S L e, BRE—MFIRES , =
y(0) = e, By ERFEER T ERE Lk, v DLk
HEAR B AL IMF, 5 2] &3 r, RE A — R
fi.

E1 RiaEESET EMD @R AR IMF K5
sy = (y[1], === ,»[N]) e R*,N > 1, REEH
MRS, v = (x[1], -+ ,x[N]) e R Jy Tt
Efi T, n AR FEIR A BB S ,

y(t) =x(t) +n(t) (1)
Hrp, w(0) TR, n(e) HWBEFEES Xy (1) #E47
EMD 73 fiftJ i A2 B3

y(t) = Z{C" + T (2)
Horp, o NE i A IMF 34, 1, ARIR R

EMD 21 (4 B AR J5 B 73 figt 1) IMF 34 B
R RS G DRI IMF 34t il 7 EMD 3 i) IMF -4t

R BIMIG, PRLHER — 4> TMF 3k A9 500 236 B 1y, o 1R e 9
BERLMEFS SR, RER &SRS, R IMF 53
B, BAE MR H g
1.2 1D-TV =B XM [ATE

LR F MR Se B Rudin, Osher and Fatemi T
1992 AR 4R FH ] F G 10 e B 4 S Dy
T, 1207 VR TR P[RR 10 4272 4 W S v T oM A [R5
FRI 4278, U VAR 2 M [ ROUEE A g SRR i PG ASE B 1) R
12 Bt/ MG T L, HC S92 T3 AR 4% 1) S PR ) i, AT 52 30
ZEREBRREFS , LR T 0 e A A [R] i, SCREAR
RIS UG G

XFFA(D) 45 e S E
%Xﬂﬂmi :

TV(x) = ; 1D, = Z |x[k+1] —x[k]] (3)

H TR A PR A 427 3 W) K T JE MR S R Y
AR 0Y , PRI AR 53 B A 525 W ) RSl 2 1 e /M 4
AR A3 R AR

minTV(x) = min; |x[k+1] —x[k] | (4)
HATUSEM T30S | BI AR A R e Ak )

1 <
min -3 [y[k] - a[k] " +

AR oY

N-1 (5)
)\; |x[k+1] —x[k] |

K (S) o R —TUN PRI, & F 2R AR R 5 2k HE
AOVE T 55 — UM EART, A JFIENESEL, A fIRE
5155 1 W 7 K P AT O, X i 25 M 5 O 1l
e

AR Little! " S B 5 AG — 4 SO ROR
fift , S AE JEAG A5 7 v 0 M AT SR
(K2). MIE2 ATRIA I, 2 1D - TV ZEPS e 153
AR F) ] o

2 #HAEMME

N T AR BRIRR (T AR A TR DR AR
MR GARE 2T 1D - TV 535 EMD 50354 A 1L
SR T — ORI A 5 MRk A A
i3 EMD S f MR (5 5 70 O — R 5 RAL AR 5 FE
P ] FRUJE 4 [ A 285 pR K IMF 5 R0, WA 1D = TV 53k
X BT RE R (9 5 U0 IMIF -5 HEAT A B 5 fi )i, P Ak
5y IMF 2y BRI (55, TR B e H /Y
2.1 EMD 5 & 3550 53 8 22 JR U

fr5 2 EMD 73 fif i 13 B A BRS04 w5 2R Y
IMF, A B8Ny IME X1 455 (9 i e o, — el



%27 5530 ENEE AT EMD 5 1D 2% H e EES 2% 31
N . . _ BRES | | MR E & {H..
2.2 EZEMMIA
O\Aﬁp\v/ﬂVM\WNVAVA\“: XA 5 (1) EWRA T AT
“l ' Stepl AFHRELS 5 y(1) JEAF 2 B EMD 434, 1%
O v e s w0 o 1|2 AR G 51 0 A BRI T,

IREES

40

L L L L L L L
100 200 300 400 500 600 700 800

FIENS
40 T

20 1
0
201 4

40
0

2 1D-TV £EBEHE
BrI A5 02 B 4 SR 7, B BOK 0 TMF 5 1
{55 O AR 43 , — I Ao 905 1 0 e 7
/N, 6T EMD 0 i) 2 55 AR GG T, XK 5 4
MR I R 5 B B (e (R IMF B,
BUFE 55T IMF B2, 627 0 A i WL ™7 L g, —
SEAFAE A TMF 42t (079 %8 T 90 8 2 7 i) TMF
Ch+ 1) 9{5 8 0 E GBS , TTILHT b 4> IMF o
EEELT 3

R T AR MR 5 A3k L5 AL

©(0) = 5(0) +m() (6)
St s () TUIRENE S, m(0) WA (ES. R
Wl B/ I TR R, 1T 5(0) 2 EMD
S 5 A0 0 A S BT W 1950 10 A 5
SR k- 1 AR BRUR 197 5

5,(1) = gcj(t) +r,(t),k=2,3,",n (7)
U 722 5 (o) R BEE s (1) o B850
DMSE(s,5) = 3 3 [s(t) =5(1) 1 (8)

a2 (8) AT A IMF 41 rp 45 AN (1 g ek
Ek<‘§ks‘§k+l) = DMSE(gk’glwl) =
N
=1

% [e(6) 1%k = 1,0 ,n 1 (9)

E, =mnl[E(5,5, )], 1l <k<sn-1 (10)
FH ISR A5 BB e/ N B XTI Y A L, DA

no=k+l (11)

XD, o R EM MRS SRR IMF R5], W n
AN R BOT iR, VLIS B8 A A5 5 19 2R3, A

Step2 : R4 L3 REREIE N BEICAT & By IMF 41 2 45

Stepd A HEHL IR UL 50 TR MO 0 IE ML 2
BT 1D =TV S0,

Stepd s XPAL FILJR (0 P55 IMF 053 FIBLAx TN
MR A1 IR R 5

SRR 3 B

JEhh
fiFu
\
EMDZ3if
i— R R SinZ i
ARIMF(1) ERIME(2) AFIMF (n)

IDTV ML FE  IDTV 22 M kb B

ZEIDTVAE ZIDTVAR
HE RS HE I

l l |

\
HF 2T IDTV AL FRS B IME 85355 R A S 2

EMD+IDTY 21
Ja bR o

3 EMD -1DTV ZRE XA EZE
3 RIREEFT AR

AR L W — w0 R RE R 51T T
ARBE . P 4 DA I R i e b T A bt R
Je AR S, BT 100 58, JEE]HE 50 m, £EE 500 4>
AL, RFEM B R 1 ms, 1815 S F) AR i i T
EMD + IDTV J7 3% 2 W J5 (9 3 72 ) i &, [ 6 4 &£ 48
EMD 7535 2: M i 1) e F T P41

T VR B BT RA AR 5 R ROR , M RTIE(E
PEBR L (PSNR) LS AR5 BE PSR B v 52 P i Ak
BRESFAATIEAR

(1) WefE{RMEEL

2
PSNR = 10log 255

(12)

M N

WY 2 i) -~

i=1 j=

Horb,q(iy)) MG R =R, p(i.)) Gl A B



32 v 2 T FRFRCHRFFIR)

2014 56 A

5 EMD+1DTV 7k £MBR/E MM BIE ST E

21 a1 61 81 100

6 EMD FikEREMMEREE
MR R s (i) 9 MR i e — i MOV UK
BUVES V6 DL NI DR S

(2) DBGRFFE"
EPI =

(Ipliyg) -p(i =1 =1) [+ [p(iy) -p(i =1, |

v X+ [p(ig) —pli =1+ D) 1+ | pliy) = pliy - 1) |

ZZ +1pliy) =plig + 1) [+ p(ig) -pli+1,-1) |
+\P (i) =pGi+ 1) [+ [p(ig) —pli+1j+1) ] (13)

(lg(iy) -q(i -1 -1) [+ lq(iy) —q(i -1,) |

v ﬁ +lqiy) —ql -1+ 1) [+ [q(i) -q(ij-1) |

T+ qliy) —q(ig+ D) |+ [gG)) —qli+17-1) |

+1q(ig) —q(i+ 1) [+ q(iy) —qli+1j+1) ]

Hrp, EPI DG ARFFEE, p(is)) , q(iyg) 5350 g 4k B
Je B 3t R A e 3t 7R K P 2 — a5 EPT Oy 5 I
Je B 3 7 R AR 8 25 e E‘Ji’@%&%ﬂﬁﬁ@ﬂ%ﬂﬂ‘ Lz
Lo, EPT MU T 1, LIS (52 15 5 it G Ak £ B i
LT

i 1 RIA 3T EMD 5 IDTV B85k

X 453 Ja8 b 7= R A B 2% SR L LY Bph 1Y) iz ] EMD %R
B TEVE(ELAR MR LU R G DR 1R BE AR B AR R 2
o
F1 BEERILSBERFELEERITLE
EMD Jy 0 EMD + 1DTV J57%
U {5 e L 145.6 147.9
G 0. 38021 0. 7096

4 % RiE

EMD FiI 42 48 53 J5 35 80 02 B % 1 {5 5 ab By 3k
EMD 73 fiff X5 A RAF 1 B 3E B, T 4248 73 T IR AR
R B R RE IR P (5 S L E R, A& T
ZHIR R ZF AT 4 A AN R B IR AN SE S8,
DAL = A R4 B T r B2 BLE 5 9B R

o KT —YE 2B e B — 4L (55 tuﬁﬁﬁ%ﬁ’ﬂﬁﬁ
il P, xf— 2 o A R {5 5 B A B (A
—B I

S % X #f:

[1] (B)L A& WMo LR LB [MLE EERF. B
%079 % S K 5 R AR, 1998.

2] # #L% 4 A Tk EMD 693 B3 5 L&[J]. @
G K IR B R F R 2012,34(4):75-81.

[3] Karahanoglu F I,Bayram I,Van D V D.A signal process-
ing approach to generalized 1-D total variation[J].Signal
Processing, [EEE Transactions on,2011,59 (11):5265-
5274.

[4] Condat L. A direct algorithm for 1D total variation
denoising[J]. IEEE Signal Proc. Letters,2013,20 (11):
1054-1057.

[5] £ B, 52HAE A F ATERZEEX 5 MR
EAZF MR B IR[)]. sk M 2 S 3 & 2011,26
(1):71-78.

[6] Huang N E,Shen Z,Long S R,et al. The empirical mode
decomposition and the Hilbert spectrum for nonlinear
and non-stationary time series analysis[J].Proceedings of
The Royal Society A Mathematical Physical and Engi-
neering Sciences,1998,454(1971):903-995.

[7] £ % EMD 5 MRAALER T LR EA
[D].7A 7R 35 oA /R E 42 K 3 2010.

[8] Rudin L I,Osher S,Fatemi E.Nonlinear total variation
based noise removal algorithms[J].Physica D:Nonlinear
Phenomena,1992,60(1):259-268.

[91 Chan T F,Golub G,Mulet P. A nonlinear primal-dual
method for total variation-based image restoration[J].SI-
AM J.Sci.Comp.,1999,20(6):1964-1977.

[10] Chambolle A,Lions P L.Image recovery via total varia-

tion minimization and related problems[J]. Numerische



%271 %% 3 EHRFATEMD 5 1D 2R a9 Efe 5 5% 33

Mathematik,1997,76(2):167-188. ters,2011,8(1):103-105.

[11] Little M A,Jones N S.Sparse Bayesian step-filtering for [13] Boudraa A O,Cexus J] C.EMD-Based signal filtering
high-throughput analysis of molecular machine dynam- [J].IEEE Transactions on Instrumentation and easure-
ics[ C]//Proceedings of the IEEE International Confer- ment,2007,56(6):2196-2202.
ence on Acoustics,Speech,and Signal Processing, Dal- [14] & B EBR2LRERF —FREHNLETHHE
las, Texas,USA ,March 14-19,2010:4162-4165. B AR R HOR[J]. 8 00 52 4R.,2011,32(5):815-819.

[12] Tang G,Ma J W.Application of Total-Variation-Based [15] 4 B .70 &, /% & BB ERRKERE AL R
curvelet shrinkage for Three-Dimensional seismic data oy B R [1]. IR 5 4K ,2010,34(3):392-341.

denoising[J]. IEEE geoscience and remote sensing let-

A De-noising Technology of Seismic Signal Based on EMD and 1D Total Variation

WANG Junrong' , ZHANG Tao® , AN Suzhen' , ZHOU Zhongli' , WANG Maozhi'
(1. Key Laboratory of Mathematical Geology of Sichuan Province, Chengdu University of Technology,
Chengdu 610059, China;2. Key Laboratory for Neurolnformation of Ministry of Education, University of
Electronic Science and Technology of China, Chengdu 610054, China)

Abstract; Empirical Mode Decomposition (EMD) is a kind of time-frequency analysis method of signal. It does not
require a priori knowledge, and can self-adaptively decompose non-stationary and nonlinear signals into multi-scale Intrinsic
Mode Functions (IFM) in terms of the nature of the signals, which leads to the high frequency resolution. However, common
de-noising method filters the high frequency part chose from IMF from different threshold or realizes signal de-noising by set-
ting it to zero directly and refactoring it, which will lead the obvious loss of useful signal of high frequency part. 1D Total
Variation (TV), is a effective signal de-noising method, can preserve edges data better, but sometimes it may take the noise
as edge information, so as to appear the false edge. Here, We construct a new noise attenuation algorithm by combining EMD
with 1D total variation de-noising method, the process result of the metal deposit seismic signal shows, the algorithm can
effectively separate seismic signals form random noise and keep the edge structure information of the seismic data well.

Key words; 1D total variation; EMD; seismic signal de-noising





