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Abstract: Random measurement matrix needs large storage space,huge memory requirements for reconstruction,and
high computational cost,which are not suitable for large-scale applications. To reduce the storage space of random measure-
ment matrix for compressed sensing ( CS),a new sampling approach for CS with semi-tensor product ( STP-CS) is pro-
posed. The STP-CS approach generates a random matrix , where the row and column numbers of the matrix are smaller than
that for conventional CS. Then we optimize the matrix by the singular value decomposition (SVD) approach, after sampling
with the matrix , we estimate the solutions of the sparse vector with the smooth ¢ -norm minimization algorithm. Numerical
experiments were conducted using gray-scale images , the peak signal-to-noise ratio (PSNR) and the structural similarity in-
dex (SSIM) of the reconstruction images were compared with the random matrices with different dimensions. Comparisons
were also conducted with other random measurement matrix and other low storage techniques. Numerical experiment results
show that the STP-CS can effectively reduce the storage space of the random measurement matrix to 1/256 of that for con-
ventional CS,while maintaining the reconstruction performance.
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1=2 320243 | (0.8264) | 33.2190 | (0.8151) | 22.3731 | (0.6129) | 31.2747 | (0.7756)

t=4 0. 4375 32.164 5 (0.8405) 33.044 2

(0.814 4) 22.136 8 (0.594 4) 31.760 0 (0.788 0)

(=8 31.7678 | (0.8336) | 32.8185 | (0.8225) | 22.3780 | (0.6118) | 30.6072 | (0.7763)
=16 317312 | (0.8321) | 32.3398 | (0.8119) | 22.7331 | (0.6334) | 30.5699 | (0.7757)
r=1 30.5100 | (0.7940) | 31.7722 | (0.7810) | 21.5758 | (0.5573) | 29.4640 | (0.7235)
1=2 29.766 9 | (0.7569) | 30.7535 | (0.7322) | 21.5220 | (0.5553) | 29.5871 | (0.7276)
t=4 0.375 30.1704 | (0.7827) | 31.8751 | (0.7944) | 21.0846 | (0.5123) | 28.6082 | (0.6860)
1=8 29.3623 | (0.7539) | 30.9656 | (0.7568) | 21.4477 | (0.5419) | 28.5977 | (0.723 1)
1=16 30.050 6 | (0.7733) | 30.8969 | (0.7523) | 21.8673 | (0.5724) | 28.9012 | (0.7017)

XF T4 2 BRI 4 B LG UG AE A R R A 30
B, BEH e EE ¢ 3O, BRI 15 (9 PSNR A SSIM ik
A =10 (TR, 2 =1 B SRRy
TG0 4 RAEABE Y HIORT B3 By SR A 17 4 J0T o 346 4T L
By, FES =1 EMESRFITHR), ER =16
W, A BT IEAAN S = 1 BOREE TR —7K . X 78
S EUE T AT A PR B e 357 L0 566 g 5 B0 %) i 4 15
KFE I IEATRG B B A

eSS 2 s h, AT R AR BT Bernoulli | # 73
Hadamard , Toeplitz 45 SVD {4k )5 B8 BEALAE B %) Lena
177 50 YCRMEFE R, A FH A BRI PSNR ~F-X{H,
R 3 Fis.

HRAE e 3 455, SR FH G by 28 70 g I 9 SO0 000 46 o o)
SR G UG TRAE  FE R A SO iR 7 it AT A, I
L ER A PSNR A A3 H 44 AR &5 i S AL BT o, X 7845 U
AR SC T 3 5 1% TR A 38 R JHC il 28 30 g s AT SO0 3000
L.

Sy itk — 25 B0 IE e L AR ST IR T vk i E A PR RE
BATHATTHE 3 L. XF L aL 8 R 2530k 4 ] iR
(60 O-315 50 3 B He 47 8 Ay s A SCak [ 11 ] Hp BT ik
Kronecker 45 @K1 J7 0647 1T bR o 4 07 ik it
AT R4 RAERDRE R 53 1 16 x 16 K/ T3, Kro-
necker J7 75 R IS R [ 4T 5K e RS SRAS B X R
R UL . o) BE SI2 36 241 R F SVD f AR )5 i) v 357 B AL



w4l E b PRI R 7 2 803

WL HE 4 , 8 %E /9 R AE R0 M/N =0.3,0.4,0.5,0.6,
0.7 [ 0. 8. %f Peppers [&[ {5 1) /N i 22 8053 3 4T 50 I
REEFITE Y, B PSNR /9P S286 v, A HIA SCirg
Ik, % 1=2,4,8 I 16 MRAEBE B RAEARFGEAR B
ST BEAUULINHE [ X S 6 15 5 2E AT SRAE TN T AL, X B 5K
Korp BER LA O-JE R ik AT A s IE 2R AT A
LR INER 4 R
®3 HMUWNEREER2 £EGELEILE

2 Bernoulli | Hadamard Toeplitz
Image M/N et

L il PSNR PSNR PSNR

t=1 40.548 4 | 40.722 9 40.184 6

t=2 |40.167 7 | 40.600 5 40.377 4

0. 7500 t=4 |39.6542 | 40.405 7 40.134 4

t=8 |39.8890 | 39.8489 39.911 2

t=16 | 39.7862 | 39.938 5 39.036 4

t=1 34.3123 | 34.507 8 34.587 3

t=2 | 34.2153 | 34.199 2 34.473 3

0. 5000 t=4 | 33.758 6 | 34.107 7 34.3415

t=8 33.718 5 | 33.636 0 34.23717

t=16 | 33.8952 | 33.5022 33.710 3

Lena

t=1 32.700 7 | 32.907 6 32.849 5
t=2 |32.9934 | 32.874 0 32.374 5
0. 4375 t=4 |32.0230 | 32.605 1 32.156 2
t=8 | 32.6147 | 31.860 6 32.0256
t=16 | 32.766 1 | 31.007 1 31.750 8
t=1 30.2893 | 31.353 0 30.820 1
t=2 |30.0624 | 30.964 1 30.003 1
0.3750 t=4 | 30.234 3 | 30.707 4 30. 150 7
t=8 | 30.1430 | 30.136 4 29.904 8
t=16 |29.9650 | 29.742 8 29.792 9
F4 SRR ELRBETTE LR Peppers)
XIRLR FEA TR 14 69 PSR
R

0.3 0.4 0.5 0.6 0.7 0.8

ARt =2 [30.7535 [33. 4171 |35. 4686 | 38. 1406 |41. 2539 | 45. 4670

A =4 |31.8751 |33.2838 [35. 0828 |38. 1196 |41. 4350 | 45. 6907

ARt =8 [30. 9656 32. 7256 |34. 6550 |37.2002 |41. 1512 | 44. 0333

AR ¢ =1630. 8969 |32. 7343 |34. 2865 |37. 7035 |39. 3064 | 43. 9676

k(4] [29. 6091 |33.5935 |35. 4700 |37. 4206 [39. 9815 | 43. 7274

SCHRL11] |29. 3258 |32. 2485 |34. 0892 | 36. 4385 [39. 9208 | 44. 3371

WG 4 Fis 6 T AR RAE R 24k R [R) K
ZINFRY s 5T 00 L R4, A ST I T ik T A T A TR
PSNR {410} (& 5 F SCHk [ 11 ] frid Kronecker [ 45 8% A1

Tk AR R M BC SR [ 4 ) R 5 i, F A D JE A 1
14119 PSNR {H 3 R e fr sl o SCRR [ 4] 0735 AR 4 28
MEEAR |76 A SCH & STP-CS A58 R BEAR 4 3t 52 B A%
WEATLUL I 4 T 5 77 % == (8], BB DR 35 B0 A9 EE 1

J i
5 #ig

FE T2 i s B AR 4 LI SR A A T ) A9 R 4 R A
(STP-CS ) R S — i 0 LA A5 W88 VK Bl ML U 46 4 T o
FEfit A 1) P AF 25 8] A 5 k. SCHR ARSI IR AR 5 5 1K 8
KA 8 R RN R B R/, 4 4 1 BT B . Bernoul-
li #4) Hadamard \Toeplitz %5 i K |4 , 2 SVD k)5
XiF 2 YE IR BE R /NI R BIEA TR AR, I AL 1,
TR AR T A O T AT T A SERR R X T A K
JE EI4 %) PSNR I SSIM A #E4T T S it Fi L3, SE 00 45
RFW R AR SCHr R () STP-CS #5570, mT DA F A By
LI R B2 o) S 15 5 R AT SRR A B E A, T DA K
ef AR RN 55 42 T 0 O A 2 ).

(HFEZE ST B IR, STP-CS #3445 — 16 [ia] J51 iz
FRRAMFSE , — & T o AR e T, B8R SR AR SC T
AR AT e TR T 32 AT LA 3 45 v ) A R LB
6 XL R A P 9 /0 T B g AL X0 3000 46 o 1) Bl AT 4
P, oA BRI S0 [ AR AN A T (RIP) - — 2 i AR
B, (15 FE AL 0 A R PRI S REAS B AR T R
TR AR T, A SCHE %) TR 7 A O R I A
INEF ERRARAT TR R 1 EE T, (HE R IR R
BT 2 18], J5 S0 4k S48 T R S04R T 32 44 J5 2 11
D5k DA — 25§ T T A R A = E A A S A
IR SR AR ST A WA 2k SRy 125 1T LA A 3 AR UL 4
WA T o5 O A7 25 T[] B ] AR PN A7 o P R R i
B HH TR Ay i B KSR iR H
il STP-CS 5781 i) B 44 S B PR 3R A Rt — 4R T, X B
A FRATT 5 LR Al 1) F A ik DA AR T EE A 1 S
PEFEFR.

SR UL, BARER X STP-CS #5270 T 45 H Ay A8
T IF VAT AT R T 4 T ) A S, (ELX T AR
LI 2 1 e 1 A7 T 0 B0 A A B 1 2 S,
B ET A7t 2 (B A R A A Xz .
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