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A reweighted orthogonal matching pursuit method for blind
multiband signal reconstruction

CHEN Mingfu, QU Gangrong, SHI Lei
(School of Science, Beijing Jiaotong University, Beijing 100044, China)

Abstract: Blind multiband signal reconstruction is the reconstruction of the multiband signal from
sampling points in the time domain. The signal was discretized over an appropriately large frequency
range containing all of its bands, and then signal reconstruction in frequency domain boils down to
sparse signal recovery. Based on the fact that fewer sampling points were needed for compressed
sensing recovery and the RIC (restricted isometry constant) of the observation matrix was required to be
small enough to recover the sparse signal, a reweighted method was proposed to improve the condition
number of the observation matrix so as to improve its RIC, as well as a corresponding reweighted OMP
(orthogonal matching pursuit) scheme for blind multiband signal reconstruction. The proposed method
was also applicable to the recovery of general sparse signals. In simulations, for an appropriately large
frequency range, an appropriately small discrete interval satisfying the reconstruction error range was
taken. The simulation results verify that for blind multiband signal reconstruction and the recovery of

general sparse signals, the reweighted OMP scheme has a higher efficient reconstruction rate than the
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OMP algorithm directly used under the same conditions.

Keywords: multiband; compressed sensing; condition number; restricted isometry constant

B A R A o B B TR AU 5 Ak PR B i
IRl R EMES S s EFoR kR X
TS () e P(R), AR H|w| > o > O, HAFHH
¥ F()E R 0, B 241455 ()R R AE ot BR
Mo X H . GRoREFE]; L2R)FR 7N 5L E Bk b
Lebesgue V- 77 Al BRI AL 25 [A] 3 wRRHIR ; o R
—ANEE AR BRI — o IR A
FORENE N E T A I SE LK h < 1/(20) B9 RAF 5 HER
Tz

R —R LGS, HTA B #
B X R B, HAH G — 85 A 7E— A 58 1y A
Wo f55 09 E R A IS B] X B -7, TIN E47 R A
FH 33X G SR A R R A 3, 3 e e B e 3 A 4
BITMES . RN B, WSRO s o S H
SR, R TR e T TR A TS .
THEXFEO T AT AR E R, Landau™ R T
— P AT T AR /N, BEAR T AR A Nyquist
o, JF HXAE B — AR A LR . SCHR[4-5]
53 5 Landau A9 5 25 0 FH TG 2R 15 59 SR A 1] 48]
FELIREE, Lin S EY BB 2GS .

B Wi & 4t (spectrum-blind systems ) & K % B
TEE RN, NHEEERE., FTEREZ IR
U333 1) S 4 38 AN AT e s A p A R e DL S B
Fr AR B s R G AEH EE ., EWIERGEE—
Z ) SCEE T AR L e T R
1) A, BT R — > 5 22l 45 R Y R B o
WA B R RZBCA A0, e M s RN —1
B, SR SR S DURS I B S ST AR
%5 B ('spectral span) 4 &) DS I B A U B . 22 2Y
LA R AN RE AR UE R R A, R AT
P Y SR BE BT Landau fe /R o SCRR[10]H,
Mishali %5 3E B A7 2009 5 AT 25— S AR
FEAL ., SCHR[10-11 1A ARIRI PR BT, REERAN 75 0 A3
WA EVERR ™. Herley 25"”' A & Venkataramani
AUl — R EOE R G, EXMELT, 5
5 DA — PR 450 37 B 1Y 22 B 4 (multi-coset )
ARG AT RAE

T 45 T H () 7 1 T SR DA R e A M SR AR A 52
L5 TR B ST A e 2 )

BIECH A BR ) AR . HARAE SCHER[18-19]H BF
8T PR 4 N 45 S X ¥ A5 5 iaE B vk, (HiX Lk
WA R 25 5 WG L

B W ESEENRME— T mET, SHH
AL E SR AR, X R BUE S R X
)05, 32 DX TR A B ARG AR A B AT, L
TR IS YN R )RR BSOS, B @R R A
FUBCE TR HOSE, RAFEAU & . BB B A
IR R o 2, AT LS LA A 4R 5 0 i 6 []
i, A BUE R R F o0 R A A R B
g5, HEATSPERAZFICR, Fite] DU
AR BB VLD B R A ORISR i ) 1 LA
OMP( orthogonal matching pursuit ) 5 3 A 4] , AL
SR LI % B4 /& RIP (restricted isometry property ),
I F 3R H: RICrestricted isometry constant ) i /] i
I Wk, B 255 F:mEM ) —J7 1 Rk
SR A TS A B Y A R Sy 000 B RIC A 8
JIN, TR R A R . AR SCR I TR
FERIXT G — A RIS 5, 2 00maL ) Iy ik
WO MR T R R B R AR, B R Y AR
Landweber J5 35 X7 #LS ™ 5 AN & 194 BRAE 5 41
A B el ZOMAY T 5 AT AR AR
SCHR[21TA RIS S5 RUE W] T 2% PFE0B/IN . RIC
AN, B, Z VAR AT DU T H 4 SR B R i
B2 T Edm .,

1 BEZHESER

BAE, @SR . BB
— S S Y R A, HAR L AR

F(w) = f_"; Fe s (1)

BRI . N T MR EMNT>0, HF()TE
X 8] [y, B (-t <y, <By <7, y=1,2,--- NN
e mESIE B, XH, Yayg=7. WWH
F(0)TE X [B] By, e ) N ITA I JUAR A2 0, B4 Gx 8t
SR S R A IEAE 0 AR F(w)7E X 1]
[t a N TR S AR 0, AR AX S NAESES
WICVEO. XA [—7, I BT s AE G ie/ED



242 o B TR 2 2 R

2020 4 5 42 &

SEX 1 EE MAE AR LT &R
FRAE5 f(0):

a. f(OR TR X 8] Bt [-r,rPe i R AT, X
TR EN;

b. A W, B, (y =1,2,--- ,N) #ERRE AR T,
D=0pUB U0 UB,U---UByUOyU({T};

¢. Bye B I, X BBy =(B1—a)+(Br—a)+

o+ By —an)o
& a, HEIBEX Flol> 7,
F)= [ fmedr=0 (2)
EZ SR NN STIRE
JOE %T f_ F(w)e'“ dw (3)

2 P (VMR IX ] [y By IR IE PR AR, U
Lay, <w<py

PX(a))z{ 0, HAth (4)
51 B B F()TE X [H] [—7, 7] N RE 8% 1% 7R B

N
Fw)= ) F)Py(w) (5)
x=1
X TFao,<w<fy, & F/(w)=FwP(w. *T
BAF ()BEA S5 HMEHER, JFEAW
a Mgy (x = 1,2, N)ER AR g B4y ]
I

_ 1 B iwt B2 iwt
f0 =5 (Ll F(w)e dw+L2 Fy () e du+

o [ Ey@)eido) (6)

BN -AF 5 f(o eI 8] D E] [T, TI B R A
1
21

...+jf:FN(w)ei‘“‘/dw):f(tj),tjeST (7)

5 4 s -
(f 'Fi@eidw+ [ F ()eidor
3] [¢%)

X H, ST={tj,j=1,2,"',MT}%5T€T$)§B/‘J%%O

TEBI S BENLRAE B OL T, o fE X B [-T, T1N
LB . BEEG SR, W ELIE R
fy 1) g >k B (7) NSRSy, DLk SR i
X (7).

FR A SCHR 21770 () 2 BE 2, B 10 R] B BUE )
F EE 3 ) SR A AT LR A B R, AR
Jo ARl L 3 A A5 3 B AT S, Y ] P
TEE, EAES -BORSEEF S MR
) [, 71PN ) F ()i B R B, BTG 2 o iR 22

1 B 3 /N B R AL R Aw > 0, T

(1) &
o Z Fy (kAw)eikdor; Z Fy (kAw)elkA) 4

=[5] | 5]
Aw
{ﬁNJ N
o Fy (kAw)e™™ ™ |Aw = f(t})
HZ [ j (8)

Hop - gonm T . e X 1P RS e, N
AT 58 BE M By TR o AR X T [—7, 71N B S
S BOMIN A B3ty H B 8 s B i C VRN AN, )

.
NT:Z{EJ+1 (9)
By

N;,:[EJ+2(N—1) (10)

KT HEWIRG S f(), BRG
%r Z X(k)e**iAw = f (1)) (11)

(A X (k) o
% (9) 1 (10) Nréﬁf'ﬂ%xz(X(—NTz_l),
T

x(_N72‘3),...,x(%)) U N AR 0 TR

PRI S 25 50T AL B R Y, ELEEAR U (11) BE5R
RAFRVAE T X [H] [, 7N B B R BN, . % JEF]
N4 T J2 Ny R BB, AT LA R 240 R AR 1A
DY RAE SR (11) o BRBCRFE B M I
2Ny < My < N (12)
H
(13)
BIA (13 ) f JEE PR 2 ekt dof T35 Hk kAcort 12 ]
Wiy, BRI b2, ZRARY (1) AT LA AL
Ax=b (14)
Ao, D) B REOHE PR E RS 45 x 72
PSRRI N, R BRI 5 b = [£(), f(t), - flena)]”
SR NLINAR o 45 J A0 o f MG A B v T SROU T i
A /& RIP,
REX 2 A € Cro<NoRt A s B ) 462 i
1o, = o, (A)RAHFT
(1-8)llxll3 <[l Ax]l5 < (1+6) x5 (15)
XA S 5 16 45k e € CNOR ST B R /N 6 > 0.
8T LU

Aw<T



% 3 1

PREASR, 4. —FMIERITRGBER N E 24 fE S HE ik 243

8y = max (16)

Sc[Nol.card(S)<s “AE As - I||2_>2

FMHL I, X HE NN AT N A SR B 4
A SEININ—DTFE, card S)FRERSH I
B, RN, R TE YR s, sge/h
(9, TR A T e B ) 46 P o

Rk A e CroNo | H A* ARERAEIE

BB 3 3 = = py =0 (17)

FRoi= i, i=1,r, N AR FE, H
rOE R AR R . R (16) UL & A8 T AR B
As(S c[Nol, card(S)<s) M A & F (B #B7E X (7]
[1-651+6,1N.

J 48 I T 5 Sk AT LA R A B
Bk, BERE, X 3 R AR 0K S A A s
T A BPERT . DASTAE L ) OMP Bk
il mmﬁ%Amngﬁ%d RS B IR 52

Y FEIr 26 AF 6501 < \/_ [2” AR SCHY A AR il i

22 YR NI L) %EI@EI’J <A E T i HE RIC,
EEMEBGCERC), FEIE A BT sS4 R T A
FHEFE A Gram FiFE A IEFREE PR . S/ NME
I3 N E s e (A) s s (A, T

HS max (A4): max {ﬂmax (A Ag )}

LA

(18)
in (4) 1= max {ymm (4545))

TESCHER211H, TEEA e 1 AvE s 2 3F
Hﬁ%?:ammﬁ%%%@ﬁ$,&ﬂ$;bﬁ
T B 1) 2 PG R I, T S
)R, X ORI A ) 5 1 2 S (R IR 1 08
UREL I ORI 22 B % P 1) LB UR T A 5/
fry ESmes i DA 5 0 f 3 WL 1 RIC /s

HS i
T RO A (9 RIC, M T f 45 8.
T AR A AR SR, SR AR B AL
Ttk &

Ao=A*A by=A"b (19)
{Ak = (ar—1Mk-1,maxd — Ax-1) Ax-1 (20)
bi = (ar-1tr—1,max] — Ar=1) br—1

X gt max e S At B RAFAEAE , JF B X F
keN*, 1<ar1 <2, 2ot min e/ A1 I B/ NEFE
fiF{E, %B/L\K(Ak)—ﬂkmax

k,min

BIFAPY A fyg S BRAS TE B B — A
. X T kenNt, an 2R AR 51

l<ar1 <2,

il o B9 T vi i 2 vir = (@x—1Vi—1.max — Ve-1,0) Vk=1.»
i I7 ¥ <)

lim ema _ (21)

k—+09 Viemin

X B i max = max{vis)iZg, Vimin = min{ve )
ERAT B (uo R Ao TR B 9% I Y AN ]

EREAEAE ,  H (pa s X5 ng A A% 250 48, X]L?

keN*, 1 30 (20) k(A0 755

X,

l<ar1 <2,

lim x(Ap) = 1 (22)
k—+00

W Auglz=1,-,pl=0,--- ,mPEAFIE
5 G A X0 T 69 4 AF 1 8L U= (e o) B
U=, Upo WA 01EH g — M AEME A
BER g, Lo X W RRHIER R, 1<n<q. i
V= (v .vg), 00 g E AW . A48 Hermitian 4
B Rl 7YX A AL RO P

U* AoU = diag (.01 .-

’ﬂO,mIpm 5 Oq) ( 23 )

U™ (aopo o — Ao) U = diag((aomo,0 — p0.0) Ipy»
-, (aop0,0 = Hom) Hom1 p,» Og) (24)

X B agpoo —poo <+ O<ap<ls —
UMALRE S 27 BY

(aomool — Ag) Aox = (aopool — Ao) bo (25)

XFAFE U, XF 56 FE (aopoof — Ao) Y 1E HF
TEAE 2 RGN, A/NEIR s XS £ A6 B Ao 1Y 1E ¥
TEAE W01, KRB, 5k ADgk 5
KR Acfig 98 8% [ ¥ 19 UXT f fe FJTUH
I}t = 1(ak—11k=1 max — Ha—1,0) k=1 1} 1mgo A& B 1 FH
S1HE 1453,

SCHR[2017 A Ao SEXTRR AR P, AR (AR 2
IER A, OB TE KRN [-T, TIN 2] B AL R
FE, Bl Aoj& Hermitian 4[4, HARE(EH 7] GE
0o X J& A SCAYIE B 5 SCHR [20]0F B Y AR R 2 Ak .
S Ho=AA*, Hp=(aj-1@k-1maxd —Hio1)Hioy,
k-1 maxre Hi—1 10 B KAFFAEAE , ABA 45420 (20) il
BT SRR AR s B, AT LAAS B 0 I S oy R
R di, Horh 8 2 @y = A H &P = Hieo
ZUINAUE 152 1 2 5 7 72

Dyx = dy, (26)
5 C14) %M, HE%RmE RIKE

N, -1 N, -3 N, —1\\"
:X_‘r X_T .“XT oA
S B G S G

< appMo,0 = M0,m >




244 L Ny == 2020 4E 3 42 &
Ne-1 2.5¢
1 : ikAwt rd
o ZN: 1X(k)e"A Aw = f(t) (27) ‘
k==l “
N 20 ‘ ,
FORBESWRE, WAAOMEARCDERE . |
BOZEIE LR ORGE M i . BRcE T 00 = | | ]
MR SR, T35 RIC, X T R RE A R L5t | | ]
BES, RN OMP B RAET AT, N abyifl | \“ ‘\
R B RIC B3R, AIA 9 OMP J7 1 3k g M 5t ol

(26) OIS, ST 1 5 (27) A9 L gl 2
ZERI L (t)o
B2 AR OMP J7 3 2 B, Il B —
OMP %3k .
Wiete: =@, =0,
PAR . T T AR S IR = N
A S™=S"Uljnn) et = argmax {|(4° 0-
jel1,2, N}
Ax") };

b. x"*! = argmin{lly — Az|l,supp(z) € §"*! }O

JIRL 9 OMP J7 3% = i1 5 LI 56 5 A 7 B
OMP Bk UMK & x , I8 2KV IRLS T L5505
LA Vs oy IR RO 207 R (26) . BT ok

Wik =@, =0,

B, EE TSR EH NS EAEN R = Ny e

B, $™1=S"Uljnt), un = argmax {|(@ @-

je1,2,+ N}
®ix); |

b. x"t! = argmin{lldk — @ 2|5, supp(z) C S"”} o

zeR"

2 HEE

R 227t 5 5 02
F(w) =
2, -163410< w < —15.8382
100w/419+4.8, -11.3130<w<-10.8102
-4 000w/1257-28, -94275<w<-8.7990
4000w/1257 +4, -1.257< w < -0.628 5

2sin((1 000w/ 1 257-1)71),
4000w/1 257 - 32,

1257 <w < 1.8855
10.056 0 < w < 10.684 5
91/3-10 000w/3 771, 10.6845 <w < 114387
2cos (1 000w/1257-14)70), 17.598 0 < w < 18.226 5
Wk AL S TR . B IR KA A
7, AR RE X 1 BHIME SR R X 1]
PYRISEE JNEL 1o o B, ol 2 By AR
DX ) DAY 9 430 3% A 8 A IR, BB R S s Tl A 2
2 Y10 R 9 38 25 /) B 8 110 Bl o ) B U 2
Jei o AR DX TR] P A A ORI 0 2 ) 0 T,

1.0
-20 -15 -10 -5 0 5 10 15 20
w/Hz

1 HEHUE S LS E 5 X 8] 4 By $i i
Fig.1 Spectrum of the simulated signal in a given frequency
range

BRI E T K

ZhiEr=20, XFR(11), Aw=0.1257, N, =319,
Ny =40, KFEJE, 1) B R EERE A B AE
MR, (14) BRI kINAUS, 15305
F14) L0 6 2 by FIUHT O 29 R 5 8 (26) o X Fke N*,
ar = 1013, WERAE M (14) 820 (26) K s % B x
AR 2 1 20 (27) 5 BE 15 21 5% 22 0 [l 9 A A 5 o
YOI AR R Y RIC 86 S AH, ARINALE) OMP 531%
AR x o X T RIFERRAE S, HE Lt kom
U A5 320 (49 38 UL S [ @by 5 KR R R RIC 454,
PEH P INAL A OMP J7 ik sk BB RS B 52 %, 2F T
WL E 2w EsEE. WILERBERMET, M
LAY OMP J7 32 Ho AR IR ) OMP B35 45 W i 1) 1
R, UEAERICEE, 8002 100 RS
AREEXRBIT A S, fER 2~4h, 24
IZRAR R IMALE) OMP Jy ik, 5 AR T AL

i) OMP &1

BTG, PREFEREES BN EORE, MU SRAEIX

30
JINAY B OMP J7 8

25 —— RIMALAOMPH
200

g 15
100

b . . . . |
20 21 22 23 24 25 26
T
2 BNERREEANREXENEL
Fig.2 Changes of the rate of efficient reconstruction with the
increasing size of the sampling interval



PREASR, 4. —FMIERITRGBER N E 24 fE S HE ik 245

100 ¢
90 +
80
70 +
60 -
50 F
40 b 3 JINALOMP J5 i
30l = RIMAHOMPE
20 +
10 |

E/%

0 I I I I I I I I I I I
80 90 100 110 120 130 140 150 160 170 180 190
M;
B3 ARNEZXRMENHRERENTL
Fig.3 Changes of the rate of efficient reconstruction with the
increasing number of the sampling points

100 -
90 =
80 -
70
60 -
50+

40 | )
30l IALEIOMP T i .
Sl RIMLEOMPEE

10

El%

0 10 20 30 40 50 60 70 80
N
B4 BREREMENNHRENTL
Fig.4 Changes of the rate of the efficient reconstruction with
the increasing sparsity

B [-T, T K/ o A SCHURY SR A S5 My = 8052 7]
A8 B D) K 52 BT Fe T R B A SRR SR, IR B
k=15,

B2 WoR, RSB, RAESUH R 45
T, AL OMP J7 ik HL AR AL i) OMP B35 A
TR AR E R, TRk, REERMEXE[-T,T]
I RANAAS B RAE RN B B =22, I
WHk =15,

Bl 3 Won, SREEXEIRAS, SRFE s AH A A 2%
T, SR OMP B kA L, I OMP
TR A AU R S

A SCHR IR OMP FEA e T B
ZafF 5 E, A RE N O A B R DL AU
DR B Y RIC, etk o — 8 1) s i 1) 2 A9 K 52 45
B AN Gaussian B ALJE B4 . Bernoulli %1 [% .
Toeplitz Hi [ FIH B Bifi AL AE B4R & /& RIP Y, £
LG5 53 7R AL OMP J7 i HE AR ALY OMP 5535
AW — AR, T — LR uE AL
1Y) OMP J7: 1A Rk, P ST BENLAE BEAE AR

PR, AT BEPLA AN 2 RIP, Hooz
7 bR T IXCTE] 0, 1) A 329 4345 . ] Matlab A=
B /N R 160x512 (4 35 &) Bl HL 46 B4, T 6 4K
M =160, {55 KEN, =512, WibifE5 0%
S UEREALA{L, 2, N A RN R s 1T 4R ik
B, xi,, weSy, M7 a5 A H ik A% o &
3. X F R E s €{2,4,6,---,80), LI
#1100 Ko ALK EK = 15,

Bl 457, XFF AN R RIP Y ¥ 5] Bl AL AR
P4, AL OMP J5 i b R A i) OMP &3k A B
B A RE ER

3 & it

H £ {5 5 8 A B — 2 54 F T LU
JE 448 B0 Rl AR A2 4 388 A R 6 1) S R L
AR e . AR SCER 23] e B 2, B
B EUE 2 05, FR AR b A SRR A5 AT LR HE A R L
(A S A, TGS SRR R B vt A 3 e 45 1) o A
5, BRI RRETER, EEES —BRET R
FT o AR SCHE XSRS UEAT B T, O R R
2570 A 38 2 /N I B R B, DT 3 2 K A AR
DX ] P B A 50 RN i (R IE O A 8 AT B
o WFAEIR IR S . — R AT B AR B A
MEIEMNE 2w (5 5 Ed, HiEEBEsRREE
JBEE T B BOSE, T OMP B35 B SRR S BUR
DTGB s R FHIORGEE 18 a0
FE R A58, DT el RIC, 2 00 0 %6 B4 1A
b RIC 3 4 KA REH T H AR, Z2UWmiUE#45
1) B S5 A X000 26 e XSG R A N 1 RIC 225K ik g
TS 20E 200 Ed, SREA SCHE A AL
OMP J7 ¥ L & AL (19 OMP vk PG o &5 1) 5 4
R p AR A SRR SR R A S ) R 1)
RVE R AT AL R Ax = bo A0SR SRAE S B R
%, BohAx=bS i A*Ax = A*bREWE 1 $5 11
B, oA AT AR TR Gl R AT AR
ZAF BT A0 AR 25, HEATAx = A* B[R]
IR LA— 15 A A SLIMABUERE , At f
LW BEA IR FER B A AR 25 S AE 53 o2 PR
AL DL A5 ) SF A I A B DL K S 2 R R
&x =d. Z WAL 152 A8 A0 LI A B o Y 2514
BAR/N, H RIC A/ FERSRIR BE,  HLE AL
) OMP J7 3£ 5 A Jin AL OMP Bk 1 A %4 o 4
o ML, SRS Y R R X ], IO T R
SR At i 2 0 L OO Y /N 0 B e B B 3k



246

Bl TR A R

2020 4 5 42 &

=

, FEXE[-T, TINBSIREPLREE . B, REER

e RS , MU SRFEIXH] [-T, TR K/ 42
Tk, MERRFEXEI[-T, TR/ NARAE, BAs Sprt
SANEG RT BRAE ALY OMP 5 ik ib RE WS i 35
— JBE Y LI 46 B4 G RIC,  FH Matlab 044 A2 Jl K /)

N

160x512 {3551 BE LA FEAE S SO0 K B, 1 44

SIBREALALRE AN AL RIP, RIS, X8 —H
B BB 100 YK, B LA TR — A4S 35 20 BE HLAE FF
X [l — A~ Bl AL B F B ) B AT IR, O A
BE o BADEERIAIE T RS, AL OMP J7
B U AR INAL ) OMP S803: A 5 e (1A R

S WK

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

UNSER M. Sampling-50 years after Shannon[J].
Proceedings of the IEEE, 2000, 88(4): 569-587.
SHANNON D. A mathematical theory of communi-
cation[J]. The Bell System Technical Journal, 1948, 27(3):
379-423.

LANDAU H J. Necessary density conditions for sampling
and interpolation of certain entire functions[J]. Acta
Mathematica, 1967, 117(1): 37-52.

VAUGHAN R G, SCOTT N L, WHITE D R. The theory
of bandpass sampling[J]. IEEE Transactions on Signal
Processing, 1991, 39(9): 1973—-1984.

KOHLENBERG A. Exact interpolation of band-limited
functions[J]. Journal of Applied Physics, 1953, 24(12):
1432-1436.

LIN Y P, VAIDYANATHAN P P. Periodically
IEEE
Transactions on Circuits and Systems II: Analog and
Digital Signal Processing, 1998, 45(3): 340-351.

FENG P, BRESLER Y. Spectrum-blind minimum-rate
sampling and reconstruction of multiband signals[C]//

nonuniform sampling of bandpass signals[J].

Proceedings of 1996 IEEE International Conference on
Acoustics, Speech, and Signal Processing. Atlanta: IEEE,
1996: 1688-1691.

BRESLER Y, FENG P. Spectrum-blind minimum-rate
sampling and reconstruction of 2-D multiband signals[C]//
Proceedings of 3rd IEEE International Conference on
Image Processing. Lausanne: IEEE, 1996: 701-704.
VENKATARAMANI R, BRESLER Y. Further results on
spectrum blind sampling of 2D signals[C]//Proceedings
1998 International Conference on Image Processing.
Chicago: IEEE, 1998: 752-756.

MISHALI M, ELDAR Y C, ELRON A J. Xampling: signal
acquisition and processing in union of subspaces[J]. IEEE
Transactions 2011, 59(10):
4719-4734.

FENG P. Universal minimum-rate sampling and spectrum-

on Signal Processing,

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

Urbana-
Champaign: University of Illinois at Urbana-Champaign,
1998.

HERLEY C, WONG P W. Minimum rate sampling and
with

blind reconstruction for multiband signals[D].

reconstruction of signals arbitrary  frequency
support[J]. IEEE Transactions on Information Theory,
1999, 45(5): 1555-1564.

VENKATARAMANI R, BRESLER Y.

reconstruction formulas and bounds on aliasing error in

Perfect

sub-nyquist nonuniform sampling of multiband signals[J].
IEEE Transactions on Information Theory, 2000, 46(6):
2173-2183.

CHEN J, HUO X M. Theoretical results on sparse
representations of multiple-measurement vectors[J]. IEEE
Transactions 2006, 54(12):
4634-4643.

COTTER S F, RAO B D, ENGAN K, et al. Sparse

solutions to

on Signal Processing,

linear inverse problems with multiple
measurement vectors[J]. IEEE Transactions on Signal
Processing, 2005, 53(7): 2477-2488.

DONOHO D L. Compressed sensing[J]. IEEE Transactions
on Information Theory, 2006, 52(4): 1289-1306.

CANDES E J, ROMBERG J, TAO T. Robust uncertainty
principles: exact signal reconstruction from highly
incomplete frequency information[J]. IEEE Transactions
on Information Theory, 2006, 52(2): 489-509.

TROPP J A, WAKIN M B, DUARTE M F, et al. Random
filters for compressive sampling and reconstruction[C]//
Proceedings of 2006 IEEE International Conference on
Acoustics Speech and Signal Processing Proceedings.
Toulouse: IEEE, 2006: 872—-875.

LASKA J N, KIROLOS S, DUARTE M F, et al. Theory
and implementation of an analog-to-information converter
using random demodulation[C]//Proceedings of 2007 IEEE
International Symposium on Circuits and Systems. New
Orleans: IEEE, 2007: 1959-1962.

CHEN M F, QU G R, SHI L. The reweighted landweber
scheme for the extrapolation of band-limited signals[J].
Signal Processing, 2019, 164: 340-344.

WANG Q, QU G R. Restricted isometry constant
improvement based on a singular value decomposition-
weighted measurement matrix for compressed sensing[J].
IET Communications, 2017, 11(11): 1706—-1718.
FOUCART S, RAUHUT H. A mathematical introduction
to compressive sensing[M]. New York: Birkhauser, 2013.
SCHLEBUSCH H J, SPLETTSTOSSER W. On a
conjecture of J. L. C. sanz and T. S. Huang[J]. IEEE
Transactions on Acoustics, Speech, and Signal Processing,

1985, 33(6): 1628-1630.

(4. TLZ)


http://dx.doi.org/10.1109/5.843002
http://dx.doi.org/10.1002/j.1538-7305.1948.tb01338.x
http://dx.doi.org/10.1109/78.134430
http://dx.doi.org/10.1109/78.134430
http://dx.doi.org/10.1063/1.1721195
http://dx.doi.org/10.1109/82.664240
http://dx.doi.org/10.1109/82.664240
http://dx.doi.org/10.1109/82.664240
http://dx.doi.org/10.1109/TSP.2011.2161472
http://dx.doi.org/10.1109/TSP.2011.2161472
http://dx.doi.org/10.1109/18.771158
http://dx.doi.org/10.1109/18.868487
http://dx.doi.org/10.1109/TSP.2006.881263
http://dx.doi.org/10.1109/TSP.2006.881263
http://dx.doi.org/10.1109/TSP.2005.849172
http://dx.doi.org/10.1109/TSP.2005.849172
http://dx.doi.org/10.1109/TIT.2006.871582
http://dx.doi.org/10.1109/TIT.2006.871582
http://dx.doi.org/10.1109/TIT.2005.862083
http://dx.doi.org/10.1109/TIT.2005.862083
http://dx.doi.org/10.1016/j.sigpro.2019.06.022
http://dx.doi.org/10.1049/iet-com.2016.1435
http://dx.doi.org/10.1109/TASSP.1985.1164751
http://dx.doi.org/10.1109/TASSP.1985.1164751
http://dx.doi.org/10.1109/5.843002
http://dx.doi.org/10.1002/j.1538-7305.1948.tb01338.x
http://dx.doi.org/10.1109/78.134430
http://dx.doi.org/10.1109/78.134430
http://dx.doi.org/10.1063/1.1721195
http://dx.doi.org/10.1109/82.664240
http://dx.doi.org/10.1109/82.664240
http://dx.doi.org/10.1109/82.664240
http://dx.doi.org/10.1109/TSP.2011.2161472
http://dx.doi.org/10.1109/TSP.2011.2161472
http://dx.doi.org/10.1109/18.771158
http://dx.doi.org/10.1109/18.868487
http://dx.doi.org/10.1109/TSP.2006.881263
http://dx.doi.org/10.1109/TSP.2006.881263
http://dx.doi.org/10.1109/TSP.2005.849172
http://dx.doi.org/10.1109/TSP.2005.849172
http://dx.doi.org/10.1109/TIT.2006.871582
http://dx.doi.org/10.1109/TIT.2006.871582
http://dx.doi.org/10.1109/TIT.2005.862083
http://dx.doi.org/10.1109/TIT.2005.862083
http://dx.doi.org/10.1016/j.sigpro.2019.06.022
http://dx.doi.org/10.1049/iet-com.2016.1435
http://dx.doi.org/10.1109/TASSP.1985.1164751
http://dx.doi.org/10.1109/TASSP.1985.1164751
http://dx.doi.org/10.1109/5.843002
http://dx.doi.org/10.1002/j.1538-7305.1948.tb01338.x
http://dx.doi.org/10.1109/78.134430
http://dx.doi.org/10.1109/78.134430
http://dx.doi.org/10.1063/1.1721195
http://dx.doi.org/10.1109/82.664240
http://dx.doi.org/10.1109/82.664240
http://dx.doi.org/10.1109/82.664240
http://dx.doi.org/10.1109/TSP.2011.2161472
http://dx.doi.org/10.1109/TSP.2011.2161472
http://dx.doi.org/10.1109/18.771158
http://dx.doi.org/10.1109/18.868487
http://dx.doi.org/10.1109/TSP.2006.881263
http://dx.doi.org/10.1109/TSP.2006.881263
http://dx.doi.org/10.1109/TSP.2005.849172
http://dx.doi.org/10.1109/TSP.2005.849172
http://dx.doi.org/10.1109/TIT.2006.871582
http://dx.doi.org/10.1109/TIT.2006.871582
http://dx.doi.org/10.1109/TIT.2005.862083
http://dx.doi.org/10.1109/TIT.2005.862083
http://dx.doi.org/10.1016/j.sigpro.2019.06.022
http://dx.doi.org/10.1049/iet-com.2016.1435
http://dx.doi.org/10.1109/TASSP.1985.1164751
http://dx.doi.org/10.1109/TASSP.1985.1164751
http://dx.doi.org/10.1109/5.843002
http://dx.doi.org/10.1002/j.1538-7305.1948.tb01338.x
http://dx.doi.org/10.1109/78.134430
http://dx.doi.org/10.1109/78.134430
http://dx.doi.org/10.1063/1.1721195
http://dx.doi.org/10.1109/82.664240
http://dx.doi.org/10.1109/82.664240
http://dx.doi.org/10.1109/82.664240
http://dx.doi.org/10.1109/TSP.2011.2161472
http://dx.doi.org/10.1109/TSP.2011.2161472
http://dx.doi.org/10.1109/18.771158
http://dx.doi.org/10.1109/18.868487
http://dx.doi.org/10.1109/TSP.2006.881263
http://dx.doi.org/10.1109/TSP.2006.881263
http://dx.doi.org/10.1109/TSP.2005.849172
http://dx.doi.org/10.1109/TSP.2005.849172
http://dx.doi.org/10.1109/TIT.2006.871582
http://dx.doi.org/10.1109/TIT.2006.871582
http://dx.doi.org/10.1109/TIT.2005.862083
http://dx.doi.org/10.1109/TIT.2005.862083
http://dx.doi.org/10.1016/j.sigpro.2019.06.022
http://dx.doi.org/10.1049/iet-com.2016.1435
http://dx.doi.org/10.1109/TASSP.1985.1164751
http://dx.doi.org/10.1109/TASSP.1985.1164751

