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IR Hh o B B WO A HR AT PR S22 N T I 4 I B R . AR SO A 4B B 2R ploe
R (K0 AELATAR 5 P 5 T PR AR DN R R A A 3, 3t 52 3 DR PRG3R IR 45 5 TR e B LA 37

SCHUAE A B M A e UM s, ZER RS SR IR A R R A K, R

Fr 7Rz

(8] LA T 2R 2 Welch FHAEIEIE H AR, #ES 17— 4ER 24645 S90S R0 A oe R IR AL I 48— 2
SRR 3R BRI A TR TR SR AR A RO TR IR A S e ) VR P 21 ) 3 AR 2 N0 2 R A 2 G 3R (R i
BURAE. 55 CLAT B S R AT A 00 o R A B, AR S A P 3 PO 08 A0 0 B A % ot o 2 1 552 5 S ) 0 e 2 [ LA
SRR PR EL AR 4, 3 T A e ) AP P I R A DAL 1 A o e £

KRR AR, TEAAERE, 228 S, VRIHF 41

PACS: 07.50.Qx, 05.45.—a, 05.45.Vx

1 5 =

2006 & H Donoho, Candes 25 H ) 48 B %0
(compressive sensing, CS) [12 J& 15 5 R FE I 480
MEZE. & AT S I DSz IS T 2% 22 R R SRR 2 2R
FERBAE 5, JF LA B SE I A5 5 i A 2.
CS # it £ EAFE 5 M B LR 55 0 L 48
B (R ) DL AN 4 & v 245 5 = AN 77 1.
W\fu?jj f, ZESETY c CK LB ERN
f =%z, n=KNEWHRIHmEIE n < KKK
N T, 2 AET f fsPTEI’J%%I, Hp ANy
FREA B DT HAEEL. (55 10 40 &2
5 EAE MRS 24 Eﬁﬁﬁisﬁ € C™*"(m < n)
Wm0 B A6 (5 5 TR B4R ) W & ) & b, R/
y=®f+n=Vx+n=Dzx+n (nkEHE),
Hh D = dW(D € C™ K m < K) NS 7 8
(equivalent dictionary), & 7] & y K450z (K T
JRA5 5 f B4R (55 B A AR /IME 1 Ya 3

* [E K HARIESEG (HHES: 51277100) BB EREL.
T BfE/E#E. E-mail: guojb@tinghua.edu.cn
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PRE AR A S AT R e P R K R HE R
55, CSIRMEIIE 7 #ARFANZK0E, B
FAR SRR AS Bk IB1E e EAE  Fak S5 A,
2 31 B i ol
J 248 D0 5 B () R 3 R CS A% 0 TAE 2 —.
FEFF A AR DN 96 B 00 2 R A R 45 A ) R Tk
MEAES T CS MM 20 A, DLAGHE —4E(F
SEAFERE ], PEHFRE C 7T AR R N

C = F - diag(d) - F*
= F - diag(y/nFv) - F*, (1)

Hor n AFEREM S, FRDFT R, v AEH
TR EE—17, d P TTER PR ONIEIRFE M C AR AL
JGZ (generating elements). I &5 FELE CS H
R R AR SR IAE: 1) B TP R —
TR E—ITHE® R3], MH 2 A7k L
/b 2) G FERE AT Cx M1 CHy T, 7]
PAFIH FET #fi B 43 8 02 5 (component-wise
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operations) LI IE THE, IX LUAE FE 5 ) & B E A
Fer v HIE R 25 3) R R FEI 815 5 52 br
ERIME S MBS HCER, TR 2 5 BRI A
A EE I 5 52BR A @ 4) H /T ST
B 285 Ry A UL IC 1) CS W SV, 1% RV 5 1 =
PR AR AN S T ), R AR PR HE B AE CS HF AT
W& 2 IR

H Al B P9 409G T 0 2 B ) A A B 2 A
of BE ML B 5 B e 4k, W0 Elad 503% B Duarte-
Carvajalino 53% [ Abolghasemi %32 19 L & Xu
LA B I 2 B D2 5y e b LA 1 26 45 44
%) I 5 ) A O A A (1) A A — AT
v IR0 £ )i d 010 (R K S M vk,
PR B AR T T &, 7B IX M 2R M8 7 v 1 2 Al B
E— 25 2% MR KA R U B A R A A Yin 2 DO) ) T
fE. Yin % M Gram 5[ G = (®W)*PW 7t Frobe-
nius JUE N Z0& T AT B T B AR B, X PRI B
B AR G 2 TR AR EAT AR AL, R 3550 43 A 1) Bl
BLF FRA S G I B B A e R A AL, ik
AR 3 OGP B L R 1 e A5 DA, 1H1%
IR IR RE T RN Gram 55 FE G 1) H bR R 50N
REFIL ZRBTENFMD = ¢¥ € CmK,
HE X m = KK, Gram [ G A H Ge45 T AL
B I, MAE CSHmim/NT K. 534, ZEH &5
B AR 1T 25 FOAE AL BB ARG 2 B LM R, (R 7R 22
PR R 2 AR EA 5 52

ARSI PRI 5 A A TG B R R AN A A
PR 7 TR 2 08 PR B 0 B R AR A A, Bt A2
FARA BT Z PR AE I 45 A TR T BE HLAR A7 S IR
IS A IE . A LT O BRI & 5
B, AXCHSLEAE T — il g F MmNt ER
(R M B DA — 25 el /N S5 A0 =7 3 D %) [ 2 [B) 7 B
FHAPE, AT 2 i 408 B 00 62 4 0 ) P SR PR e — 2
1) P B YR 270 ) 3 0 AN W o A A T 2 1 B AL
AR, JHBH T P DI B A TR ) P FE T S 1 4
TEBE LY G L4 & 56 4 0T LU 2 06 280 & 46 B
XTBENLIE AR, I IR HUR A A AR S B L
e 071 Z S B R SO

1) J/NGEAN -3 D B a) 2 18] ) A A 14 %
T I P R O ) R P R A A B A

M EE A B DR B R 1 29 RS R 1 (re-
stricted isometry property, RIP) (] # B 53 #7, RIP
iR T HFE DA EM 2 3IE T IERLH, %
IEAE MR IE I e i RS D 21 w) 12 22 18] B A AH 1.

BV B D B fe) 2 ) AN AH =, T 2 1) )1
SRR T IEAT, 2 P A 5 0 2 RIP 41

WA 5 #EB R L S2 Br A BT, HAR IR E
F 50 WE {5 5 AR K A2 P SR B i B2 LT ELAH
TN, A5 5 T Ak o K SR £ i R
55 1921 Fr L, A RIP 5P 10 398 2 T RS 5 1
BV S2 FR) S RS SRR P A A B2 LR, il NS 7
D 51| e 5 22 (8] PR ELAH P 0 T B8 s 408 R 0 2 A
VRS ERe e s £ REENIEN. S5t D5
Ir) 2 [A] [ FLAH 4 ] 6 ) Gram F B G
FEXF A TR IR, X T IR IR R, M
(5 4) B € I, Gram 55 [ G AF XS M 70 3 B IR
TAEIR IR R A TR IR, T, ASGE
1o 52 0 T ER R AR RN S5 A - i D )
IFi) B [ ) LA 14

2) 7% S8 B G A5 BE XS 5 F B &0 A
C . f=F- diag(d) F* - f, MEdHPERIGEN
FARL BT N BEALAR L. X KA

B R A G TS AR B, K
FERI R T TCVEE (S S f AU AR AL, FATT
K FH ELAT T LA A7 PR A0 20 00 58 R oxf HL 1470
MAZ B8 A BE T, X FF (0 45 SR T 42 30 s 4 Sk S
MR, [RIER TR CS ik 2 Mg, a4 R
C - fAERIE_F A 25 7 B, 1 75 SEAE D ik
2 rh R R P40 2 R R A T 2R ) BE LA RS
5 f ARSI E AR BEALL, 5 S f AERT I BTG
WRENRIE B, HIEZERC - f#RE L
e MR AE I e bR B R T, AR SR R
FRIDLBR A, K 5] B o A A I B B A B T R AR
ALV TE iR AL R B LA AL

AR CAE EZAFE LN YA JTIH:

1) A=A — YE A 5 95 0 I R AN ) 3R
AEH K, 7€ Frobenius Yo £ N 2540 7 8L D %
lf1) 2 8] EL AR T R B0 Welch FAE A& H br, i
ST YA YA S B0 PRI AR I AR T R R
EARA BARREL 110 T 4 ds i A G
R AR 1T 3R IR 1 R 98N AN T i D B )
Z A1 AR

2) M T 4R YR AE S O PR R AR
ORI RI G — Bep R JFAE iR BT
FE Welch FHAR T, BB FM A T —
YL 1A 5 05 0 I R B AR R s B AR AL 1Y)
AR

3) 1A I R R A= R e 3R VR T T BE LA AL Y
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ABEIE S L INA IR VA L o o Re S i A
A B R B AL P 2 SR ) R o P 1 i A [ B, S
S0 IDEE RIZAL NS IR BB NI b= SN e s v N ]
HAAEL.

4) F Jaen th T — YRR YRS T s A D B
B, NN T Gram 55 FE G XS fli o &= 0 i
(A B o A 1 A SCER A U B AR R T AT 1834
I A A B A LR

2 JEIN I E 2B £ BT K T8 E L
ERNEE

AR SN RN LA S AR A DU R AN TR
Fon AR, R AR A ot R E L
(K1 H b e& By R 1 18

2.1 —HESHBEANEREMEERTRIE
ERILE B RE

455105, AR ES T
M, WELRC - fRAGS fAIEPHE RS
—AT v IR BRI, b (1) T LB N, — 4k
55 PR A 00 B P E RS R T R d AR R, iE d
HITE RN d; = |di| %, W —4E5 5 I 95 2R I &
TR A G R MR |d; |, LA 6;.

XERHNEEMRES = PC ¢ CV"(m <
n), PRERIEAMELE R C - FEERENLE it
ITRFE, FTLMEH BN 78 D = oW Fl [ &2 7]
(1 HL AR I R T 25 R R R Cw B ) & 2 (8]
FHFE, BB Gram HifFE G = (C@)*C®. H (1)
XM FF* = F*F = I 15 0]

G=(Cov)Ccy =v"C*C¥
= " F diag(d*)F* F diag(d)F*W¥
= V" F diag(x)F*, (2)

y
)

2 2 2
w:(‘d1| a|d2| sy T 7|dn’ )T' (3)

(2) SO (3) 2% 700 B I 7E 7 B3 (5 3) @
SEI, Gram %6 5 G HAE T £ 76 2 (UIL oo T 4 36 0
B I C O E B | (i = 1, ), T
Gram 55 G 4% f 7620 B 28 4 5 0 D 51 i B
2 AL FLAR T, et e R AR R A PR
2 IR KR e 40 57 3 D 91 0 22 ] 1 FLAR T
e, BN A A 52 1

S 5 1 8 B B AT e /N AH T 1 R &
1 EHESE (equiangular tight frame, ETF) 2223
JE LN I H bR ek 2

. . B 2
min l(CoyCr-H[L @)

Hop, 30, FRUEHAEETE N8, @ 30N
H,={HecR*" . H=H",
diag H = 1, m;xlhml <udh,  (5)
17

St > . = o LT R

1) Welch Ft (221 Bl st B 2541y - it D %) [ & 2 R 1)
s/ BAHF . TS8R ETF AR 1
n MK G2 K < n(n+ 1) /20 A A4 4E, £5KFRR
B R 52 BIE 5 R0 51 UK/ B BR 1, AN BB AR AIE
n K e & R AR, ARYE Sk [10] 385 51N
p= pp Ry RAE R 2.

2.2 “HESHEANEREMESEKTRIE
ERILE B ARE R

XY TYEfE S f e Crone Fgh 8 I R 5 BE
M e Cmxne g L Cmxne b —HEIE RS TN
Co, FHE A HE MR — 4 W (5 5 £ k47 D & 1,
Co(f) TG £ FIHEIE M ¥y LN RIA A PIA
T AR B, Cy A LR R Ny [16]

Cy = VT3, (6)

HA FyRomCmxnz FIEZH 48 DFT H 1 F
TR Fo MEREH T, 2 HIWE T V 2 —HFE X
AV(F)=VoFHET, V = /mnF(M); 0F
eIk i (6) T LR, Z4HE S E
PRI OB b L0 BRI R R VAR R, 18 VT T
BNV, = |Vig| €%, W 4455 BO0% PR 00 & R
A2 TR IMRAE N |V, |, AHEL A 0.

AR K-SVD ik PR3 455 f
Crxmz it SEJ M F T = [y, 90, ,PK]
(; € CM>™2(1 < i < K)), W~ 4455 Gram 4[4
GEPEI‘JfE%?ﬁIU\?%ﬂ??'\Jg” = <62(’$¢),(‘32(¢j)>. /?\
BT U="V*V,U = conj(V)oV, MU(f) = UT.
HLu = vec(U), Y = [yl o2y, Hr
y® = vec(Fi(¢s)) (s = 1,2,--- ,K), Ml g;; AT LA
fidj fb oy 6]

gij = (Ca(vi), Ca(y))
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= (FVTF5(1h:), FVTF5(15))
= (uoy") y =u" (conjy’) O y’).
5—%(55 11 R ARL, 750 5 4t o i 2

B, 45 5 10 Gram 55 FE G R EHEX foc R E
ASCH R T 908 B 0 2 e A e 2R R AR | V| oot
T 45 5 thn] DL Gk AR A0 8 P 00 £ 5 B AR Rl T
IR AR 9 /NS5 AN - 8 D 1 1) 8 2 8] 1 B AH
P, AR B AR R ECN

G-H
G,erenﬂ-Cu [ I

9ij = (Ca(v;), C2(vh;)) - (7)
ZERAS (4) B —4EE SR I E A PR A T R
WAL AL ) B A BRI AL

PLEWHR T N A 4 38 i e A 406 2R DN 5 0 B A
TG FR (MR R K /N S5 AN - 3 D 4 ) B 2 TA) 1Y) B
FHA P DT $8 w5 1 2 00 = o B P Pk R PR R FE
Frobenius 6.0~ #5607 051 1) 7 2 (] BAHT R
HH) Welch FAE &R bR, 250 T — 48 45
5 A PRI R P AR e 2 IR LA AL ) H B R 2
FE 55 =30 ¥ i A B AR B 7 SR g Bk i) H
AN

subject to

3 REFMAGTNEHEIE A K TETE

18 Y 5 AT A

AR F 3 S A R B
PR TE 2R AR AL 0 LB B 52 RO A T 1 A,
SR 28 B AR M0 VAR . T T 40 9 ik B p
.
3.1 EPE H EERt, EHEIMER

1) X T 455, B E AR ECN

min | (C¥)"C¥ — H|3.. (8)
4B = FWU'F, B = ||By|, A

1 *
5 l(Cw)ycw - Hj,

ng hi; = Zh” COIlJ
— Zhw (

y)oy’))

)yl +uy(yh) yh + e+ u}*v(yN)*yN>

= % |&* F diag(z) F*® — H|>
= %tr{(EP*F diag(z)F*® — H)*
x (P*F diag(z)F*¥ — H)}
= % tr{¥* F diag(x)B diag(x) F*¥
— ¥*Fdiag(x)F*WH
— H'W*F diag(z)F*® + H"H}
_ %tr{diag(m)B diag(x) B}
_ %tr{diag(m)F*WH!p*F}
_ %tr{diag(m)F*WHTSP*F} + %tr(HTH)

1
= §mT diag(B diag(x)B) — «* diag(F*$H¥*F)

1
+3 tr(H?)
R 1

= 5.q[,-TB x! diag(F*WHW*F) + 3 tr(H?).

LH L = diag(F*@ HP*F), Jt L4 & 5 R
H EHEARE PR B AR R 2 (8) RENT T

1 o
min {233TB:1: - :I:Tll}. 9)

x>0

(9) 3R] U™ ORISR KA.
2) X T YR, L H AR O

. G_HZ
min |G ~ H|

= (Ca(vhi), Ca(¥))) - (10)

subject to

R

G — HH% = Z (9i5 — hij>2
%]
= IIGII§—2Zgij-hij+IIHH§,
2,5
R H B E I, | H|5 R B, SR [16] 15
IG]|% = u*feonj(YY™) @ (YY*)]u = u* Au. 5
T3 gij - hay WEALHES, f1h

%]

i J
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T
= (UT,U} >u7\7) Zhij(yl ylvzhm y2 27"' 7Zh1j(y}\/')*y‘]7\7)
o7 —
K ‘ K
> (hu(y%)*y{) ey (hm ) 1
j=1 7j=1 1
= (ug,u3, ", uy) : .
K K
> (o) o) -+ 32 (s R)wk) | s
j=1 Jj=1
K K 4
hijyi) - hicjyl 1
(yi)* - ()" Jz_; ( ) Jz_:l ( ) .
1\* | K\ % K K ‘
(yn) (yn) Z (hlij) Z (h’ijg\’> 1
j=1 j=1
1 K 1 K 1
(yi)* - (y1)” Yyi oy hi1 hi1 )
= (uj,us, - ,uy) : : © : : : : .
()" - (yn)* YN UN hik - hxk )
= u*[conj(Y) © (YH)1 = u*[conj(Y) © (Y H)|1 = uTl,.
= . | S S - | .
Hor, 3 &, = [conj(Y) © (YH)]I, He, X F —4%E5G = ¥ Fdiag(x)F*¥;

ny X ng, y' = (yi,yz',--- ) (=1, )
1= (1,1, ,1)" WK x 1 KR A & Ela?ujj
s, bl R v S A ut

R, (10) 2REPE A i BEEAN TSR Al T =X

{;UTAU - uTlQ}. (11)

EARE R MR, LB (11) 20R(9) 28, 4 [E 2
FEFE H SRR MR, RS 0 4R A 4
5 5 HOOG P I R B A R TC SR B LA B H AR R
HAA G — HAEA, BRSS9 — R

i) 7

min
u>0

3.2 {EIFEMEIER, EfEMEH

N T PRAEIE AL R h A A B 5 3 i 7 S 2
() (R AR ELAH Tk, 5 2SR A | AR (0 AEX T
=, BUNAER TR B XME. T 4R T 4E (S
o, BRI [ OE 20 B (B [ € Gram JEFE G), B
WOERE H (1 H bR g — N

in |G- H|? 12
A | I (12)

WF S, G R Ay, =
(Co(as), Ca(apy)). 2190 e — A 3 AL el

(matrix nearness problem) (2?1, o — fi# ] i it

MBI, MBS, M HJEX AR
N
V1<i, j<K, i#j:
hy = 9ij> lgi;] < p, (13)
fo - sign(giz), Fepb.

X Tt 42 5 77 38 A 76 K (element-wise scheme) 5558
RN FE M H iR 14 T DO fEd, JE R
G T KT B p FEHEXS TR R AR

ZE L PTIR, — 4N YRS 5 BRI S A
BT R R B A 2D BT LLE S5 I T

BN Wi @, RO PR R 5 R g
A EARTAE R ERAE o, IEAUEL Tter;

Fyi: T 45T, RS B B xopt
TS S, WS BRI wopt;

B BOE J =0, HE LU B Tter IX:

S.1 it Gram 5504 G;

S.2 TR E , MY (13) 2 EEFAERE H
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S.3 HiFE H [ 2, —46(5 5 =465 5 0wl
I (9) 20A (11) G IR

SA44 J <+ J+1, 4 J < Iter, IRFIGIES.1.

Wil FIRE B FRAEAR, T 455, T
PATH BB AR ope, FFHI (3) 203 B —4E(E 5150
0B B A ARG 3R R A A B DA (s X
Y A5, oI LA B AAE wops, FFHHu = vec(U),
U = conj(V) © V, 33 4k (55 EPA N 255 A=
LR IR E R B V-

PLEHES T — 4R 4545 S 08 2RI B A R
AT RIRERAI R — BT HE 2B
FARTT LG T E L HAHT R % Welch 7t H br T
— 2N Y AS 508 PRI R R AR A B TR AE ) B
HEfieE.

4 {EINN EKE [ A kT F R A R AL
AL B A 2%

AR SR FH IR P 51 R A 345 478 A 00 B e A ok
TR MBENLARGL. X BRI Cat WG ™ £ R TP
B, S 5 SR 120220

Tn+1 _
Yn41
Hor, mod 1387k & 2 S AU B A 2, AP

r mod 1=z — |z]. BT HLHBERHALERIITI
L1, Frbh Cat It XA PR A /& XS AR B 1. 2

1 a
bab+1

Tn

] (mod 1), (14)

Yn

Cat MU IS EC N 0 = 1, b = 1, MG RdE
BORAG = J34VE) > 1, 5= L (3-5) < 1

AL @, 7 A R I T 2 IR A, I
BAMELE A o = 0.09, yo = 1. Nl FHFE E Xk
VR 51 R ) A0 PR R AR T R AR A, J
B o0y NAHFERIEL 5. [RI), AERIETRIT R 1) 2, H
TG A BT AR S HE VR 1k 37 e e B
J7iEE E AL R [ = 20 HEAT SR BEAAE 27 P

2k = T201+kls k‘ = 1, 2, 3, e (15)

W TRAF 4 2, € [0,1], 73 VR F 41 2, 1
18 PR IR B 2R R T R AIAHALAE [—0.5, 0.5] Y
MSLIR) 3T, AT 2 VG0 A4

2 =2, —05, k=1,2,---,10000.  (16)

ze (k=1,2, -, 10000) /5% 75 [8] 73 A Bl )3 —
gy A BT B VLR — A0 B AH G s B & 1 B s
i 1A A H 2, 7 51 BE AL Y &) 393 A 75 [—0.5,
0.5] HIDXTA] P, HAH5 2 BAT 1 08 75 1 L AH 5% R AL
FATR X FE R BENLFP 51 KAL) 3E — 4EA5 5 HITE A
0524 B2 AR BTG 3R AR A 6, LA K 4R 5 IR
DR A BTG R AR 0,5

LA JE VR ST A G v, BE T
SR I A i e 2R AR S B AL K A VR
F7 B ARE [E) 2R, SEI 7 0] R P 51 4 1 1 3 0
FEREAE T R ARG, 4565 =i 28 B FIEH
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Fig. 1. (color online) (a) Spatial distribution of zj sequence; (b) normalized distribution histogram of

2k sequence; (c) normalized autocorrelation function of zj sequence.
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Fig. 2. (color online) Recovery results of one dimensional signal with the optimized circulant

measurement matrix proposed in this paper: (a) Time domain waveform of original signal f

and recovery signal f; (b) and (c) are the frequency domain waveform of original signal f

and recovery signal f respectively.
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Fig. 3. (color online) SNR of recovery signal as a func-

tion of measurement number with four different kinds

of measurement matrixes.
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Fig. 4. (color online) SNR of recovery signal as a func-
tion of SNR of compressed signal with four different

kinds of measurement matrixes.
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Fig. 5. (a) Original image f; (b) setting the sampling
rate as 50%, recovery image f with the optimized cir-

culant measurement matrix proposed in this paper.
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Fig. 6. (color online) (a) Rel_Err of recovery image
as a function of sampling rate with different kinds of
measurement matrixes; (b) PSNR of recovery image
as a function of sampling rate with different kinds of
measurement matrixes; (c) SNR of recovery image as a
function of sampling rate with different kinds of mea-

surement matrixes.
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Constructing circulant measurement matrix through
alternating optimizing amplitudes together with chaotic
stochastic phases of the matrix generating elements”
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Abstract

Circulant measurement matrix has been widely used in compressive sensing because of its high-speed discrete
convolution algorithm. The typical work of optimizing circulant measurement matrix was introduced by Wotao Yin in
Reference [16]. Motivated by his work, the construction of circulant measurement matrix in this paper is explored from the
view point of generating elements’ amplitudes and phases; and the optimal construction procedures are proposed based
on alternately optimizing amplitudes in conjunction with chaotic stochastic phases of the matrix generating elements.
The main idea of this paper is based on two innovations: The first one is to reduce the mutual coherence between
column vectors of equivalent dictionary by alternately optimizing the generating elements’ amplitudes, thus improving
the recovery performance of the circulant measurement matrix. From the different expressions of the circulant matrixes of
one-dimensional and two-dimensional signal, by setting the Welch bound for the coefficient of mutual coherence between
the column vectors of equivalent dictionary as the approximation objective, two novel unified mathematical models are
derived from the optimizing function for generating elements’ amplitudes of the two different matrixes. Optimal solutions
for generating elements’ amplitudes are gained by alternately optimizing method. The second innovation is to construct
the generating elements’ phases of circulant measurement matrix by utilization of a chaotic sequence with independent
property. The chaotic stochastic phase of the circulant measurement matrix generating elements are generated by taking
advantage of the chaotic internal certainty, which means an independent identically-distributed randomness sequence
can be produced by the chaotic map with the initial value at certain sampling distance. At the same time, the external
randomness of chaotic sequence can satisfy the stochastic requirement of circulant measurement matrix. This paper
presents the method of constructing chaotic stochastic phase using Cat chaotic map. Experimental results of one-
dimensional and two-dimensional signals in the optimized circulant measurement matrix are studied in this paper, which
has a better performance as compared with the results of conventional circulant measurement matrixes, such as Gaussian
circulant matrix and optimized circulant matrix proposed by Wotao Yin. The column vectors of equivalent dictionary
in the optimized circulant measurement matrix have lower mutual coherence, this is the essence of the superiority of the

optimized circulant matrix.

Keywords: compressive sensing, circulant matrix, alternating optimizing, chaotic sequence
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