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Wavelet Denoising Algorithm Based on Fuzzy
Threshold for Pulsar Signal

Yan Di, Xu Luping, Xie Zhenhua
(School of Electronic Engineering, Xidian University, Xi’an 710071, China)

Abstract; In order to improve the signal-to-noise ratio (SNR) of the pulsar signal, a wavelet
denoising algorithm based on fuzzy threshold is put forward., The core of the algorithm is as
follows: firstly, the fuzzy theory is introduced, by formulating the membership functions, the
membership grade of each sample is calculated, then the threshold is set up and the membership
grade is analyzed by using the wavelet denoising method, the samples that are larger than the
threshold are categorized to the signal, and the others to the noise so as to achieve the aim for
suppressing the noise and retaining the signal. Simulation result shows that, compared to the two
methods based on minimax theory and stein unbias similar estimate theory respectively, the SNR
of the pulsar signal of the proposed algorithm is increased by 5 to 6 dB while keeping the details
of it.

Keywords: fuzzy threshold value; wavelet transform; pulsar signal; membership function

ok B — b PR [ B 9T B SR i
B HR i EA AL SR G B SRS PR S S) 4. AR
oK ko 2 el FAETEIE E AL AT AR B S A
P A A A5 U T 2 B H ok (14 LR 0 H 45 32 3
PHEZRATBISCTE. 810, Bk vh 2 4L THEHERZY 3 000
~55 000 JEAFAYRE L IR 25 v, Jik o B2 Bk oh 55 1 1
FIHER G B (5 S RER A 10 7 ~10 % W/(m’ »

Hz) 3 Bl B s [ ) Jot 8 300 » i R 4 80 14 fik

ks H . 2007-01-29.
F ARPBlE R4 BhI H (60472085).

A (5 5 PR B AR M S v, Rk o B AR S
() A M ARSI 5 B 2 S A ik v L 7 FH A R4

INDE AR ELA ARV 2 0 PR A e S
A FEAR S 250 T F B PR A S i TNk
AR R0 B R K IR B A A S, AT R
AR -4t 368 T R 4 I 75 S YR R BY JRUR s S (ERE
T 24 F9 1) RTJRS 4 ] 35 B (1. 1995 4F, Donoho ™ ¢
YR T /NI B (X A IR T — R 3

PEH A« T (1983 ~) L AL A s VRS (KR D L 5 B iR AR 0l BEGIiE . [



1194 o %

il

K% % il CHEOR

{EL AL B RELRR A /N S RO . AR L TR
SRR IR AE HTE T I N S AR Y
IR ST A B s MM 512 i >R P %) Bef 1 o 50 260 1
BRI A AR A — S R 0 8 1 1 R 10 A e
PR R PR T B0 1 2 DA e i e Al TR /N i
FHGWAE TS5 0 /N R 8] A7 7 1H E i 22
S X BEHREE BRI T T /NI MR ROR. I
AR SR DB LT3R — i i v I 2k A8 1 ke AL 1Y
CRERIANOINe S = VAN A1 IRy & i SU = o)
Jik o E ST/ N )2 R B 5 o 5 R
S AEANR X S e e oy b B A [ A SO A X —
FEAE G T R A3 B B 73k 5 ABORT BRI
T SR e R AR B — S SRR RS S IR LY
SK S A A2 AR s AT /N T R I 43 SR AR
/N TG L 2% (SURED [ {5 1A SCH8 Y B 4
W {E X BO329 + 54 Jok v B 14 4 5k Bk ob A% 5 i 4T
NI M XoF T 2 5 45 R SR WA SO 4t Y O 1
TE M- ORI 55 5 0 TR A — 2 L3
1 T RO 1 (1Y /N B T R Rk
ISR R

— YT S /NI R AT 3R 3 PR
(1) e/ IV R AN/ INIBE o3 it 2280 % i A e 97
TN A 5

C2) WA o T D 5 (] ) P ot 5 {1 8 6 o 1
BRIBSONT e /N R B AT Ab B

(3050 B E o /N 2R B, HAA) J A 4G
RPN R e X5 o il

N R — P AR M 1 T B R AR /DN R
PR AE I /N R B E A T A R 3R 1 L0 E Y.
(L A% A 2 1 P M b B DG B R H RG22 R
{8 A RT LA 32 42 Jeg 1 1 60 Jmy 350 10 A P 26 42 Sy 1)
1B F 24 Stein JC i XUBS: 5 {8 388 FH 90 (6L L AR R /)
IR = A 5

(1) Stein XS B {H (rigrsure BN . 5% Stein
el AR 5 B (SURED iy 5 1 {8 %) 45 7€ {8 A i
ARG T FFXF AR AR Ak 1 d5e /N B — Fh AR
Ry k.

(2) 38 ] 1B (B (sqtwolog B « >R Y [ 5 1]
B KK

1.1

n
Z | Wj & ‘
k=1

~0.674 5n
Ko WRFFS I %0, 2585 J2DE L A

A =c2lbn)'? (D

/N R <G <m , 1<<k<<n) s n FIZJZTT/INEREL
A5 m Ry B A/ INIE o3 S H

O KM /IN BB 7 s (minimax HLIUD < % A%
T/ BR = A A DA /N3 7 iR 22 o0 H A PR
FEA— AR L R TS 2 L A (B T A R
14— 8 {1 26 By =

(D Ja K X BAE T % (heursure B <R A A
A 5 UEA T (R

DLl B 4 e (R 0T S 2 4 R A T L, HLas ]
B AR B RN S8 R — 2 R ECR A R B R
W], PO A AR s 75 1 [] IF e B 3R T 15 5 B s s
B 52 R BERR R % A — e — R
P AR A AR R T 1 A D e R AR
FEIRAF T o R TS Ay s LS I TR R A L
G5 R b BB DR Ak, BT DL A8 /NI o0 )« T
FHZIN I R W s SOKEA T H A5 21 0% (A A Je S 1
I I 5 {1 >R Ak 2L,
1.2 SINEHASME it /iR BB TE R

e R E . % A, FORTERS ) 2
(5] 2 R 3 7 8 L ) 0 T AR AT 2R (H E B A
SR N B N B 25 O T 22 AT /NI R A R
SEOTER. S/ INIE S R E AL n T ool 21 /NI R AL
Ho AT KEATREMER T 0. 27 R A L3k Stein
Te s RIS (5 {8 7 0 1 2 A 265 7 )23 BRI » ALK [T 5 )
{8 2] A BT B, 05 5 T M IR, i 25 I 7 1 4
K 3 A R (R0 B 1 AT LA A4 B 2 i /NI R KL
ARSI LU A 5 TS ELp 35

PR s AR ST AT H YR TR — A 37 Hh AR
JI 5T PR AN /NI R AT AT AAT 2,
A SCR Bk b AR5 456 — i R RIS 43
At HoSR & R B — OB T LS

0 w; <a
Alw. ) =
o {f(wj_k) W, > a

K ea A H SRR B R B0 e 5 AR Al i 28
BN R B I ES ; f Cw, ) S ANEE BREL, AT 58 o X B
prEe G ESI N EINNE WNERE 8 1B o T RE AR = 51
I sRECT B AR f (o, ) FIEA Ny

Ja)j.,\,—a
b—a
11 wj,;\,>b

ST I 1 S 8 B B AT AR ) /) (R0 FE R
H

(2)

a<w,<b

flw,,) = (3)

flw,,) =



510 4

SRR 7 QUI=Y RS IUE I I R EWANYid 30 = RS 1195

J% ™ ;Sin[l)za @
1

D
Ao JysR R B R B 5 HE A (0, ) =1 BY5E
PUBIRRABARE. a 1 b A T LI E i E TR AT
L BR AT 2216 Ay s B o O A3 (R e
F/NF AT B4 /N R B AT T i W 72 L
LAAH15 /N R BT A I SR R U 38R
HEST 0. H A KR, [WIRE O KT A i vl g
GRS 7= A M A0 /NI RO T AT B, A
S L PR SO T 11— A SRRIR. 435I
AN 1—ARAS

Aj—a
b—a

Af—a
b—a

A —=AQ0 4+ 1
- ' =q

1—2A
- (6)
—/)J

A —AQCHAD
1—24A
X >a.s A <b
XTI RS R 4 B A0 A AT 1—A
AR W@ it
s n(x\f —/1:) 2arcsin®(2A—1) a‘

=1—A

l (5)
|

A Jaresin(2A 1) 20— )

. (=) 2aresinfCA—1) _
7" daresin(2A—1) 7 (/1? — /\f)

X >as A <b (7

2 MR SE B SRR

ARSCRFH B03294-54 Jik i B AH S 8 ik b 2
FE BRI 714,519 7 ms, HAE 55 20H A
Jei  FE— BRI N AR RAES- an & 1 .

TR SO 0 /0N D8 T MR kL i e TR AN
SR FH /N R wavedec™ #EAT /N 43l SR JE R
FHASSCHE W I 77 351 58 B A SR 55 T (L 1) S 8 3
1 2 AL PO /N8 9 MR 407 PR 2L wdenemp SE Y
FAEME A3, 1] 2 FIEl 3 43 BIE R T2 B8 g0
U SR JE B2 bR ESCRA A2 19 [ (i 7 I 7. Matlab 7. 0 345
ST

H & 2 181 3 T LLE Y SR FHREM 6 7 ik i 4T

500 600 700 800
KA [/ms

B 1 R R B0329-+54 L E(EE

87

600 700 800 900
RAEI [H/ms

P2 ITEE R IR s i 2 ok il i A
A0 (LT R S 1) bk e B £ 5

600 700 800 900

K HE 1 []/ms

3 TG SR 2 pR K0 5 A6
e ERTEL ) S X ey

IR S AF S IEE A T B N
SACES T I EWOIE B A BTSSR T
S G EREA SRR
1R T PIRR T B MR S
{5 X E.
A1 KRR BE N 2R AT B 15 515k b bk

1 ik b B A5 5

kb 055 THfEM L/ dB
R RS 27.066 7
FHT: M0 S5 e 132 R K500 2 S A0H 0 L3 e f 32.769 8
FH U T H2 T 2 R 500 A 0 0 M 33.568 1




1196

CHEOR

AR SR FH KM /M SR BR L SURE J 316 5 1
(B AT IS MR A 45 SR N 18] 4 B 7.

AT LA H S — P00 0 (B3 M 7 vk A T PR W s
A — & BRCR BRI XA S A 2k,
WER T AE B 00 T A SO 5 A3 20 S
ST TN 5 8., BT LATE ik op 15 5 F2 1655
AT LIRS bR . 20U wT DL E AR AR 2
W5 H SURE J5HTfff 2 [ {507 M i 45 51, an &) 5
FR.

- AR B

HRES

500 550 600

KA B [A)/ms

650 700 750

B4 RIS SRR ME
U 5 R T MR 2R LU

---- SUREJR #
BIE RS

500

550 600

K Ff i [7)/ms

650 700 750

Bl 5 RIS S SURE JSUH 5 (BT e 45 R LA

3 Ahh

AR SCE A X S B T LA ST — RN
KMER I T I5. i T/ N B A £ 5 Ak B
M 7 25 BR T TR DL 3 s (A5 /N AR Sy H 4 o B Y —
Folt 554k BB (E I R 1% 29 ff 130 (R LA S i R i
/N SURE Js R 5 13 {8075 36 75455 T MR I #8777
T MRS AN I J s 5 o % 7 5 ey A AR SR
HHY B RSOAS)  {ELAA AE F) J 1 A N A i 2 BRI P A

TN TR BRI E E R
52 49 [ S W

S5 Tk -

[1] Mallat S, Hwang W L. Singularity detection and pro-
cessing with wavelets [ J]. TEEE Transactions on Infor-
mation Theory,1992,38(2) :617-643.

Donoho D L.
IEEE Transactions on IT,1995 41(3):613-627.

S W P TRV A S ST A PSR 1) D e 2
TPkl AR . 1998, 26(1) :115-117,

Pan Quan, Dai Guanzhong, Zhang Hongcai. A thresh-

[2] De-noising by soft-thresholding [ J .

[3]

old selection method for hard-threshold filter algorithm
[J]. Acta Electronica Sinica, 1998, 26(1):115-117.
JRVRA 25 Y, 25 48 B L A6 T /DN F 1 A i 1 £
PRI 5 i L)L R R T B R L 2006, 28
(2):173-177.

Zhou Huailai, Li Luming, L.uo Shengxian, et al. A

[4]

method of improved threshold function denoising based
on wavelet analysis [ J]. Computing Techniques for
Geophysical and Geochemical Exploration, 2006, 28
(2):173-177.

ot Wh W, £ 35, —F BT Bayes £ 19/ A
L et SRR S R I N N oF 8
2006,21(1):37-41.

He Hongying, Yao Jiangang, Wang Ling. Wavelet
adaptive method for insulator infrared image denoising
based on Bayes estimation [ ]J]. Transactions of China
Electrotechnical Society, 2006,21(1) :37-41.

[6] Shark L. K, Yu C. Denoising by optimal fuzzy threshol-
ding in wavelet domain [J]. Electronics Letters, 2000,
36(6):581-582.

BT R85 . 2R ARV 45 MATLAB BB 3 T HAT Y
M SR HIMI. JEat: Bl Rkt . 2001
B, TR B, T MATLAB (Y R G40
SR/ AT IM. P4 P2 RO
Rt 1999,

AR RE S BTN B 285 vk 0 Bl Jr 3
1. BAR L T4 AR . 2005, 28(1) :8-10.

Cui Hua, Song Guoxiang. A kind of modified project

[7]

[8]

[9]

based on the wavelet threshold denoising method [ J].
Modern Electronic Technique,2005,28(1) :8-10.

(Umtg X #)



