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Application of the Hilbert-Huang Transform to Seismic Data Processing
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Abstract;: Hilbert-Huang transformation is a newly developed time-frequency analysis method for
dealing with the non-linear, non—stationary signals, In this paper, the basic principles and sev-
eral key technologies of the Hilbert-Huang transform, as well as its strengths are briefly intro-
duced. It's application to the decomposition of seismic signal with random noise included and actu-
al seismic data are discussed also. The original signal can be really reconstructed with this meth-
od, and reconstructed signal improves signal-to-noise ratio and resolution of the attributes, so It
is a meaningful method for denoising the seismic data.

Key words: Hilbert-Huang transform; Seismic dada; Empirical mode decomposition; Intrinsic mode

735019,China)

function; Hilbert spectrum; Waveform seismic facies analysis

0 HIE

H A X R A5 5 #EAT I A 0 A B o ) HL B R
#9715 S AR S AN B AR . A AR
SR LR A BT 5 2, otk PR A B AR B 1 EL A
KRG B i R SRR DY A X 3R
FREXUENGESHEWSEILEA . Mo
Brte T B AR AR I SR R BB R TR K, H
B EE A A AR @22, MNEEARNES
JE SRR Y TG0 FR UL S v R SR BRI, 1T L/
T B 1 45 T AR 2o B R AT AR B R A R T /N
e B IE RLRE ST 5 53 A /D BB PR & 1 IRUE 5 1
fig Bt e

@ Wk H#:2008-09-25

Z /R84 — # 75 # (Hilbert — Huang Trans-
form, fAjFF HHT™ J5 g J& 36 B TR Bt bt + Nor-
den Huang % A$2 0 — R 25 M1 5 0t 7
EHEAEMESHTIEKMENAERNSH - LRES
43+##% (Empirical Mode Decomposition, ffj #ft EMD),
3845 B A R By B A 3 R 8 (Intrinsic Mode
Function, & #§ IME) , #8 J5 F| F] Hilbert Bt 5215
A I S R B 3 AT B 45 T 0 Y R 0 U S 4 T A 3
ik, ©@E A TIEREMIEFRE S B@EE,
R T B0 B R AE B ) R BE R AT 43 AR IR 80 B 4
AR IMF s B2 FRESREHRAMIFRERS,

B XK GC1962—) , L QUK SR AR IEA B+, BB TR0, £ 2 I H 3R E W R R R W B 5 L AE.



212 L

¥ W H31E

BTREWES: BABREERL. HzT %5
A Tl iR K2R, © &8 12 B A T 8O A
WiE LT AEGES A EYE: ELIR S
7 T E 3RS LA

LR RE S KRB FRNES.
T HHT £ FRES PAEMK S A OKE
PIBNHTERE N HRES SLRBERA D,
WA= LABCE A, H A R A F i b AT LR
REMFRHBREE R RER 2/ T
REH I ERICTI B, 5 TRt — 2.

1 HHT A EH

HHT 75 i R th 22 504 54 70 F0 7 /X 10 e AL e
P
1.1 ZKRHEISE( EMD)

HHT Z# #0355 AT EMD 40 ## . 3%
BARECE B 18 A 8BS B B(IMF) . 9 {RIE IMF
SE Oy R B B R T A SR

(D BAE S HEE F R G H A R s
EEZME—1I

(2) BABESRBAEEE A, B R RMEE X
RS YERET.

HE AR RAER L, —RBOE L. EHER
T Huang(2000) 48 4 #9385 8L & 1F, & SD 24k
PN GT R AE R bR e 22, TR

T _ 2
SD = Z | e (}:2) (lh)kO) ’ <C constant (1)
=0 k=1

H by (O R (O FF BRI FE B RS RRT G 15
H;constant€ [ 0. 2,0, 37,

EMD 7 2 3 F — A de i i B2 L BRI 4o
T

(D ML ro () = 2O HE EFaEF
HEEN BT m

(2) #BUR j 4~ IMF

(a) WAtk R (D =r; (1) ,i=1;

(b) ot Ay (D AF S 19 R FEAR A AE S FRH
S UN Y=

(o) MRAEFMHE T ER S by (O K H
T

(d) W& ET A% FHEEN DT m;

(e h (1) =h_ () —m_ (1)

() Q5T 2 2% 1k HE I L B 4 A R ok th — 4
IMF, B} ¢, () =h () s B i=i+1, & 2] (b);

D ri) =r () — ¢, (1)

WD MR OPREVLHEEIRES A 5
=i+ 1,852, BN4EL .,
#51 EMD &, RIGE ST LLRR N

= Ecj—i—rn (2>

Hrpon i IMF A8, IEJE— DA R
FFol, R (o) B BE B & B HITR

E A5 B R, 76 B 44 5T 30 B X 3 18 1 R BT
ARAZRELATEE L TSR FHER W, ™
RESEMNRMESAH BHELERNEEASGTYY
FRARBIAME, R TR E FRBRTRNIRE,
R\ THHEBCRMANEE .

FHIMEST BT B TE SRS —BRAS RN
TSR AR AR A PR 0 RS A5 5 SUAR A )T 5 #4741
S, TR A R RE A T . AR RSN E R HE
B B 2> 5 R R 2 L A 1] B 31X R 0 2R 380 R 3R B R
ELFEE IMF 4 12 500 58 m e ;&% 2k
VSRTEABET ERRENIRERRER
SCo i FE A AL 3R EMD 43 fif v B R R Y
[ &0, i e K R D i ) R, H AT A B EMID 34
R A B WA N, 1F A8 £ 50
FUHNE Jy s, SR AR AP FE V5 4 7R SUAE 1 SR A 38 B 1 9
FORR LA I SR 15 IEHR IR .

1.2 Hilbert 35k

%o FAE B — 4~ 6t B FF 31 X (o), # BB 18 BB 1
Hilbert ZE# 25 R Y (2) , B
B @dz‘

v = Lp] ()
7T — LT

Z() = X +iY (@) = aDe” (4)

FRUE
ﬂﬁﬂﬂ?ﬂ]g a(t) = Xz(l) —{-YZ([) (5)
B 00 = tan TEO )
e w(n) = 96D %0
T2 X8 n Bror B #47 Hilbert 585
X () = ReZa}(z)eiJ"’z(’>d’ (8)

ji=1

HHEIHAHARKE,. P e Mo, A2
5, TR () B BB B R Hilbert 1% AE 98 %) B —
MR P ER R E A e,

2 HALAA
2.1 E¥FiHE
B lO2B ~MEXFI:E 1R ERF



%34 XU PR 0% < A A — B0 4 i 7 Y AL B o o 213
A% Hilbert A8 Ht J5 18 B B RE & 1% , 7] & 1 Hilbert AR R E—RII B E WG REN S &, T
W EARLG AR I B 1) B/ EAE AR EF i3 £ Hilbert B4 i &4, FE HHT &
BB, BRERB B LA BE B, 875 A TR LT B B 550 S T M AR AE
IS RN A Z R ok . & EMD 43 %

—

0.8 .
0.6 _
0.4F .
0.2 _
0
-0.2+ -
-0.4F s
-0.6[ -
40 8 ~ —
1y 1 2 3 4 5 6 7 8 9
i A/ s
(a) B—MIESRFH
4 —
3 F
= =
RV
P .
0 1 2 3 4 5 6 7 8 9
B IE]/ s A [E)/s
(b) Hilberti: (c) D
B 1 &R EIRGIE T ey
Fig.1 The Hilbert spectrum analysis to a calibration of time localization.
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Fig. 3 Comparison between the original and reconstructed signals (there is no noise)decomposed by HHT.
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omparison between the original and reconstructed signals (with random noise included) decomposed by HHT.
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Fig. 5 EMD of a real seismic signal.
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Fig. 6 Hilbert time—frequency spectrum of real seismic data.
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Fig. 7 Comparison between the original and reconstructed seismic data and several IMF function by EMD.
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Fig. 8 Comparison between the seismic facies diagram of the original and reconstructed seismic data.
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