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wavelet transform denoising
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Abstract: Seismic signal denoising can effectively improve the signal-to-noise ratio and the resolution of the
signal. The second-generation wavelet transform can denoise signal in different scales and resolutions and realize lo-
cal analysis in which the window width can be adjusted adaptively. However, in the process of denoising, wavelet
threshold method exhibits pseudo gibbs effect for discontinuous signal. This problem can be solved by the transla-
tion invariant threshold denoising method via translation-denoising-average. Therefore, based on the existing results
on the second-generation wavelet transform and threshold denoising, translation invariant will be applied to the sec-
ond-generation wavelet transform to denoise signal fast and effectively, and achieve good denoising result in the sim-
ulated data trial and real data trial.

Key words: wavelet transform; second-generation wavelet transform; wavelet threshold method; translation

invariant threshold denoising method

—_— S RS9 005 LOREAT AR 55 B 40,
= LML 5 M AR B A PR T 5 1
SRR A BN R P IR R P ST P RS RO R R TR, B

RS AR 2016-03-23; KEHEA: 2017-02-27
HEWHE: Ex “863” %l (2013AA063901).



52 3

KGR X P B (3 AR AN i 2 M ) 1o 571

BUEEA TGS, (E (55 B I TR A
R, JCIRHEAT R ST o el B B A 4
S XS N LB T R ES AT, AH L E A
Vi BE 5 BTG [+ o A5 PR ] AR 030 5 38 28 15 20 R
PN AT O R R D BB KN R
T fiff R 1 S I {8 L I 72 480 14 ) ;- Sweelden 422 H
3 AR/ AR TSR O IR T N
BEVRI /N A e, A B A B T RO A
Tt T HS A BT 5 R RIS AR AN
AR B3 52 VR AL FE R, A T R4
OO o 8 S B2 Wt /N 0 o {25 W8 05 9k ek T A8 h
Wik, AR W S A S AN i S A A A O
EAWIING, K RROR, OB AR &
WD REAT BOBAMH XA LG s PR 53 AR K- AL
BB FF FBG (5 S5 f5 5 b ™, Zor kA s
il D AT TRONAT B 7B R 2 MRACR . AR SR
RS AN AL X — O A B {25 W 5 R B T A
WAL e . AR AN SEBR b R BRI A5 SR R
DA AT VAR BR D A ot , Ao 3 B Ak
(Y RIREER

1 NEZHRERRE
1.1 EZNEEGR

NP AR ST IRHE S 2517 Ry 0 ST A 1
N PR O SR

N S X

+

f_wlé(w)IZle'ldw<+w (1)

(I RRER @ (1) FEAS/ N, 4
t—b

eu(D) = o) (2)

KA a0 b HIHH 2 # 0,
3 (2) AN AR IE LN W (1)
S ATR, W S SR/ IN A -

Wi(a,b) =<f,p, >

= e rwetha ()

b b WP TS o HRIER T

1.2 BHUNETH
TESEPR ) A B U INB R B o S, 2
%& a flb Ez:

a, >0, me Z (4)

_ m
a = a,

(beR,neZ) (5)

b = nbya,
NI @, (1) A2
(m, neZ)(6)

@ (1) = ag? (ag"t = nby)

Xf(1) e P(—w, +o) , FRIEHBUNEE
B

DWT,, = [f(De,..(1)d (7)
HABUE R
DWT,, = < f(1),0,,(1) > (8)

Fa =2, j e Z, WS ZHEN . B
$(1) e L'(R) , HAFTEHEAMB, 0<A< =B<
®©, /fﬁﬁg‘:

A< IlyRw)I’<B (9)

k

R g (1) Ry =N LR f(2) e L2(R) —
HE/NBAE LN -

oWTy =27 [ g w5 ha 10)
AR
DWTy = F(o) ¢(2'0) (11)

Hr (9). (10), (11) Alf:
Al F(o) | < ; I DWTy(w) | *

<B|F(w) |’ (12)

R (12) Y ZJNEORAESR, AR GEAESE
HEH R NP AT LI f (1) o IR X7

T

;¢@%u@%>=1 (13)



572 pL S R )

%536 15

b x (o) /N — NI E A 25X
N

A0 = [ X DWTL0)2 %27 (= b) T db (14)

BHlay =2, by = 1, A IEANE N
o () =222 = n) (15)
2 Z“HRINEZTHREARFEE

NP X S AT AN RS L AN A
AR TR > B AN EAY , RS A AT (5 S i 4
AR R o 5 A/ NI A A 4 I 75 Y S
S R /N R B B RN B B i
AT Z PR LRA AR TR
AR 5 SIS AR L /NS AR
ESYT A WA NV 225§ s A WY e U S SRS NG i
A A SR T o AN R IR -

2.1 o#H

BERAGTS R s = sl ARELE ARG
NIRRT KRR P51 o, )Y
3| €y

Split(%) = (ejfl 90j71> (16)

A € = %ej—l,k = sj,Zk} 5 0.1 = {Oj—l,k =
Sj,2k+l} o
2.2 il

T 53 25 W —> e 1 3500 o5 — AN e 4 1
B Ple,) , MEPRFIIE Ple ) , 45RICH
diy o di AT RE s RS RIE . B
T

d_,'_l =0, — P(ej—l) (17>
e PTG, dE IO B R AL P, |

PR P, SEBL DT AR 20, TR A TN 7 3k n] 2
LA PONEAE N e,y PN DA L -

Pk(%q,k) =€k T Sk (18)
E1 QRS PO VR €y KIS A QIR DR BN =

Pk(ejfl,k) = <ej—1,k + e,>1,/;+1)/2
= (Sj,Zk + 8 ohs1 )/2 (19)

L n] LU AR 2 1 R
2.3 E#

MG SRR, PGS RS
() —LeiR 2%, PRl R4 T SR AL BE LUK B A5
JEARIPERT . U RFOREA T, B fe

Sf*]

=€ T U(d,q) (20)

e s MPRLEHRTR S s; BOIRAIER 53 o
SRR AT LA A B e A 2R B AN R R,

Uk(dj—l) = dj—l,k/2 (21)

5.
U(d_y) = (d,y +d ) /4 +1/2 (22)

TEBERT /N A st AN ) PR 42 TH /N B B ke 1 P
5 U BB ek %8

3 INEEBRTERE

3.1 MNEREERFRE

JINIBE A 2 MmO R IE ST R P R R Y E
/N ABAGATI IR R PR MRS, WG 1E 5 &/ N
AR e DB BRI /NI R S T FEE A RE
i, IR 2/ N AR A 5 /N R AR BE RN, HL
OPARTERS RS B it [l 4 11 AR — S B A
25 RUBE_E R B i BE K /N il REOTE IR B2 8N E
BE, FARAN/NERBCEE S A58 05
5.

Fo] 55 A P50 5 RS o8] (LR 5 (L AR 2
3.1.1 A

MUINE RE A HE N T BT E R, A0
PRIFAAE, e . HARXEKRN:

lwl= A

w = { (23)
w, lwl<A

A o WNEREG A N ERN I o,
VISLUEUN &8
3.1.2 #BEME
BEEBERT/NER B AXHEN B, &
M B, A~ ERIAA N

_{h%Mw>le|-AL lwl = A
wA—

(24)
0, lwl < A



52 3 KB AR5 -

A L A AN A 2 M e (1 1 573

A3 BT 18 {1 A PR D5 B AT 60T, Ak RS RS
T‘ﬁﬁAFE%% {EA5 SRR T LS 2 A 1
o WEMEHAR G S BRI, B ol
<A, 0, 5o 25 22 N TR RIS . PR
HAA B, bR TAE P AUE B 5 B (A 3y
o B{EL BRESORI [ (B A9 26 BULE B (A B 7 vk rp e i

HEAERT, FESEBRAL PR R AU B P15 38 Y 1
PR
3.2 FBRABENKEERFE

NP BE AR (S5 AN S AL W 2

RIS SV AUPS S5 € M IR 2 7S eiiibus
TR -2 10 75 3L REA S B IR B 55 Al
oM TIRZE, RER DN AT

7 ANTESE R B R BRI 1 Dh ol A 30k
SO, A LA SR R A T U T SO AN S 5 A
FOBLE ™, SRR AT (20, S 19 P 25 W 4
%,WﬁﬂZ%%ﬁﬁh?,Mﬁ%%T%ﬁﬁ%
WL He PR - KM - T AR

x = Ave, yS_, (T(S,(x))) (25)

s Ave JpsRF-1 5 H FREIEH; S, - F#
TEES b AALHE RS T S, WGBS T FoR(E
SRS

PR A B M BB

OXE FGHAT PR EAE S KE N 5

QTEA R T B HUINE I3 i )55 5 AR IR A 26
1 ALIE BE SR BN il R EOTHE AR A
IR AL

M 18] 5 12 (K 1o R EONS /N e R B A T
B 2 MR Kb 2 5

@I 2 M J5 TR /N R ECE S 5

OHE T4 R S 0] A% K- 24 B (55
4 HIEIE
4.1 BEEHELE
4.1.1 4% Ricker Tk X E

ALY Ricker I8 45 ey 8 19 e 75 /5 R A
symd /N3 IEAT /NI __*hd\ai%n%Z$z?rﬂ*‘a
AN AL B, AR A MRERINIE 1, &
B o

M1 FE 2 AT LUE 5 AN R A

GLES

i

. WEME
[ =] —

=

—_ O =

1 Ricker Fif f1& M Ricker Fif

Fig.1 Ricker wavelet and noised Ricker wavelet

MR fEL

Sboocoo—
B N0

SrmrTTTT

1
10 20 30 40 50 60 70 80
I} 18] /ms

ML
Sbsoocooo
BN NN

(=}
(=1
[3o3
(=4
%)
[=}
B
=4

50 60 70 80 90 100
[ 1] /ms
B2 ZHR/NEMEBARTE _R/INEEBEITEE
Fig. 2 Denoising comparison of second generation
wavelet and translation invariant of second

generation wavelet

s PR AR T ARINECAE 5 RACR O B
# —HARTE T RMERCR, LS (RS L T A
5T o TR R AN R A S R
PUNBER) EMOR, SRR R 12 085 (55 115
WEEL L IR TR A

|| stru(’, || g

|| slrll(? =S || 2

SNR = 10log,,

Kr:s,, BELABGS; s ERBREHRAN
ARAES s || - |3 FmBUL - 2 R0y Ead
TR AR/ M S E S I EM LN 6.013 2,
M A2 RN ARG E S NEWR LIS
8.328 0,

P 3 FNEL 4 43 5 A0 R 38T v ORI SR e
MR v T, S5 FHIE] 6 JE XA R - I Ric-
ker - 43 S HEAT 9 b 2 M 1k A AR B ZE IR LA



574 JLE

PIEIRT VR Y, SFR AR A/ NBAER I E
% ST AR

15 20 25 30 35 40 45 50
%/ Hz

B3 $iZig Ricker Fif

Fig. 3 Ricker wavelet in frequency domain

15 T T T T T T T T T

0 5 10 15 20 25 30 35 40 45 50
%/ Hz

E4 i &S Ricker Fif

Fig.4 Noised Ricker wavelet in frequency domain

N=128

0 5 10 15 20 25 30 35 40 45 50
A2 /Hz

BES5 smEE /N ERE R
Fig. 5 Denoising result of second generation wavelet in
frequency domain

4.1.2 LA XE

TEPEAL BB AR A [ ARl AT P AT 2t [ A A )
B JE R IE T I . 2B IEA 256 TE R0
&, BEERAEEFG Y 4 ms (B 7), FEAEIBAEM
AT (B 8) o XA 43 4T — AR/ NI
A4 LR FS AR B A/ N AR L, JMgR gk

0 5 10 15 20 25 30 35 40 45 50
WA/ Hz

B6 MEFHIBALEZMNNMNEEBRER

Fig. 6 Denoising result of translation invariant of sec-

ond generation wavelet in frequency domain

T T

T
50 100 150 200 250
Hh

B7 GMMEIE

Fig.7 Compound seismic section

0 - =
3 53 5
0.5 S = :
£ i3 ¥
3 ERE= Z
5 :»:" 3
7] = £ F 2~
~ 1 = = g
= 3 s i
z !t T o ;i
F 3 b
1.5 3 E 2
E; =3 ig
2 3
&3
T T
50 200 250

B8 Nk H & AR B E

Fig. 8 Compound seismic section with noise

RANE 9 P 10 Fros, W 22l an el 11 Fnp 12
fizse XTECIE 9, B 10 ] LA P88 A2 i AR
AN ITIEA R LR T D AT, AR T



52 3

XU RS - WO (A AN A 25 I o 4 575

SR Y SRR

I EMR TR AFOREE, &8 B i i &
HOTIEIR L — 1. 82, {0 LU TR B 7S
e TR I REsE . A AU/ poAs e X I
Ja, B9 BRI S R IR T 3. 12, AT

T I L
EEOREE JERERNNRE fit
5 ¥ T 8
0.5 1 ]
.
1.5 _J;
2 -

T T T T
50 100 150 200 250
UNE SIS

B9 ZHRNERER

Fig. 9 Denoising result of second generation wavelet

0 E‘ 3 7 3%
J3Er 33
0.5
v
~ 14
=
P
= !—E. -
1.5 = §?.
&3 E;b
é‘f&
24 = i
$35%
T T = = T T T
50 100 150 200 250
Hb 5 1

B 11 ZR/NEERERE

Fig. 11 Difference section of second generation wavelet

4.2 EEREIERE

N T S R AR ST I I SE PR AR, X
BBt R BORLIEAT 1 PR 5 1k B 2% M Aub PR L
o IR GORILAT 216 IO, BHRERFER]
B 1 ms, i % KAl O IR A o R fl i X
PEEAAE TS DAY o 0 JE5 A S b AT AU
e, FE/NBOER B PR M, R MRAT RN
14 fiR. alLLA AR 14 77 AR 2 Bl A 14 22
A, AR O 3 A RO, 5 R R Y S

RS A A AN R e R, 10 R AR
SHEME T N 5. 16, T et 2 M kR T A
FERIMEIRELAOXS EE T DL, PR AV AN
AR TS ST, SR TR R,
AR A TR R A O

|-

T T T
100 150 200 250

s

E10 FHRAZE-NRNEERER

Denoising result of translation invariant of sec-

Fig. 10
ond generation wavelet

5 5554 TS
$E53 5%’ x5 % 5
> o & - F;» _%>45_E
0.54 =3 £+
i% T
=32
%) EEE:
~ =+
= 1 i3
= 3E
433
1.59 j.:;- =|‘E;b T
$=33
2 1 —k:d
3 = 3
SEXs
T T = - T T T
50 100 150 200 250
Hh 2 it

E12 FRAZE_RNMNEEREINE
Fig. 12 Difference section of translation invariant of sec-
ond generation wavelet

B 1S SRR A AR i AN R RS AR, XL
Pl 14 TR H O o A oo 45 21 1 AR G I BR
Ba iy B WA ) TR PR T 18] 16 FIE 17 2
Il AN 2 M 2 T AR A B AN
WRIE AT, X L P2 R 35 A e s 2 i ] A
P, /DN R 2R I 1 e P ) T PR 4 527 A1 ST A
AFFAE T S B — € AN ELENE, A SO ik 5
J5 W B AL 7 S BRI 4



576 pL S R )

9536 &

UNESIS
20 40 60 80 100 120 140 160 180 200

E13 EERIEGRERAHE
Fig. 13 Section of a real seismic data with noise
Hh 5% T

60 80 100 120 140 160 180 200

E15 FEBATE_NNEEBRER
Fig. 15 Denoising result of translation invariant of sec-
ond generation wavelet

Mo 1E
20 40 60 80 100 120 140 160 180 200
e e s 2

o

0.1
0.2+

0.3%

i)/ s

0.4
0.5

0.64

E17 FHRAZENRNEEREINE

Fig. 17 Difference section of translation invariant of

second generation wavelet in denoising

20 40 60 100 120 140 160 180 200
— o

E14 ZRNEERER

Fig. 14 Denoising result of second generation wavelet

b i
20 40 60 80 100 120 140 160 180 200

I 18]/

E16 —R/NEERERE
Fig. 16 Difference section of second generation wavelet
in denoising

REW], PREAZRE T AUVNERET I REA R LR
DR AT TR, 21 L AR VR (5 R L

5 #it

(1) ZAR/INB AR - 52 AN A i A/
BB ] LR G i PR B A AR S 0, i 2 BL
BA55, HFBALE —A/NETERER RS R,
B2 R MR L 7 T AT S A AR

(2) AFE B LI EN A RA R B
RIGFEM, — R PRI i 2 KR T B3 2R
fiE A I8 R A B B BT R T 5 A A L Y 2
R

(3) BEAURE 12058 A0 S B i R A5 R R
TR ) 25 T 1 AR 10 ] W P AN T 2 i Ak



52 3

KGR X P B (3 AR AN i 2 M ) 1o 577

MRS, BEEPOERDEHYE, TR M
S E R LR HAF A R RACR

S &3k -
(1] ZEpRAG. SERPKRR PR A E E% [M]. Jbat: AT

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

A H AL, 1993 107-120.

LI Qing-zhong. On the way to precise exploration [ M ].
Beijing: Petroleum Industry Press, 1993. 107-120.
Rwd, TR, BhEN, % F-X SR RmR
[J]. AihdtBRyyEEEHE, 2003, 38 (2). 273-282.
KANG Ye, YU Cheng-ye, JIA Wo, et al. Research on
de-noising in F-X domain [J]. Oil Geophysical Pros-
pecting, 2003, 38 (2). 273-282.

Daubechies 1. Where do wavelets come from? a personal
point of view [ J]. Proceedings of the IEEE, 1996, 84
(4): 510-513.

Sweldens W. The lifting scheme: a custom-design con-
struction of biorthogonal wavelets [ J]. Applied & Com-
putational Harmonic Analysis, 1996, 3 (2). 186-200.
Sweldens W, Schré P. Building your own wavelets at
home [ J].
Springer Verlag, 1998, 90, 72-107.

PRI, . 25 AN PR e S A AR T 2%
WER NI (], AR, 2004, 2 (6): 70-74.
CHEN Xiang-peng, CAO Si-yuan. The second genera-

Lecture Notes in Earth Sciences Berlin

tion wavelet transform and its application in seismic signal
denoising [ J ]. Petroleum Geophysical Exploration,
2004, 2 (6): 70-74.
Donoho D L. De-noising by soft-thresholding [J]. IEEE
Transactions on Information Theory, 1995, 41 (3):
613-627.
Coifman R R, Donoho D L. Translation-invariant de-noi-
sing [ J]. Neuroimage, 1995, 103 (2): 125-150.
WRBE, BUWIR, XMk, S5, TSR (6 B9 F RS A
AN B FBG 255 [T el ¥ - Bot,
2013 (2): 246-252.
CHEN Yong, HE Ming-ling, LIU Huan-lin, et al. Treat-
ment of FBG sensing signal by translation invariant wave-
let with an improved threshold [ J]. Photoelectron La-
ser, 2013 (2). 246-252.
P /N e AR 2 MR R A SAR IR T B
Al BULE e 3 (D] BRPG: 7% B K.
2011.
LU Jing.

Image denoising based on wavelet transform

(11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

and its application in SAR image: master’s degree thesis
[D]. Shanxi; Xi’an University of Science and Technol-
ogy, 2011.

FER, NBCEH RO (], Wi
AR, 2001, 23 (4): 229-302.

ZHAN Yi. A method of elimation noise by wavelet trans-
form [J].
Geochemical Exploration, 2001, 23 (4). 229-302.
DFLL, WU, #RK N T BN [T].
HHHLEAR S % &, 2003, 13 (8): 93-94.

MA Xiu-hong, CAO Ji-ping, DONG Sheng-fei. Wave-

Computing Techniques for Geophysical &

let analysis and its application [J]. Computer Technol-
ogy and Development, 2003, 13 (8): 93-94.

N FET/NEMEBREREOR [J]. BHE R,
2010 (30) . 425-426.

SUN Xiu-yan. Image denoising technology based on
wavelet [ J].
2010 (30). 425-426.

RER, Wk, IR 82 UM RE R
R Ko L] B R 4R 5 AL B, 2005, 20
(3). 281-285.

WU Yan-hua, ZHONG Zi-fa, CAI Wei-dong. Im-

Scientific and Technical Information,

provement and application of second generation wavelet
transform algorithm [J]. Journal of Data Acquisition &
Processing, 2005, 20 (3). 281-285.

BTN /DR T U5k B OHAE 52 Dl Ak B P Y
R (I TR AR 4l AR, 2006,
34 (1): 99-102.

HU Ning-jie. The lifting scheme for wavelet transform
and its application in earthquake wave process [J].
Journal of Henan Institute of Science & Technology,
2006, 34 (1):99-102.

Donoho D L, Johnstone I M. Adapting to unknown
smoothness via wavelet shrinkage [ J]. Journal of the
American Statistical Association, 1995, 90 (432):.
1200-1224.

Mallat S G. Multiresolution approximation and wavelet
orthonormal bases of 12 (R) [J].
American Mathematical Society, 1989, 315 (1): 69-
87.

Transactions of the

Mallat S G. A theory for multiresolution signal decompo-
sition; the wavelet representation [ J]. IEEE Transac-
tions on Pattern Analysis & Machine Intelligence, 1989,
11 (7). 674-693.



578

JLE

Jit

%536 15

[19]

[20]

[21]

(22]

T, XU, KPS BETARIHRIE A R
ARBAE B /N B 25 M HOR [T]. Mo Bk Wy B 0E
2008, 23 (4). 1124-1130.

WANG Dian, LIU Cai, LIU Yang, et al. Application
of wavelet transform based on lifting scheme and percen-
tiles soft-threshold to elimation of seismic random noise
[J]. Progress in Geophysics, 2008, 23 (4): 1124-
1130.

RS, A, WIRE, F. PR/ N EIE X
WRAE W R IREN (5 S A B R [T, MRS SR
FhEl, 2008, 28 (6): 17-19.

TANG Gui-ji, CAI Wei, HU Ai-jun, et al. Applica-
tion of translation invariant wavelet threshold denoising
method in vibration signal processing of gears [ J].
Noise & Vibration Control, 2008, 28 (6): 17-19.
BEf, gkl , PRRE, 5. —FhsoHBIER-FRAL
WHEIRGESER I (] SR S0, 2008,
23 (6): 668-672.

XUE Wei, ZHANG Jian, CHEN Liang-zhang, et al.
Translation-invariant denoising method based on im-
proved threshold for Radar signal [J]. Journal of Data
Acquisition & Processing, 2008, 23 (6): 668-672.
WEMEA]. HRRAE S /NI T IE R . A2 L
W3 [D]. Kb IRy, 2007.

[23]

(24]

[25]

YAO Sheng-li. Study on methods of noise removing by
wavelet and their applications to seismic data process-
ing: master’s degree thesis [ D]. Changsha: Central
South University, 2007.

ERL, MALL, wan, . T UCE/ Nk
HERfFS2me [J]. AR, 2011, 30 (2): 277-
281.

WANG Pei-mao, YANG Dong-mei, GAO Ru, et al.
Seismic signal denoising by match wavelet packet algo-
rithm [ J]. Global Geology, 2011, 30 (2): 277-
281.

B, AR, RN, S5 NECRRIEAI TOR
EMEAOLA e PN [T]. IR, 2014, 33
(1): 200-208.

LI Hong-yu, YANG Chang-bao, WU Yan-gang, et al.
Application of wavelet transform for de-noising and po-
tential field separation in gravity and magnetic data pro-
cessing [ J]. Global Geology, 2014, 33 (1):. 200-
208.

TRUgE. /NBBERRIE IS 5T AL
W3 [D]. K& FHMKR:, 2008.

XU Zheng-wei. Research on characterictic selecting of
wavelet thresholding and denoise: master’s degree thesis

[D]. Changchun; Jilin University, 2008.



