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Algorithm for Constructing Compound Partial Random Measurement Matrices

Based on Multidimensional Chaotic Mapping

CHEN Xinglan', LU Jin"*, ZHANG Yanan'

(1. School of Information Science and Engineering, Yunnan University, Kunming 650500, China; 2. Yunnan Provincial Key

Laboratory of Internet of Things Technology and Application in Universities, Kunming 650500, China)

Abstract: The construction of the measurement matrix is a crucial factor influencing the reconstruction
performance of compressive sensing techniques. To address the high storage cost of random measurement
matrices and the difficulty in satisfying the restricted isometric property (RIP) with deterministic matrices,
an improved method for constructing measurement matrices based on chaotic mapping is proposed. This
method combines the random Gaussian matrix with the deterministic matrix and chaotic sequences, taking
full the advantages of a small number of measurements from random Gaussian matrices and the lower
correlation provided by chaotic mappings. Simultaneously, an analysis is conducted on the phase space
characteristics of chaotic sequences, the RIP properties of measurement matrices, and the computational
complexity involved in constructing optimized measurement matrices. Finally, simulation experiments
compare random Gaussian matrices, Toeplitz matrices, and existing composite matrices. The results show
that the proposed optimized measurement matrices outperform the other three types of matrices in terms of

relative error, success reconstruction probability, and signal-to-noise ratio for one-dimensional random
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signals. Additionally, these optimized measurement matrices also exhibit improvements in the
reconstruction time complexity, peak signal-to-noise ratio, structural similarity index, and mean structural
similarity index for two-dimensional images, indicating better reconstruction performance and significant
practical value.

Key words: compressive sensing; chaotic mapping; restricted isometric property (RIP); measurement

matrix; signal reconstruction
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Cameraman 1 Sk 5256 %t 42, Horp 4% Lenna , Peppers . Baboon Fl Barbara K/ A 5121% % X 51214 % ,
& Cameraman K/ 256 8 3 X 256 1R 5 o A& 4 Rl ME A M = 64 K = 16 BYFF &0 T, #E4T 1 200
SEE IR T AR, R LR . AR 1A 7E B A KR Lenna i), B SR A SCHY DL Ak R 14 e
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F1 A[ENE5EREREMEE (M=64,K=16)
Table 1 Reconstruction time of different measurement matrices (M=64, K=16) S
GRS Fifi AL v 30 FE I R 2% @ = DHG"! A SR AR B

Lenna 11.464 324 19.210 731 11.132 235 11.133 090
Peppers 11.319 380 12.925 551 12.897 068 11.282 554
Baboon 11.458 011 14.247 876 12.723 371 11.242 184
Cameraman 2.850 858 3.176 399 3.446 346 2.765 600
Barbara 11.665 085 12.810 339 12.550 933 10.926 611

R B R SR (A AR TP AR B a (A5 A B3 ] LA DRt i AR A B3 G B T A SO A st 1] L i A 3
3.2 HEXIRESH

AT XA B T S — A5 AR AT T . X TR ELAS S B EE A T A, DAAR X iR 22
(RE=|xy— x|/l x|, oy M EME , o B IRIEEDA/E b 8RS w5 bR .

TESE T, 24 1T N=256 1 oc R MM B (55, Hb A KW 8 ) N AERETEF 5 h L4
M,y B ML & &, WG 5 R AR 20 M/N . AR &1 5 7R M5 5 ARG &0, v LAOSR 2], 7
Fiv i o5 b (Sparsity percentage, SP = K/N)#4 0.04 SRFEZ N 0.88 UAE LT, A S e 145 0 12 46 B4 e 08 4k
HEDHEMGES, R H R ERRR.

2

]l — b

(=]
T

Y

REE /v
b L

0 5I0 l(I)O 15IO 2(I)0 2;0 0 SIO l(I)O 15IO Z(I)O 2g0
(a) Origi]Zal signal (b) Reconstruct]c;]d signal (K=10)
5 —HE S M ELT RS EY

Fig.5 Compression sampling and reconstruction of one-dimensional signals
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Table 2 Reconstruction relative error under dif- o gg:ggg
ferent M and SP 0.8 - gg:g%%
o W 7 I
WEBH —0, 0.08 0.12 0.16 ﬁ 06
49 0.8820 0.8939 0.9097 0.9253 E 04l
64 0.8081 0.8596 0.9018 0.9209
81 0.7119 0.8232 0.8578 0.9167 0.2k
100 0.4872 0.7614 0.7896  0.8593
121 0.4482 04781 0.7059 0.7221 0.0 . L . . :
144 0.3306 04594  0.5657  0.6957 50 100 150 200 250
169 0.2574 0.3524 0.5569 0.5787 M
225 0.0568 0.1676 0.1985 0.2374 Fig.6 Reconstruction relative error curves under
256 0.0464  0.0920 0.1294  0.1312 different M and SP
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HeAb i S HEAT 200 UL 5, FEIBCHP (8, XL B 5 @ = DHG i 3 BE AL M B A1) 22
FEMER REZEAT T B, MK =100 735K 3458 .
®3 TEREEEARBMAEMESHEINRE

Table 3 Relative error in reconstructing signals with different matrices at various M

&% H BB = 0 FEE A2 @ =DHG" AR SCHE A

49 0.894 2 0.902 3 0.9115 0.882 0

64 0.853 4 0.863 6 0.876 0 0.808 1

81 0.797 1 0.8227 0.788 4 0.7119

100 0.7275 0.764 5 0.574 6 0.487 2

121 0.624 4 0.697 8 0.467 0 0.448 2

144 0.499 9 0.617 2 0.373 6 0.330 6

169 0.347 6 0.506 1 0.337 6 0.257 4

196 0.259 2 0.4451 0.191 9 0.1210

225 0.116 5 0.249 6 0.112 2 0.056 8

256 0.096 7 0.121 2 0.073 5 0.046 4
INCRE NSRRI E S ER T LU S SR e
O 645 B 13 5 1) RE I 26 1L PG ME ST R R A SRR

@ =DHGT3 B RE /N o PRI A SO A 0 1 4 7 7 —e— AR
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[F] F 000 2 4 B R AT {5 5 B S, AS SO o B 8 X [ T A (17 7 (] 00 R I D ) AR R 2 22 1 6 ]
N ek 6 B 1 A LT E R o AL TR T DU M B AL e Fig.7 Relative error curves in reconstruction
R4 FEA A 2% 0 B4 A STk [ 19 T35 H 18 T 32 40 590) A6 s i 5 using different measurement matrices

25,20 F1 350 © 28t B T AR SR L AE R RO TERR B R 100k +%ﬁ§],ﬁ§ﬁ§
T A0 RO T AR SCH AL I & 46 B A 2 & AR E e . e D-DHG
R — SO B AR AT T2 sk R S 80) " RIAEARR
A5 I 0 07 TR N SRR L3 F T B g0l
A ﬁ -
3.4 1R L /S IR L 2 47 3
A% /N4 38 3 52 e VA AR SC O b B T — 2 £ 2T
S I 1Y 15 M e (Signal-to-noise ratio, SNR) L K — 4k 1% 00 2'0 4'0 6H0 8l0‘ "
B 4 I (B (5 16 [L (Peak SNR, PSNR), {58 L A2t 1 X
x|’ P M=225 i H Al A 1 T 04051 e
SNR = 1010gm (18) Fig.8 Comparison of success reconstruction
30y

probability with other matrices at M=225
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R4 AEEEERRMEENES SNR

Table 4 SNR of signal reconstruction with different matrices at various M dB
R q] BEAL &5 30 6% F 2% ® = DHG" AR SCHR A S B
49 0.9750 0.908 0 0.807 4 1.091 6
64 1.3813 1.288 5 1.154 4 1.8518
81 1.977 4 1.720 2 2.074 9 2.9609
100 2.773 8 2.367 6 4.865 0 6.290 8
121 4.1120 3.1838 6.684 7 7.0310
144 6.058 4 4.2714 8.607 6 9.707 8
169 9.2234 6.028 7 9.4958 11.864 8
196 11.773 6 7.2235 14.393 3 18.443 7
225 18.743 0 12.508 7 19.030 5 249178
256 20.294 0 18.332 3 22.677 8 26.661 1

P AL MBS T B 1 SNIR, i EL7E /35 4 L A9 0 T, X 30 o HELE
R SNR A4 K o] e
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Cameraman 1 Jy 55 00 %4 42 , 16 4 FOR R RO W0 LS G F kA7 1O
HE . 10 RR THEM=225K=10M1E0 T, #HA 5r
SCHE A 0 AR B R AT I A5 5 F R A5 2R, AT DL A 0

15F

{51 / dB
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(R AE 2071 58 B 25 7 T 5 S LR AR po
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L B AT P o A - 49 0 LA MR LU EAT T RS Nk 5B Fig.9 SNR curves of signal reconstruction
7R, Ho PSNR f# 36 ik 0 F 17 with different matrices at various M
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Fig.10 Comparison between the matrix-reconstructed images and the original images
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255 X 255
PSNR =10 X logo| ———=—=— (19)
MSE
1 N N 2
MSE = a(i,j)— xs(i,j (20)
MXN,;,Z( (4,j) = 25(4,j))
e (d, ) Ry (7, ) 53 ) 327 i iy PRI A R o A A5 N S TR 01 5 8 R B
x5 ARNWEHEFEEHER PSNR(M=225,K=10)
Table 5 PSNR of reconstructed images with different measurement matrices (M=225, K=10) dB
K15 B PL w5 6% ) 2% @ =DHG" ARSI A B
Lenna 22.6307 22.509 1 28.509 5 39.157 1
Peppers 21.100 1 22.797 8 37.2114 37.226 2
Baboon 21.520 3 22.729 8 28.007 9 27.8749
Cameraman 20.889 9 22.2316 31.0518 31.888 8
Barbara 22.2370 24.108 1 39.326 3 39.496 1

ML 10 F012 50T LA Hi L 5 At 00 B 6 P AR EE L 24 R 45 H ol 0.88 K = 10 B, 3 3k A SCHR i i 4 4k
FERE AT AR B T OO0 AP RE . 7E FEAY Lenna i, {0 £k I 45 B 59 PSNR 15 H Al 3 46 4 A1
LL R i A5 B T 2 Tt A Peppers . Cameraman 1 Barbara B, %8 SCHR [ 19 142 H A9 7 8540 Lo 43 ) R 42
T0.014 8.,0.837 F10.169 8 dB(1.48% .83.7 % 1 16.98 %4 ) , i 5 At ¥ A 0 2 S5 [ AH He PSNR W 82 45 5
T HARAEE Y Baboon IS, 5 SCHRL 19 148 Hi 9 5 56 A LRI REAIR 1 0.133 dB(13.3%) , fH )2 Bk
e B AR S A0 A I 1 PSNR A A X #7718 o Bl b, A SO s %) 00 5t 6 2 AR 6 HL At R I LA AR 1Y
B
3.5 SRR EHEAEMNEIER SR

AR5 X5 45 K4 AR AL PE (Structural similarity , SSIM) 48 %R0 21 25 #9 A1 814 (Mean SSIM, MSSIM) #
PREEAT T 520 b, o ol R

(2p p, )20, 1 cy)

SSIM = (21)
(pitpl +ce)ol+ ol +cy)

1
MSSIM = ——-SSIM 22
256 (22)

Hrep, Mo, 5350 R 2 Fl ey P ME 0,0, Rl o, 5300000 2 Rl e, 18 05 26 B U 05 2 500 Fl ey, R B

FHAS TR) A9 00 65 66 B4 o 5 i P e A7 E A s, #9810 T SSIMU R MSSIM B9 PRl 45 5, n e 6 fir . v
SSIM 2T+ T 0.05%~53.95% , & T 7E # 44 Lenna F1 Baboon IR, 5 SCHk[ 19 14 HY 4 7 32 A1 HE 0 £ o
T HER EARR T —E 4R T . A T R R RE , MSSIM R B — & 32Tt

F6 A[EMEEPEEWE KA SSIM/MSSIM (M=225,K=10)
Table 6 SSIM/MSSIM of reconstructed images with different measurement matrices(M=225, K=10)

SR B AL i Fo 8 FI2% @ = DHG" RSO A A B
Lenna 0.369 1/0.001 0.336 4/0.001 0.878 6/0.003 0.8759/0.003
Peppers 0.393 8/0.002 0.354 6/0.001 0.852 7/0.003 0.853 3/0.003
Baboon 0.664 8/0.003 0.630 7/0.002 0.882 0/0.003 0.881 7/0.003
Cameraman 0.426 2/0.002 0.406 0/0.002 0.764 2/0.003 0.811 8/0.003
Barbara 0.546 9/0.002 0.511 4/0.002 0.939 9/0.004 0.940 4/0.004
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Fig.11 Details of reconstructed images
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