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Abstract: A weighted algorithm of sparse decomposition 1s developed for recovery of signal in strong background noise. To find
the real components in a complete dictionary, the cost function can be constructed by a weighted sum of the / — 2 norm of residual er-
rors and [ — 1 norm of sparse components. Taking complete dictionary as the multiresolution wavelets, a feasible penalty formula is de-
duced according to two-scale relation of additive noise in waveleis dictionary. Analyzing the resolving process of minimum [ — 1 prob-
lem, proposed is the difference of [ — 1 norm of signal components as converge condition, where the difference is derived from the re-

sults of successive two iterative steps.The method is confirmed by both simulated and real data.

Key words:

1 5|8

HEREEHT, RINFEERNRFERTRERENGE
SR, I, B R R R P IR S R A R T
BAETF 0.0 dB, XK ETREANTRBFRIGH T E MR
EFEHRRAMETEER T BRI A7

B ERE A AR MR KEH 8K TEY, Donoho
W THHSE P ERNERHE, FEGHBIETETS P
KBS B MET R . Olshausen IR T X T EIZ MW H
BAHBEHEE, TR ERS NG S PEI BN,
FESCHR[3] 74, Olshausen 1 Field #5 1 , FE ¥ A B, W
BNZEA-TEBETUEEERBENFTAERSHITS
(over-complete) B ¥ 2 F i — A&k, BX F— B ME
£ AUNEBEESRD B BB LGS RE, N
BT — N EYENLH.

iR H 3 :2002-06-28 ; 2 [5] H $4 : 2003-06-19

sparsity decomposition; multiresolution wavelets; minimum [ — 1 norm optimization; noise reduction

WA BN I EE- BRESNBEEGHET BT
HARGUR . Lewicki ZH BB T - HEEESIHHAF.E
B3t Chen.S.S IS @ WA —F T I' B4 BP(Basis
Pursuit) 3% 5 3K i3 58 45 -9 1 32 14 (6] & . Michael Zibulevsky
FRX ML, Beyes TR T - M5 S E A HEE
FAE 12 88 ] — RS S WS R, Huo
Xiao-ming #3E T — R 0E T I BLAGAM R EE EERAMN
BN ERFL TBERERS .

TESCHER[S]H, Chen.S. S & 3L A BP B iAfR IR 2R M
BT THE  ER D FIFRERE LT, IWE T Xt BOB(Best Or-
thogonal Basis) ,MOF( Method of Frames)MP(Matching Pursuit)
BP A EME R X B, BATLL Huo Xiao-ming B E T !
B BBy R i T R N R R T 8 IR
ZREXFRBIEZRRMN BRI, FHHERNTERIBROA
WHE K5 S HWBHI R, B T —HMF BREL A s

E&TH : BR B ABEEHES (No.90208003) ; M F B F L R ES MB T HREBABIFKE LI B (No.2002065)



568 B OF E B 2004 4
BT ik Wn(s, %) n(x) B/NEZS. ERE s TA:
2 BEENERSE E[1Wn(s,x)12] =JJ—Q£L2—"—2 Q)
2.1 E5HRE g ll?, o AE%. FREE

IR R MR ERE -, R AE S B TRES
FIERBTREF WIS, LBR T REMFHAFE. BHEE
BEYOT R RBBI TR B B 2R T LRI,
Gabor /N , 513 Gabor /NJE, /ML, Cosine %KM . 5
—AEE DIEHR(D,),ET,r R—BE. Flk, FSTLI#

AT EHER: s= > D, (1)
TESENELSHR

s= i@ici +R (2)
REEHRE. ’

HEEXERBITZER, /KA, Cosine 0%, B4
WABS LEMERALE&E, YRARAT S EERR
REESHREFEE K. Bk, RRANRERERFSR
LB EERD.

EhE, ERFERT, YROURER 52 & E
Z5r P/ NEE ) TR — MR L2 AR IR, DR IR S R
AbsbEF 5.

2.2 WESW—B/D I IR

MEEE R R 1 SORME, BR P ERROK, W
SRR R E AR, YR X R md k. A I i
BT BUX AR . —ME S N BEFE R AR P R N W i
WRRIAERESE— A RA R (N mHg) , JwT L7
A—MEPEREN I R DIEE ST X, &
IR FACRY TR 11 B/ (R0 . T 7 30 F S48
LIAEE :

mcin”CHl WE|s-0Cl,<e (3)
SR B B R Tk, A .
min || § - @C |3+ 4(C) (4)
Huo Xiao-ming!® & L T— LAY 1 BEEIFRAK .
,ZJ(C,}’)=!C|+~17—e'7'C|—%,7>0 (5)

AUBHE >+ 0,0(C, 7)1 CILLEAT p(C)RNK, B
REZBSE, B (5)TUAFMERRE. TR 25
A FRGERR, BT LURE T E SR A T

Rl AR C R (4) 898, W T E RS BAL

| @"(s~ 0t) | w <5 (6)

3 WBSMEMBUERE

3.1 WHTRRASFE & 2 B/ BER THOBHR K R
ETEA BB, ROTURESARE T2
Vo, Wo, Wy, 1 W_ 1, X B, T o5 0~ j - 1 XTRLT MK
BIRAR RSP X T RHTRA , A TR R0
B () BEMHER o KRHTERA, o RES/NE,

E[1Wn(s,x) 1= (E[ I Wa(s,2)12])? = ks~ (8)

by IER. AR o K28, W B £(x) /B
¥E:

|Wf(s,x)|_<_kzs" (9)

by AR —BAAFENEEFHERERRT 0N, M H

SR MR TEI o W (= - = - o), B, A
WP AR LR B T RN BB T 2R AT R,
FIFSR(O), TRBBIRHTYE n(x) S MERE s THE
B IHMEZ R IIEE

E(Wn(s,x) )< kys” (10)

HF 0=~ s o= max(e) , b AHHL.
B (8) . (10), BAFFER B ¢ € [0, e 7 ko, 78
E(Wn(s,x)|)=kys~V2-e (11)
BTGP I HAKE A

helhi=23 gl (12)

j=0
FEZRENEEST T8 j T2, 8RB
il yoc (2)12 (13)

HWAE “ 51 “ 1 _ (2)1/2+sc (14)
[ Ci-1 f 1

RO MG FRATRSEE _RENER T ARR
BRI, 8 20 HFEME V, WETNRE, X FEH
W, BT RR:

A=(8)Y* %2y,  O=2 (15)

BAER(14) , B 6 FK T2 BRI AR 47 4 T 4, 38
B RATHRAL R (4 W R B H R

mj“”s— ?_,: CP,C,-“§+ ZO:A,;D(C,-) (16)
3.2 BHRIBHIEKR KRS
HH, F RSN FR e, F SR N TR
s=x+& 17
EBINFR—NBHHARE, » EREFRNES.

L PER B B/ NE N, BRTRAE R4 H
FH, ERA TENFESE, \TTURBER T FEEF RS
IR B . BR4E R AL E R (16) , B BAREBBR T I %t
BIRRERAEERSN, BERET || s - 6C || 3, HBFTRBIES
B FT R BRI S P I TR, LU RERE
SR H—MET. AT BB ER, RITEX B A TER
HBAE, B X TSR BINE S B C, BR/INE S AR A5
B, BERNET ERABHRSB AT EBANES MG,
RIEH ' REX(16) H T s BT R R4 19 BT 15 208
B CP. AN R B AR, 0 FT BB TR 3 0 B AR 7 T A A s A
WGSBS




% 4 M 1@

& WA B AGE A7 i A4 5 A 569

3.3 ERERE SRS
MRE S TR T RS Rk A, BATH
AUERMEEXWE R EFRENERENRE. X
(16)RATENREFZT FRIG SRS WA, Y E
PR ARG 2 RIS B, F TR X B B SR AR 1k A B UGS AR
RAMERE ' WERD. TEXN EREMBSEENTH
.
', C 4B RELW KGR ST, I I a2
A
A(sparse) = [ €U [ - 1 C* [, (18)
TR MR BmAER S , BTN RBE S R4
RS LAY , M T T NS 2R
fclh=tehi+ el (19)
XE, T son SHRRMEEMEE., ZEASNA,
FEE AR I , &R A B H R B | ¢, |,
=0, M+ R A o R TS R4, B
lcli=1cl, (20)
MR (18) AE AR :
A(sparse) = || CL ||, - || G2 1|, (21)
B RBIIRA, X Ao BN, 155 AHREAR /N, 57 LA %
RARBNIE SRR Z BB, W
letlh-1e2ll=o (22)
LA A(sparse)—0 AL,

02

o ¥ " Moo o
0 100 200 300 a0 50 |
(a) p
02
N ©
o~~~ <’/ T~ L
02 F
0 100 200 300 400 500 )

(b)
02

0 ~/\/\/\/- @®

-0.2 i n L
0 100 200 300 400 500 W

@© (&)

E1 FEMEREHRLE (o)IRES; (OMITHES: (o)
HIEAF5%;(d) ~ (NN T 14.5142,9.8894,4.9607
BN R B () ~ (R) AR IT A T/ B RE

4 HRRAESAK
4.1 HERRE
R T BAEX MR, RITBIANTHTERS . K
BWEFERANESRAS St 10]RIEER, ERE TR 4K
—MEEFES:
x(n) = A(0.985)'" 26! ¢0s(270.008n) , n=0,1,--,512
(23)
MRS R BT S R, 50 4 R FE AR A 1 /N I8 BB B symmilet-8 A5 3 .
RU5) FHBHIN Ao = 0.001, 6 = 1.44. BL A (sparse) =
0.01. fF EZR A 1 frn, TR S, EXFS (b) BB T
RET R FRAXR7]IPHFEERERAEENWEL K
Il Citvll €llg,(d) ~ (XM FREHER 14.5142,9.8894,

=

4.9607 B A9/DERLAY , T AR BBEE R T IE, 5 5 50
BRI AR B, T R P R Y R, TE SR R R R
3.2626, MEELESHMEIEN 3.2623. F 1 R (g)FI(h)FR
B, xR IR 7B S 4. AE - Mtk (SNR) 3k 4
BT, AR SLIR AL BRI R(EE 1 SNR 2% - 0.5(dB), T 45 i
FBRMEFS IS, SNR 153 12.919(dB) , B] L 4 % 38 M S (L
AU,

AT H—FBRERMERE TR ERBRGESEMEET, R
ARl s B, BRI (15) B9 Ao = 0.005, 8 = 1.44, UK 8%
FMR A(sparse) = 0.05, {5 5 UG FIFE L, 5 A [F SNR
BT TR, SR WA 2 fik 1 s,

0.2 0.2

0.2 T — -0.2
0

200 400 600
02

02
-0.2 L 0.2
0

200 400 600

02 02
02 -02
0 200 400 600

02 0.2
0 20 0.2

200 400 600 " g 200 400 600

%

200 400 600

=)

%

200 400 600

o

:

(=]

200 400 €00

:

K2 EFARBERFEELTHERER EREZANLET
ARYEINGRFS B oL , WS o8 BE (3R 1, 7 T X JoL Yy R

HAEFTRERMES.
£1 TEAREFATHERER
s faitE5 MRS it efEs
9 SNR fI SNR HIFRELIE FIFR BT
-2.0 12.472 15.095 3.2118
-4.0 11.411 15.926 3.332
-6.0 10.162 16.549 3.5811
-8.0 8.692 16.982 3.9042

ERBHAFETLLA RS SNR 25 13 ~ 17dB. [
HANBHRENERT LR, B AESEE SN ELRE
PEFRHT WK
4.2 EERIEREBEE

ET3TARSEIG 2 SR 52 YA 155 8 i B8 44 (VEP) , HooR B
A 1000Hz, KA BCH 512. 8 3(a) 8 10 RREHNEEN
¥ AT AIE 3(a) S FREUE B R BB AL, A
B 5 TSN A= 0.005, 8 = 1.44, A (sparse) = 0.05,
LERME 3(p) PR FTLED BFRIETRAIES.

5 #ig
BRI, BT E T— A msas R M,



¥ # 2004 &

570 BT

10

> [

= o]

I

3
5
10 . . . . ; (@
] 100 200 300 400 500 600

t/ms

10
) . . . L ®
0 100 200 300 400 500 600

t/ms

B3 WREEEBEIE(VEP) X RMR (o) 10 RPHNE
LA VEP {55 (0) AN RIS

R AT RS A RO MBI R R . I LR b
HERE IMTENTERRFBORIME O, RR  FHk
fESHRE, B A REFEIN AT R . B TR ERE—FE
SREAMFEE, FEB THELRS, thin, & 303 F U
SRS, RIEMBUE AT 7T LAHBR RS R BB T REfT
B, SRTEEAT AN A B AT R BRATTA 5 R B BT A R

BE M :

[ 1] Donoho D L.Sparse Components of Images and Optimal Atomic Decom-
positions[ R] . 1998 Available online at: HYPERLINK “htip://www-
stat. stanford” http://www-stat . stanford . edu/ ~ donoho/Reports/

[2] B A Olshausen, D J Field. Emergence of simple-cell receptive field
properties by leaming a sparse code for natural images[J]. Nature,
1996,381 :607 - 609.

[3] B A Olshausen, D ] Field. Sparse coding with an overcomplete basis
set: a strategy employed by V1[J]? Vision Research, 1997,37:3311 -
3325.

[4] M Lewicki, T Sejnowksi. Learning overcomplete representations[J].
Neural . Computation, 2000, 12:337 — 365

[5] ChenSS,D L Donoho, M A Saunders. Atomic decomposition by basis
pursuit[ J]. SIAM J.Sci Comp, 1999,20(1):33 - 61.

[ 6] Michael Zibulevsky, Barak A Pearlmutter. Blind source separation by
sparse decomposition in a signal dictionary[J]. Neural Computation,
2001,13:863 - 882.

[7] Michael Zibulevsky, Yt‘ahoshua Y Zeevi. Extraction of a Source from
Multichannel Data Using Sparse Decomposition[ R]. Available online
at: HYPERLINK “http://ie. technion. ac. il/ ~ meib” htip://ie.
technion. ac.il/ ~ mcib

[ 8] Huo Xiao-ming. Sparse Image Representation via Combined Transforms
[D].PH. D Paper of Stanford univ. 1999 Available online at: HYPER-
LINK “http://www. isye. gatech. edu/ ~ xiaoming” hitp://www.
isye. gatech. edu/ ~ xiaoming.

[ 9] Stephance Mallat. Sihgularity dection and processing with wavelets[J] .
IEEE trans on information theory, 1992,38:617 — 643.

[10] R R Gharieb, Andrzej Cichocki, et al. Noise reduction in brain evoked
potentials based on third-order correlations[ J ] . IEEE trans on Biomedi-
cal Engineering,2001,48:501 - 512.

TEE”T:

5 & B, 92%3H 138 H4EFm)
RIR,1998 5F 7 H KB I)I| REAYEXTRE
PR -2 47,2003 F 12 A TR PRI R FE A4
BESERERRTEE L2408, RS AR

EYES R, FE O, NEERSE.

. HER H, 1965 F8 AHETEK, BT
| B AEEGR S SRR, B2, ML
4 RIT, RFWSGE AR (SCI28 55 ,E130 %), ¥
B34 RGN ARE NI RS, E WEXE
BAE, TR, A ARE5TEE
¥R SRR, Y EERS.



