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Signal sparse decomposition based on the two dictionary sets

WANG Shu-peng”, WANG Wen-xiang, LI Hong-wei
(School of Mathematics and Physics, China University of Geosciences, Wuhan Hubei 430074, \China)

Abstract: A new sparse decomposition algorithm was presented to get a sparser repiésemtation of the signal. In the

procedure of the algorithm, it established the two dictionary sets consisting of the selectéd Wictionary set and the unselected

dictionary set. The proposed algorithm added a more strict process which selecied the best kernel from the unselected

dictionary set to the original Repeated Weighted Boosting Search ( RWA
model while reserving the advantages of the original algorithm. Th ~§.

several examples.
Key words: two dictionary sets; redundant dictio

Repeated Weight Boosting Search (RWBS) %/
&7

0 3% \3\1
FRETHMBERT BG5BT R R A
1993 47, Mallat Z=11 45 1 DT i3 B ( Matching Pursfiif, MP) &
B W SN e AT ML i T, AT RIS 1 B
Irff. MP BIARRAE—HE N T HE G237 B3
EFERAER BB R R IG5 o LG v LIS R e iR
oA mRRER , B THER Wi S0 B R (i X
F5HENYRIERBE S SEER M AFENRSE) M s
il B T R B A A AT TS R B AR A AT AE
S (FSaS PAT AT 45, 2002 4F
MP 3 (98 BB AT B, Vincent 2510 42 Y — B G Wit i
% (Kemel Matching Pursuit, KMP) B3k %8 30 R — % &
B AFRMSEH SR 58 5 F g, SIEAGE AR
L, FE ¥ B B B 5T A O T A% UG O BRI R B AR T
KMP S35 i 2 80 B /TR @ 2 1, o v] S8 AR e Bk 15
B, 403 45 3 2! (Genetic Algorithm, GA) ., F & R A% #111R
k"1 ( Adaptive Simulated Annealing, ASA) B 3. % F #f
( Particle Swarm Optimization, PSO)&E g2 i fb &1 | 1999
4E,Chen %) 2 1 — F E &2 10 ALAE T #8 R ( Repeated
Weighted Boosting Search, RWBS) B F T L E RIS 40, &
CAASA 2R RAY, ZFETRRE/N, FRENSH
/b FIRE A2 A BRI, BT DA7= A B B B A, 2006
., Xu S M ESHBEAE L L, B TETRA T L

WS B #E:2012-03-27 ; {& (5 H #:2012-05-24,

\\so the proposed algorithm could produce a sparser

\3‘?\\

% veness ol\the proposed algorithm is illustrated through

N
N
cyhing Pursuit ( MP); Kernel Matching Pursuit ( KMP);

W DL BCIE SRR 3R R B B 5 5 o, AL 5 MP 7
WA LRSI A RR G AR AL, (B2, ] MP B3k —#E, Bk
S IR B2 ) b AR K H RN PR

YT BRI, 4G RWBS Bk 1A 52 5 ML PR | F1 XL
TR B R RS P R AR, A SR Y — P T
I M 0 B 2 AR F+ 98 2 ( Two Dictionaries Repeated
Weighted Boosting Search, TDRWBS) & i , Z B 5 K 1t 18 2
B #( Radial Basis Function, RBF) {E R 4% b5, 2% S 808 o3
BRI RWBS B RGI, £8LERIRS, REFY
FRTE TP AR P 3 B A BRI T L e P A TP A e B ELAH
BREWRTEEZERREN T HERMB SR ME D
o, & AL A Bk MR D ki m A R, SR
BB R M AR B SRR, A SRR AR R
ok e
1 RTFRFEENTR S ME &
1.1 &8

HEFRE N AT (1) (1) |V, R 1
— LM, AT LT NARX B0 ik

y() = fy(t-1),-y(t -n,),

pt=-1),,p(t-n,)) +£@) =
J;M(X(t)) +£(1) =

lemgom(X(t)) +E(1) = T (o +£(1)
(1)

ESWE:BR A AP ESHIFE (61071188, 61102103 ) ;#1db4 B AR 2 S

By H (2010CDB04205 ) 5t ok R ZE A BHIT Il 45 3% & T B <& ¥ B3 B (CUG110407) o
EEE T ER(1987 - ), B FALEK A, B BT , FEBTR T AR FEMmET;  EICH(1987 - ), B BHLRIIAL B

TR, RERSOR 5RO E

ERM(1965 - ), 5, M HD A #3R, HE SIW, BB 7 M ARG St E S AR,



EA

FRNE A TREFREGETHRAS B X 2513

X(t) =[y(e-1),-
p( -1, pn(t—n,)]

(1) = [ (1) ,0,(8) - e0u (1) IR
Her: p (o) y(0) £(0) HHFTAB R A B B L K g
FEI 0, o, SRR Ap (0) A y () BIRRER;
£(8) Z— RIS [F) 5370 B0 LR TS TP X (o) FonBEALR
Al f() RARMMARR BT M 2 RBUY B8,
e (X)) (m = 1,2, M) EBIRIB BB (B BB TR
ZM, I Z W NE R BT sw, (m = 1,2,
M) BERIRUE RS W(1) BB R &, 430 R H0k
v 0 A R A R T WA 5 Y S AR T LU B e
St (6) ¥y () 1L, FHRAZEH SR,
1.2 =HEWNMIE

G S B H R AR F AR EK, X HAF R 1
FERA B, RMXMIRIFARE, A THIESH
MBS , R 58 4 ) F IR RHE S AT R 508 , X HE,
- JUAE ) TE SR PN BERRARIIE , By T~ LB RN 19, B X
F MR B E SRR BB Y o £ XA R M ) R &
TE WA R BT AT BUAH A5 5 I B2 7R o AR SUR FH 9 R
BORE T R, — R TR B WA SR PO R E,
WHERR, — B0 MR ESEE , i B 8Ul 26 E .
XEFAR B LS8, AT RES 8 s s
BT W an, — RSB Ll 0, RER 2, 55—
A EET R L 2, R 2.7 L XM R A A

9y(t - ny) ’

IRI o B AT St TAR R H B8, AR TR R S 3 1% R
R ARA R I 1 TR g Fom b0, RER2H ﬁ&

Hig, BTN 2, FUE R 2 0BG g, T
B0 EEH, KR HREEARORH
AR, FF R 6 — R AR ER
reg s

o)) @)

= e -
g = o -5

10
0.9
08
0.7

.. 06

(110 —8 -6 -4 —2 0
ﬁk%
B3 AR R R

1.3 EEMAGRFEREEN

S S FRATIR , 7 215 5 A0 2 [ RE AR SR T 1 i R 1k
A

min J(u) (3)
Hbu = [uy,uy, 0, ] BFEEHTRAN 0 ESEHE,
Ul u P78 FEARSCH i B 0 w, AN AU T 500G S,
SRR, T HE I A4 2R BRI A% R SR 5 2 IR B AR B o 4%
B GlEe i e ol Eﬁ*ﬁa‘&@%&zﬁn?éﬁ%)‘( :

Z¢uu»x
J(u) = (4)

,/Z¢uu» 2@
S AT T AT P 692

Bu,
B GA 1 ASA BiRHE/LIR 15, RWBS B L I S5
A SRR, FT LABC PR b M S, B4 SCHUKE R F RWBS 7
PN R BEGHAT A T . KB R AT PRI SCHR 137, ik 4b
RNESITHASER, (G HE 2 #H RWBS Bk,
| B li=2, - P} |

| é\u1=ﬂt,ﬁ§’ﬂfzﬁi{uili=2,--- LB}

[ HEREES @) |

PSR RN
AR S S,

W S8 e AMEE

22 Uy

B2 RWBS Fpkis
1.4 TDRWBS &xRi

RGBS RANHEE, AXERES M w1
FRELE MR . SRR EIAT R 25 s DL B % i 4L
TR — T AR T BN D A A %
KT 2T Lo iR G, LA 4k 2206 4 D % R
%‘& EAJ AT B AR, T E M YR E r IR X
— T Jah A B R T, W53 D h B kg, 75
’Jﬁ@%&lﬂiﬁ MR AR R, B A RO
,\% D TERE BRI i W B, 4R D has R
YR HAT, BRI R X% BT % R B 3] 7 81
PR, X FHRE D SWELY AR, YTFHRED B
IR, B e B A% R B T RE 2B i RS E BT B2 W 8
5 D i ARG BT, 3 FH BT M s BOAS F T RLAL Y A
B, M BE T HAE D i sl B A A F g . B ik, R R
Al B TF LA D Pk A R B, SR B A AR B A S AR
GBI MRS R B, MFEVT AR RWBS Bk 2al
5| A— BE R RV A R B B 12, BI T B 20 B 1

TDRWBS B¢k, BIERBENE 3 s,
[ S B BARR AR B 0, |

LT IR

B3 MR
L5 R#HEHESRE
AR RSN T A

DN & RSNy, By, =y, i3 RWBS &
BRI RN @, HRE N w,, , D P 5YRREES
HXEBRRAE SN o, IR R w, , T HTICE E R EEE
B,

B BASBIT .

TEREREE k% B BeRet, 2 BT E SR w, Mw,,, , 3
AT



2514

P HEAL B

532 %

B1F WR|w, > w, | W @ 2R RAE
BT g = 04,00 = 0u, OBHAS AR (VNS0T 4
HOTAAUE ESEATER, B Yics = Ve — Wtk = b+ 1,

F28  WF|w,|< |w,, | U kB HERRER
BT

1) 4HHE R T PAME R BRI IR A 5

Yo =X — Wiy (5)

Yiew = Vi~ WoewPuow (6)

2) HERNERAE S X RE,

.= Vi = Yuew 1)
e |

3) A ) R R R T R 4R B DA R B, 2R
r< T, Wik o, B BB EREL TR w, = w0, = ¢
IR st 47 ECA AL 220 A 2 A% o8 S5 s SR ATAEL B A7 B35 R
r> T, Wik @, AR BT EH wo = Woe s P =
Brw » FIPREBTZ RECA N 7 H04E D

4) B ERS

Yirt = Vi — WouPopt (8) =

E=k+1

#3% HEREWMRLILZMA, MRWERE BELN;
BWEERE 1 5,

1.6 SFEDH
TDRWBS 531 RWBS B ik i R B AR Z AL FE T

fir) RWBS Bk, AHRITATHE , (A A 7 10

SR YR T2 W ) 28, AR A 9 DK
R T RS, A Rk R I A
e,

T(k) =T, xa (9)
Hi1:0.6 < @ < 13T, SRR, ENT Lk BSRUCHGN
AR HRIE PR T SRR AR RO , T O 5 A
SR WA IR I ST bR 3 1
ik,

Hy F AR AT B NEWBS 5707, 3 2
e T R R PR T PE o S 2 — B R A A
BARE N, SRR A 4T S0 T B B R 015 B
TR WEMRBAII S M F R R R A S
AL RIS S T — M AFCHE RN LB B T R
BIP= 2 P B R R A 2 LR LA . B
A T A () 06 8 9 Bt — K R BB
T @S A A RR

it 3 AN ERXT R LT TRIE, A ERR AR E
— YR B i PR A BRI R BT T SR T
SEHR AR R AR HE s 55 = SE 5 0 A TIMIT %048 P h 42
B 31 SHSGHEE RS RS, 70 HR HASCH 5 (TDRWBS
BEL) ik RWBS B aonf DA b 3 A LI ¥l 24T T 4L 3,
KRPBER S EISHR G, Wil T A BB T,

g1 —4FS.

i (10) 74 500 I AT -

LN

-2.(@
&
B RS R, S T =0, )] TDRWBS ﬁg%@@%& o

=,

sin(x)

X
Hodx e E R - 10,101 _ER SRR £ HIRME
B #ifEER 0.1 MEET RS BksfrdRmbh s ing g
WESCHR 12] 8, REACEEFERMSEME 1 BT
7R RAASC I BB AR AR E S L, TR AW
RWBS B3 % 6 1 (UM 4(a) 778 ) . TDRWBS BBt
BRI 4(b) FiR .

y(x) =0.1x + +sin(0.5x) + £ (10)

Rl AXEEBH
L RE HE
2.6316 1.8630 1.4938
-4.0852 1.8630 -1.5259
-0.1754 0.9315 0.6466
6.3409 0.9315 0.4678
—7.8947 0.9315 0.3595
10 — ¥R WBS Bk SR
o MRS

0 g

\*Q;\\ s
‘—6—4—22 2 4 6 8 10
(a) WEARWBSH EERRCR

— TDRWBHEEEWE SR

o THREEES

0

-1.0

£

-2.0
-10-8 6 -4 -2 0 2 4 6 8 10
x

(b) TDRWBSE L EHZR
B4 TDRWBS kMl RWBS B /e — A e - ot e

LB THEE,
ZRINTERERS:

() = (0.8 -0.5exp (-p’ (2 -1)))u(z -1) -
(0.3 +0.9exp (-p* (1 =1) (2t =2) +
0. 1sin(mu(t-1)) (11)
(&) =p(e) +£(1) (12)
Hrp () BIRMWEHME FREZER 0.3 BT B E~E, U
p(0) =p(-1) = 0.0 FFH, 4 1000 7 EEEHEE, 5T
500 MR U TR RBF W%, J5 500 %03 A T 00
B 5(a) 500 P BREINHEEIE, B 5(b) HLp0) =
p(=1) = 0.1 HHETA 1 1000 4~ JoHR 75 F a5 45088 . S A
X(t) = [y(e-1),p(t - 2) 1" AEREE LR BT iR B
BWEESHNT . MNP, =37, BEERNAR
Ny = 60, FUARFERIRE N, = 20, KL AUARFHE R
PEMEEANERE £, = 0.09, BT FTBLEERME S Fim, R
1 RWBS TR 18 TR (B 5(c) ) , TR A
PR 15 WAl AFGZR(WE 5(d)) .
83 EERES.
EEESEERANERATEHTREES, WX H
AR ENRER S A TIMIT $iE B 2 BCE 31 515
BES, mE 6(a) , FEXZIBEEE S ST MBS TR CE



EA

FRNE A TREFREGETHRAS B X 2515

HERBAL . fiFEE TR RS SF S12 MR R
TR A TR . FIESEAENT AR/
P, =40 EEMRNNRE N, = 60, BUERTHERRE N, =
25, Z A BUE IR HE RS R IAA UK £, = 0.02, RAAX
Trk BIRCRANE 6 (b) B, ®14% RWBS B 3518 2 BRCR M

B 6(c) fiirm.
15
10
05
1 o
=05
-1.0
-15
215 050 05
y(=1) y(=1)
() RS (b) HEFEE S
15 15
1.0 1.0
05 05
o [N}
;L/ 0 LL/ 0
“05 705
-10 -1.0
ST 05 0 0s s 15 05 0 o0s 15
y(=1) ¥y
(c) FIIARWBSEILE AR (d) TDRWBSE L EMRR
K5 TDRWBS &M RWBS B 488 ] b
04
0.3
0.2
01 %
g o % R
s S
-0.3 =
~0457700 200 300 200 500 600 \\\:\1
FHSFT
(a) FIRESES
0.4
83 mk — TDRWBSEiATH LR
= Ol ﬁ Al || REEE
02
0.3
0.4 -
0 100 200 300 400 500 600
KHESFT
(b) TDRWBSE L4 1
0.4
o3 — WARWBSH ik E ML
m 0.1 e BRARIRSE
Z 0
B o1
0.2
-0.3
0.4
0 100 200 300 400 500 600
KBS
(c) FTEARWBS KL iS4 1

B 6 TDRWBS BakHl RWBS B ik7e L b AR LL3BCR

NIKBIFRARRE N FIRES 2% W7 HZR R RWBS
TR B 50 100K o L, i A< 3C TDRWBS H ik R 2 40
TRV AT X B BEK

MELE 3 ANSLETTE A SCE R NR S AT RS
PR ST LU AR ORI AR o TER BRI RS S AT
FORIE, A SCEERERRBEFA B MEX B E R NE
S (HAEEES) ST E W, 7T U] B R A SR
R . R B A RAE 5B, Wi 0 B A5 R 2
B AT EAR D TLA R RO T LU Kot AT 20, BULF

AT EATA SR Z AR T, AR SCR R R O 7
RO PO RECA T — E R EMN A ST T — A
AR UL, AR OO s D , A SCHL I it Z bk
TRAEASF BRI, BCRIHIAG RWBS B LL , A SCR B A LS
B THERES , LB W EME S HRG %

3 #iE

MRS ERMEIEE A ER , ZRERIE IR S w0
RATREAD BB RE . T B A% e BN 2 R AR 2L 3R B
Gtk , 5075 IEAE 550 G o il A U T B SR FH B0 A R BOR ot
RS BTG R 9 T 5e R I BC il B B 2 7 LR R
B R T —FH R R WS R RE S —
RWBS Bk, FEHATHM SR b AR ZE (R S#
B ASOFER RS B, &5 8 LR EE
TASCE LR bR , I i 16 B e i 2 A8 A SR
PR
S0k
[1] MALLAT S, ZHANG Z. Matehing pursuit with time-frequency dic-

tionaries[ J]. IEEE Trdifsactions on Signal Processing, 1993, 41

(12):3397 -3415.

(2] ST R, R laz ik, W4T EH SETHEIT]. T aER,
28(9):78,-84.

ERPOHE, 597 IC I BR R I I 32 0 5 AR B 721 D1 ALt h
BH£ Rphlgs 4 B, 2002.

N
%} ARTHUR P L, PHILIPOS C L. Vocied/unvoiced speech discrimi-

nation in noise using Gabor atomic decomposition| C]// Proceedings
of IEEE International Conference on Acoustics, Speech and Signal
Processing. Piscataway, NJ: IEEE Press, 2003: 820 —828.

[5] VINCENT P, BENGIO Y. Kernel matching pursuit[ J]. Machine
Learning, 2002,48(1): 169 —191.

[6] CHEN S, COWAN D F N, GRANT P M. Orthogonal least squares
learning algorithm for radial basis function networks[J]. IEEE
Transactions on Neural Networks, 1991, 2(2):302 -309.

[7] CHEN S, HONG X, HARRIS C J. Sparse kemnel regression model-
ing using combined locally regularized orthogonal least squares and
D-optimality experimental design[ J]. IEEE Transactions on Auto-
matic Control, 2003, 48(6):1029 —1036.

[8] CHEN S, WUY, LUK B L. Combined genetic algorithm optimiza-
tion and regularized orthogonal least squares learning for radial basis
function networks [ J]. IEEE Transactions on Neural Networks,
1999, 10(5) : 1239 - 1243.

[9] CHEN S, LUK B L. Adaptive simulated annealing for optimization
in signal processing application[ J]. Signal Processing, 1999,79(1):
177 -128.

[10] XU P, YAO D Z. Two dictionaries matching pursuit for sparse de-
composition of signals[ J]. Signal Processing, 2006, 86(11):3472 -
3480.

[11] CHEN S, HONG X, LUK B L, et al. A tunable radial basis func-
tion model for nonlinear system identification using particle swarm
optimization[ C]// IEEE Conference on Decision and Control. Pis-
cataway, NJ: IEEE Press, 2009: 6762 —6767.

[12] CHEN S, WANG X X, BROWN D J. Sparse incremental regression
modeling using correlation criterion with boosting search [J]. IEEE
Signal Processing Letters, 2005, 12(3) : 198 —201.

[13] CHEN S, WANG X X, HARRIS C J. Experiments with repeating
weighted boosting search for optimization[ J]. IEEE Transactions on

System, Man, and Cybernetics, Part B, 2005,35(4):682 —693.



