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Optimization of Equivalent Dictionary with Sparsification of Measurement Matrix

for Compressed Sensing
CHEN Yingtong
(School of Sciences, Xi’ an Technological University, Xi’ an 710021, China)

Abstract: The stability of sparse reconstruction algorithms in compressed sensing can be raised by
reducing the mutual coherence value of the equivalent dictionary, i.e., the product of the measurement
matrix and the sparsifying dictionary. While, the existing optimal design methods do not consider how to
improve the efficiency of signal reconstruction when reducing the mutual coherence value. To overcome the
problem, a constrained smooth optimization problem about measurement matrix is proposed, in which the
first constraint requires the mutual coherence value of the equivalent dictionary to be as small as possible,
and the second one uses the L, norm to facilitate the sparsity of the measurement matrix. Then, a
convergent alternating projection algorithm is used to solve it. The simulation results on natural images
show that compared with the equivalent dictionaries obtained by several existing optimal design methods,
the proposed method greatly raises the sparsity of measurement matrix and improves the signal recovery
accuracy.
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Table 1 Reconstruction performance for equivalent dictionary in Ref.[5] with and without the proposed

method
K& J5Uif PSNR iR SSIM Ak 35 ) PSNR Ak B ) SSIM
boats 25.783 9 0.749 3 30.663 6 0.901 2
bridge 22.097 4 0.5318 254748 0.769 9
cameraman 24.3427 0.806 0 30.096 1 0.9334
fingerprint 18.805 7 0.5370 24.5259 0.874 6
house 26.949 4 0.842 7 32.978 6 0.952 5
jetplane 24.308 0 0.782 6 29.704 4 0.9231
lake 22.776 6 0.683 5 27.644 8 0.862 3
lena 25.740 2 0.763 7 30.798 5 0.907 0
mandrill 21.2384 0.506 9 234313 0.736 6
pepper 25.024 2 0.756 4 30.232 6 0.899 8

2.2 XFXHEH[7TIMHBELR

Xof SR FH SCHR [ 7107 125 A ni i) 00 5 66 I RVARS S8 5 B, % IRBT X SCRR LS 1Y b Ase I 125, LR T 78 i AR
S5 VR S A A B Ok 14 R RS R R R R R . SCBRL T T iR AR R D iR S M =
20.N=64.L=100.a=0.4.8=0.8 F b F£ 4 .2 2L %k 100 4] 4 W & 5 B randn (M, N )FI N X L
1 5825 DCT B X 00 i 7 g 7 80 . SCI 25 RN K 2 s . SR SO b B s, R SCRL7 107 v
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Table 2 Reconstruction performance for equivalent dictionary in Ref.[7] with and without the proposed

method
K54 J5 i PSNR J5f SSIM Ak 35 ) PSNR Ak 35 ) SSIM
boats 24.095 2 0.6511 29.742 1 0.876 9
bridge 20.477 1 0.3717 24.2870 0.711 9
cameraman 22.586 0 0.728 5 29.3497 0.9159
fingerprint 17.018 2 0.305 6 23.3431 0.828 0
house 25.203 4 0.779 1 32.656 6 0.942 1
jetplane 22.5553 0.694 8 28.658 1 0.898 6
lake 21.0322 0.566 1 26.474 8 0.8219
lena 24.0117 0.677 0 30.022 4 0.888 8
mandrill 19.699 4 0.342 8 22.158 3 0.668 4
pepper 23.2900 0.669 3 29.3991 0.877 2

A5 1) 14 0 B2 A A 0 FE el 0.156 3% T 78.828 1%
2.3 XxTFX#E[10]HWHEXR

Xof SR SCHR [ 10 7732 2 o i 0 R A R0 RS 7 ML e R X SCHR [ 5] 19 BRI 12, B AR AR SO 1k
Jab BRI A R BT R 1Y R SR RN R R B AR B . (RCR I IR s AS TR . M LabelMe Bl
B 4 P B 2 920 I G, TN A I 4 P 0 5 B i HR B 400 4> 8 X S F B, B ATk B — A5 5
1.168 X 10° 4~ 64 AE YN Zr % dl o 5340, SCHR[ 10 AL T T IR R B BOE M =20 N=64.L =
256 IR E 10 F 2 ST A B L 000y = 1/32 .9 = 128 K i & 4 .o = 15 FIRf AL BEHC L A
IR BHE B 5 AE — B AR 5 38 5 BA A A 2E BRI 46 7 B 7 M o S 25 B AN 3R 3BTRSk F STk [ 10107
15 2 A I A0 AL S BT R M A A SO A S XA T % 84.921 9% .

R3 ERAAXFEMRXTXEH10]PELFANERHR

Table 3 Reconstruction performance for equivalent dictionary in Ref.[10] with and without the proposed

method
K154 J5 i PSNR J5 ff SSIM Ak 35 9 PSNR Ak B ) SSIM
boats 25.880 9 0.761 5 28.264 6 0.855 5
bridge 21.954 0 0.540 7 23.3139 0.6711
cameraman 24.394 4 0.809 9 27.596 5 0.894 7
fingerprint 18.732°9 0.540 2 22.040 9 0.7857
house 27.039 6 0.843 8 30.867 1 0.924 3
jetplane 24.197 9 0.782 4 27.343 9 0.879 8
lake 22.660 8 0.682 7 25.144 6 0.792 4
lena 25.714 0 0.767 6 28.572 3 0.864 8
mandrill 21.0314 0.5154 21.478 5 0.626 1

pepper 25.023 8 0.756 9 27.7437 0.8527
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DRI Sy SR [ 13 108 R Ak 8 T 5 vk RAR SC— R, 8 1 w8 1 40 J8% 0 2R 9 o R RS 2 % ) Bl o 4 7 1 0 4
WA (0 8 S o T DA AR S A o ) AR 1 00 o R @ VAR T L W, 40 ) SR T R O ik AT AR BT L 4R
S 43 500 P V9 2 )k R RAR B B HE AT E A, P B R ER R R R 2 A4S I R R B . SRR I
P R @ T W i BT XS SCHR LS T0Y B I i 2 N 2 8 dis L SR 5 T KSVD Bk A= Jl W, ok T 2 802
M =20 ,N=64.L =100 F & & 4 2550 F1 N X L 1932 5¢ % DCT % FE I 2 110 900 06 7 i 7 i
FEXF KSVD 892 19 45 1 W ) SCk [ 13 132 LA 2 )7 ZRE.m 48 i @ (F2 5 ZRE.m 3£ Wik [ 24 1) o i
B 0 A DA B TR ok AR AR SCRR (5] AR I i —FE . S5 AN, SCERL I3 R A S8R
k=20 A=14AMDCTHMBIERMEIEA, LTRLERME LR, ARSI LB, FCHk[13] 5
D5 A5 B0 A I R R R T R e 0.234 4% A 79.765 6%,

R4 FERAXFEMFERTXEHB]IPERFHRPNEHBR

Table 4 Reconstruction performance for equivalent dictionary in Ref.[13] with and without the proposed

method
KR4 Ji i PSNR Ji ki SSIM b ¥ /5 (1 PSNR Ab ¥ 1 SSIM
boats 24.476 3 0.748 3 31.014 6 0.900 6
bridge 20.287 6 0.532 4 24.517 5 0.744 3
cameraman 23.895 0 0.826 6 31.8715 0.9418
fingerprint 18.224 1 0.623 0 25.364 0 0.883 8
house 29.227 7 0.878 2 38.1211 0.9718
jetplane 24.183 2 0.799 0 30.549 9 0.9256
lake 21.959 8 0.674 4 27.902 5 0.854 1
lena 24.994 2 0.769 4 31.468 9 0.9138
mandrill 18.260 4 0.4827 21.884 3 0.690 2
pepper 24.721 1 0.763 4 31.325 3 0.907 2

2.5 XFxX#ISIH#ELR

Ko SR FH SRR [ 15 ] 77 3k A ok %9 000 2 266 I AR B 5 e 2 MR 6 SR [ 51 0% Ee B I ik AT R . TR
B2 IR Bt B TS ) & 1 75 Y 5 SR AR AN — o DR 3 an T O A il BCTO0 R
ML 512 43K X 51214 F A AR EME , ¥ sh Hb 30 &3 I 1 43 50— F 41 10 X 10 i F 3 B ATkcAE — i
BUH A Y 109, #5331 25 3014~ 100 4E Il Zh it o R 80 v AN T 2B B A KSVD 83 IO 25 554
F 3] — A N X NYER g F M W, R S BOR 6 4 B8 5050 F DCT 1E 3846 M8 2K 09 9 U 7
BB B o A AR s A R B ) B e (R B SR 4, SCPEE RN E R AR AR &
sz E A AR — 1, 1) LA 04 i o= Ya., B34 A3 0004 X FERY Ta] 1 o 6 {5
S E R IEA A N (0, 0.01)py M o PR A I X500 AN J2 A AR RS, i LA 4 O 3 B B e L
45 5 iR 2= ok PR HI A SCR . I MATLAB 84 59 N & 45 2 immse 1155 2 77 1% 22 (Mean
square error, MSE) . 34, SCER[ 15 1R Bk it i RS R 9= 1.2, 0=05.4=2.T=15,
Ty = 1000, M =20 N = L = 100 7 4 15t 4 Ff normend (0, «/M , M. N ) Bl KSVD 1 1 1 1 7 I
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MR FHY, LREGERMESTHR, X 10KE RS ERAKRXFENEXTX@HMIS]HERF LD
1% , 4% SCHk [ 15 ] 7 3 75 30 1 0 B2k 40 1 4 S 0 7 EHHR

FILE B A S b S R T Table 5 Reconstruction performance for equivalent
2 5 (XRS5 R 0 ) 4R K b dictionary in Ref.[15] with and without the

proposed method
76.700 0% .77.450 0% .80.250 0% . 76.100 0% .

78.250 0% .79.850 0% . 78.500 0% .76.900 0% . Mg A MSE/10 7 AR ) MSE/10 -
72.700 0% F180.100 0% . boats 27.638 1 1.290°5
2.6 XTHRAEERBARANMEIR bridge 26.6622 18925
H JRER XY SCHR L5 )00 oAbk LA H g, P comeramen 26.2472 1218
A H e B RS B i Oy SUR T fingerprint 247152 Lot2
JHKSVD 575k M I 25 500 o 45 5085 g 57 0, R 1 house 249180 16029
WMEMEM=12 N=64.L =256 L% 50, jetplane 28.764 9 1.290 5
FBLIE 6 A N X L 4 1 it 52 4 DCT S B B 2 i lake 27,5197 1.2177
W1 i 0 B 7T 000 P A v O B ML B S lena 29.293 1 1.5057
95 45 AN 3R 6 o, A R bR oE R 4 BN R SR mandrill 27.158 7 2.755 7
WA FEAN LS FICR , A& AR SO g ab B , W) pepper 25.290 8 1.493 0

16 29.166 7% MEITLE,

x6 FERAANFEANEXTHREEHRBRANREPENFHNEMYR
Table 6 Reconstruction performance for equivalent dictionary in standard compressed sensing system with

and without the proposed method

& 1% 4 JF i PSNR JR 4 SSIM AL FRJE ) PSNR A F Y SSIM
boats 25.457 2 0.742 6 27.543 8 0.802 9
bridge 20.637 5 0.5157 22.7175 0.593 7
cameraman 24.663 5 0.817 8 27.2927 0.866 6
fingerprint 18.9330 0.626 5 21.4121 0.725 4
house 29.295 3 0.869 3 31.679 9 0.914 5
jetplane 24.413 3 0.786 9 26.627 2 0.843 3
lake 22.408 6 0.669 4 245015 0.740 4
lena 25.464 1 0.766 5 27.992 1 0.8330
mandrill 18.855 0 0.4735 20.781 4 0.5350
pepper 25.2739 0.750 6 27.7179 0.824 5

2.7 EMBRMHE—TRT

N 2.4 75 S b PRAY 10 18 PR b e 4% 4 06 iR PETR o HE AR UG R R SCRR L 13 105 ik B3 A9
N0 R R L L A 8 (1 A B AR R A R L LR AR SO 3 Ak LR Y I R B A B Y B A
18, VA K 134 30 PR B0 3 A 3 [ 4035 30 23 2R 47 9 91 S s, HAR AN 8] 1~4 BT

AT T A 008 S5 56 7T LU 3], 4 4 BEOSCHR DS, 7, 10, 13, 154 B vt i dk 6 B AN 5 7 3, DL Kb
Y T 247 TR A% 7T 194 0k R I PR i 7 S IO AR SR 1 ) D7 3k R A T D0 P B0 1 3 0 4 AR R P T 2 A
L 7 UL BE A 7 PR AR S B B R B v {5 MRS B, (] I o BE Y 3 B e D B AR IS P R T R A L
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(e) The brim in Fig.(b)
B 1 [E4%“lena” B H 7 # 4%

Fig.1 Image “lena” and its reconstruction

o -

USARFORCE «~

(a) Original

! S F
| » Th , :
F] .‘J y-‘;. v i

(d) The text on the fuselage in Fig.(a) (e) The text on the fuseiage in Fig.(b) (f) The text on the fuselage in Fig.(c)

El2 K15 jetplane” K HE {45 1

Fig.2 Image “jetplane” and its reconstruction
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(d) The masts in Fig.(a)

&3 &M% “boats” M H: 5 4 %5

Fig.3 Image “boats” and its reconstruction

(d) The guardrails in Fig.(a) (e) The guardrails in Fig.(b) (f) The guardrails in Fig.(c)
Bl 4 1% “bridge” K H & Hy5 H

Fig.4 Tmage “bridge” and its reconstruction
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3 S5RIE
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BT MY Gram B I 38 T 5 S8 45 5E Gram HE B 10 [m] I, 225K 00 455 66 B2 il 22 8 R0 B 7 1L Y B0 AN 55 U 2
W BRI AR A 1R ST A E R T OSSR S 1 o MBS U 3R WD ol PR K 2 TR 5, =R
FH 2 22 B LA KGR B 0 B D8 A B 5 12 A8 1 4 100 R 0 R R 5 M, DA b o T 4 SRR R G 1 )
R o R R B S SRR 4R A i G A [ T A B 0 0 R R A TG B A R R T ML BB U e R S
FEPH JRE | T e dl 3 i 1 00 R P A

FRA IR 26 J5 3k | AR SCHR 1) 7 126 46 6 O 0 00 4k 4 o 1) s P X I 221 5 BE A S8R I B2 I, O 1 I
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AR BE 5 ORI XU i o i 1 RERE A FI AR SCT7 12 D8 A B T MU 28 0 7 R — A0 0 2 F 50 5K ik e
LA TR ISE (4 ) F) B0 ey 280 ) ik ARk, i i A (I AL I L (4) 1) PR 5 00 50 5K 75

Bt 3%
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o B DL ST £ VRS A RBIT . BF9| (@) (@.9) ) RAety PHEE— Cauchy 51, FIIED] & R
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Vsl BORIESI( @), AR T DA T @, | IR @GS I LBV TS T D B XHE
BIER e ™ 0 fEF ER R K, 073 Ve > K (L IEREO , #54
l(0.%) (0.9)~(aw) (ow)

<¢€/2 (A1)

S (@) (@.9) | 52 8 P AL 47 45 E 0K A1 Vo, > KO B B LE 950 L 47
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B K = max (K, K.} W VA> Kk IERK) A
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_<e/2 (A2)

T
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F

/2 +e2=c¢ (A3)
;tth (0¥) (0¥ (0,¥) (0,¥) /2 ZFRLRSL R R 0= k> K= Koo BTBL, B2 (A3) AT Cauchy 51
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