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Window-Added Sampling for Improving Sparsity of Non-Sparse
Representation of Signals
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Abstract In order to apply compressed sensing technique to a non—sparse signal in transform domains, a novel
method is presented to improve the sparsity of the non—sparse representation of a signal. The method employs a
movable window function to decompose the non—sparse representation of a signal in transform domains into
multiple window - cutting representation, as long as the width of each window function is far less than the length
of the signal, and then each window- cutting representation has good sparsity. The compressed sensing of non—
sparse representation is realized by the sparse window—cutting representations. The detailed theoretical analysis
using Gausian and rectangle window functions is presented and the experimental results of both noise- free
image and noise—added image demonstrate that the method is valid.

Key words image processing; compressed sensing; non—sparse representation; window—cutting

representation; sparsity; signal reconstruction

OCIS codes 100.3008; 100.3010; 100.2960

1 5 5

2 183 e 4 5 AR B A 5 R AR AR S AN AE D T A DAY B 2006 4F LAk e 45 15 B 5] T ROk i £
MR AE 2 B RE™ GO 2 AR AR T R MR O A AR G AR B T N . A R AR
JE AT 7 0 Y — A O SR RS S MR B, AT DUJE s B AR L T LR A AR e e 1 A
Bio H2, REFSESE L 2ERMEGET. WL, 8 TS H T R4 E B, E 2 02 B — A8 i
WO IAG ST S — A [ A R 3k o I, & B % A i 22 $o Sul 4 AN TR b 412 LRI T, DA% S8 %) R L
AR NP, B A SRR I A 2 RO LR 4387, 3% W Contourlet ., Curvelet.Bandelet,Ridgelet, 1IFE 38 FL £ &
[14]$nﬁ%$;ﬂl[15’16]§%

55 W B 2 IR 7 B e £ 5 18 M A e Bl . 550 b RN AEAE R 4 B AF 5 A8 3 i i A 28 e Bl A A 4
AR S S 5 SO AT XS PR o PR A AR e 3 R R B 38 045 5 TE R N R 4 AR R .

AR SCHY oA R WY Xﬂ;ﬁf%/l\ S AR R AR AR SR — A TR B B O R A AR S
AR 1 2 38 43 R IUAS B 43, AR 3 PR R B R 3K, 45 o0 109 9 B2, mT DL R A B AR A B AT R AR

Y5 B H: 2014-09-09; Y BN & 24 F5 B #3: 2014-10-16; M 4% H KR B #3: 2015-02-06
BE@WB: HEHARSHEL(61307011) ) AR H H AR FF 4 (9151064201000035)
EE BN P (1970—), 5 4 Bl bz, 2N S6 i fE BT A WF5E . E-mail: yangchp@scau.edu.cn

031002-1



52, 031002(2015) HMYSEMNYEBEIZFHE www.opticsjournal.net

L AT 3 Ao L ) R A K 5 B I A A T 4 A SR A

2 4R LA
INSRAS I E AR B0 5 & AE RSB g = (g} R ATBARR N

x=ya=Yai=Yap, )

APHHRRE 0 =(xp) o WREAEDRBEAETE, k<N WFRAE S R IESLLIIR L0 & GES .
A=A M A7 NSRS ERIERE e R™ (M < N) X5 %5 o 4700 5, wT UG 3] — 00 252 y

y=da, ©))
MREE G 18 B 505 T A 2528 y R B RS s R A A 5 s o M x REMHBHNES . TR
A AL AT $R R AR 5 BT R R A

3 Ak Ik I B

AR IR RS T A AR R AR RS B R A 5 O R, S EUE SRR fv)  FEREA
AR AR B R AN Fo) , i T ERAERm B, M C kS TR LR, @lEEN Fo)gw-0b),
glw—b) N KRB mITE O RECRI AT 5 1 R B B R o

w-b
G(w-b)= exp|:—( e ) } 3)

o 30T T 1 PR VEAY I A2 S (FWHM)A A L 80 1 RUEZ 528 o, AT RIS S R0 5008 b o REIE 17 11 BRECHY 9 32
Hoa N

l,|a)—b|<a/2
r(wabj—{lﬂ,w—b:a& , “)
0,others
K T g 1) B8 A5 T S 0T B ) FWHM 83 A6 8 60 1 58 B A9 R [A) A7 B 09 28 F R BSOS S AR s Rk 5
W) 5 445 5 0 A it 2R 58 5 A (6] 67 B 1Y) 7 R IR Tl R A R G &R
Y F@)G@=-b)= Flw-b)=F(w), Glw-b)=1,lo-bl<A2

Flo)glw-b)=1_ _ - ;
Z‘ R [wab‘j:ZF(a)—bt)zF(w), r(‘“ab"]: 1lw - bl < al2

_ZF(w)r
F1 (B AT, AT AR Bl B 1 eR Y O e B A5 T e 0 7 1) FWHM s HE 67 10 508, BT i R 1A 2
FAE T (2045 TH IR R 5 AR B Rk o 76451 ARk b A DY [ N AR 2 (i, HLA AR 5 (AR D
HEIT & OO e T 8 DB R QAT B 1), % T —E KM ME S, HEGT 1 ek B 98 B LA B R
B — DA K F LR M AEFITR 7 A, K2 65 5 0 RRAE , 8 i 4 67 R 8 B AT R4 Y
Wk , T LR () AT R4 AL AL B . X% a =) Fw)go = b,) , Q)X TTHE R

)

y=basy=da= ¢2[F(w)g(w -b)]= 2[¢F(w)g(w -b)]= Zyi ) ©)

KMy, = pF(0)g(w—b,) , MEEAF BT A B BRI F(o)g(w b)) M L2 HEH  SBOat al LR AT 56 B 19 IG5
AR LR IL

LA A L AR e (DCT) A 7 el , AR B AR G B2 3 W R+ 1) B AT 28 B0 5 10 A 8 o B o A i
5 B AR 3 5 2) B8 Bl T 11 RR RO 72 80 138 T 4% U 221 1 R 0K 5 3) 0 0 X A 1 AR kTR A A A, R
BN EAT A5 5 58 B 00 FE AR 403G 5 4) ) Tl AR 4 i R AT 00 e L I S A B S A T

4 % B

T IR bR Tk B A R, LATG MR TR RN R PR D S R G e S BE DL R I D AR L A S
4R F IE 52 D it 36 35 375 (OMP) . 55 R AE RN 10%.  JFUAR {5 5 (14 245 e 3R B Bl AR 5% 48 8 (DCT). 43 5l

031002- 2



52, 031002(2015) HMYSEMNYEBEIZFHE www.opticsjournal.net
SR FH 55 490 R SR R T o 5B BT A 2 3k, W A 1 AR TR R AT T A A R L AR RN A B 58 R 0 R R 1R
S7EDCT [ Rk IF a0 A e 15 2 S A |l o

4.1 TEFMBESEEER

o 30 RS R eR BRI AT R AR 15 5 A B IO 5 78 4 % il 2k A P 1 R B A A8 Bl i 10 R) DA AR 4o % A
B A FEk . mE I RERT «=0.05 0 ,FWHM A = 4 pixel, 1] % 3 0 SBUE K 5=1,5,9,---
AHAR H s 5 6] B N 4 pixel, ZETE oK B T8 FE b 4 pixel, Al B 3 do0 S BUE N b=1,5,9, -+, A48 HO 5 TE] BE
4 pixel,

RS} 256 pixelx256 pixel i J5 i JCME I A 401 2(2) i s o BEAT A5 5 0 5 HCE B I 28 6 33 40 9 5% FH
$ R BOR T bR B EUS R 45 A 45 R AN 2(b) () iR o BRATA 5 A S M HE AR e 1 A T D
PRI BRI, R 4 T A A R A 1A 2(d) TR o

RsF ol 256 pixelx256 pixel A J5 44 i e - 401 3(a) B s o 5 307 Bt ML MR 7 K 138 S 24 {1 2 265, i 22t 2
25, BEATAE 5 1 B O L AR i 4 0 R R i B ok ORI A T eR B RIS TR 46 EE A 25 SR AN (D) L (e) I
IR o BEATAE S (0 R T L e AR g 5 Al T R RSO, R 4 A R a0 1R 3(d) TR .

HE 2(0) . ()5 E 2(d) A8, 8UE L 3(b) L ()5 B 3(d) F 8 , I U IE G2 58 Rosn (71 W 17 2 HE)
{ERF , TC e Xt JC M 3 J2 i e 5 5, SR FH 11 eR B0 IS 1) P 40 B A 25 SR R 0 TR SR B A 1T el B LT
JE 4 A5 XTI MRAE S A AR B 25 SR T BT 1 pR BSOS 0 BEAR 4 Hb A A P 4 Fi e

1.0

—-—--Gaussian
0.8 rectangle
————————— spectrum
~0.6
=
S04}
S g
§0.2:
g 0 AL
-0.2
0'40 50 100 150 200 250

x /pixel
K1 PIAS B 1 RR B R A i

Fig.1 Curves of two window functions and signal transform spectrum
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Fig.2 (a) Original noise—free image; (b) using Gaussian window; (c) using rectangle window; (d)no window
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Fig.3 (a) Original noise—added image; (b) using Gaussian window; (c) using rectangle window; (d) no window
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Fig.4 (a) Reconstructed results with Gaussian window; (b) reconstructed signal and original signal in the 128th row
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Fig.5 (a) Reconstructed results with rectangle window; (b) reconstructed signal and original signal in the 128th row
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Fig.6 (a) Original noise—added image noise mean is 50, deviation is 25; (b) noise mean is 75, deviation is 25;

(c) noise mean is 125, deviation is 25
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Fig.7 Reconstruction results of noise—added images with Gaussian window. (a) Noise mean is 50, deviation is 25;

(b) noise mean is 75, deviation is 25; (¢) noise mean is 125, deviation is 25
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Fig.8 Reconstruction results of noise—added images with rectangle window. (a) Noise mean is 50, deviation is 25;

(b) noise mean is 75, deviation=25; (¢) noise mean is 125, deviation is 25
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