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Abstract: The existing recovery algorithm of modulated wideband converter (MWC )-based sub-Nyquist sampling is far
from satisfactory. Aiming at this problem, a recovery algorithm for MWC based on random projection method is proposed. This al-
gorithm projects the measurement value matrix of MWC onto a random matrix with lower dimension to form a new measurement
value matrix, and then solves a multiple measurement vector problem using a solver proposed. The recovery performance is enhanced
through examining and repeating the tentative solving processes. This paper validates the effectiveness of the algorithm from both
theoretical and experimental perspectives. Numerical experiments demonstrate that, compared with the popular ReMBo algorithm, the
proposed algorithm significantly improves the success rate of recovery. From the same number of channels a signal with more spec-
tral bands can be recovered by this algorithm, and a signal with the same number of bands can be recovered using fewer channels.
Furthermore, the run time of this algorithm does not increase greatly. In contrast, compared with ReMBo, this algorithm can use a
lower time cost to achieve a higher recovery performance when the spectral bands of the signal exceed a specific number.

Key words: modulated wideband converter; sub-Nyquist sampling; compressive sensing; random projection

1 s|= 342 K 4 S8 B 25 0, A e o)
$ﬁ%wéi&%kﬁﬁﬁﬁ%ﬁ TR R AR A

BUGHEAR HACKE A (5 SR 2] T ETEMBHETE  m ki s SR I 2 TR R Gk T W E 7, B
[P SRR B 6907 R AEC SRR e Pk B8 B, % B B SCRE Ly Bk

YL R S B AR T — SR SO, B g 5 R P B RS I, T B 9

Wk B 4:2013-04-08; 15 [0 H 4 :2013-12-18; 54T i « iR
HEWH BB ITAAHETRAH AR H (No. 12531133)



o9 M

T BT RENLEO AR B MWC A% 42 30T R R E A 5 1 1687

BT Y 45 S8 S ( Compressive Sensing, CS) P
WU TSR 15 5 4% 28 R SR A O T i L ML AR
CS e, An SR D PG 2 RIP ME DU, 75 545 5 7T LA
Pl 225 2 e 6 Jir S22 SR A /0 1 S e D0 1 v 6 o b
ST CS G, S E AR 1 — S8 5 2 R R A
ik AEALAR I EHLRBE 4 (26 1 R
BALPLEAT LG B (5 %7 AESCHRL10, 11177, Mishali
ShA R AT EVAER €S BRIE , X HA ML 1Y)
it Sa i 5 5 2 1 7 % S 8 i 58 47 4% 4 2% ( Modulated
Wideband Converter, MWC) [V 45 45 B e R A 7 16 X T7
AT AR B 128, DAIRZE 1 SR AR R , S 30 P RS
A ) IV 2% 2 0T R SR A, A 0% M A i 9 A S T
SKREFAEARHE 7 18 1 7 . MWC BT A B A 4553 #6715 5
BORL R0 A 5 8 TN BT 1 S5 TR R 2
PSR EAT S0 N O, B MWC A $2 H 0 i 26
IR A T B R YR AR S 12

FHAYVE R MWC 2% 28 R R AR A0 R D R, H T
TERRI 2R i e 1 B /0N 38 308 50OFN BT e 300G 1 15 5 1Y e
AT B D THTAF AR A R IR B 5 (] . MWC H AR A
T & F £ 1 5] 2 (Multiple Measurement Vectors, MMV)
) CS B — A TS, 2 5 T E M A
F A S 4 MMV F A Bk R ERT LAY b p R
SRSV A B T B R L S A A A
FOAPERE Jy T AR LA — B 1, BP 45 0 TR SRk
(A RE ) 2B T B MMV [ 85 ) AT g . SCiik
(16 148 3 7 —Fh P 8 T I8 1Y [ 4 22 T 6 1 2 5 1 e 4R
F+(REduce MMV and BOost, ReMBo) B #4581, iz 55 124
MMV [5] &E REATL b 2 75 B BRI 5t 1] 4t (Single Measurement
Vector, SMV ) [] 8 547 3K fif , 3 4o 22 YR 2% 3 10 07 12 oK 4
FHEFPERE, (1115 ReMBo Hik M H M EREIE T A K
ZRE MRS L, HAT ReMBo 534 7E MWC H
¥ AT (P R RE B B L PRSI AR 22

ASCERXT ReMBo S A7 7E (19 [] R, $i t 7 —Fh 4k
BE ] 1 B LA 52 5 1 BB 42 7t (Randomly Project MMV
and Boost, RPMB) 53 15 HE 22 . 2 HE Z2 i o Fifi AL 4552 4 It
f MMV 5] {5 £6 BURT 9 MMV 5] 330k 5K A, 9% J5 46 50
HH R, BRI B T S A AR B
250N S o] B[R] ) BB 5 g P, A SCHR Y T — M dE S
T RPMB HEZE SR fife i S 16 SL g 45 SR R W), 7EAH [A] 5%
#F 5 ReMBo AH [, RPMB 3 &L = T MWC F 5 44) Ji
DA, BEAR T e AL A< A T 5 4 e/ Nl BB, i v T
i TR A5 B S R B

2 MWC TP EZEHE RERIE S EH @i

2.1 REFEE
MWC & — P 51 58 17 15 5 04 25 W R SR A

R Y HE AR, SO 25> 4000 1R B e KRl Y
W IR R R S RS TP S R .
B 1R, MWC R m A EEAR, A G S « (1)
[l A m ANEE, 7RSS B A S « (o) B R
T,(f,= I/ T)WHBENLE S p, ()RS RS 15 5
TEATIE AR AR R 172 T) BIRE IR D8 (o) BT,
IGFIHRFER N £ = 1/T BIRE ADC RAE, 3R m
ARHCRAEET Iy, (n), i€ 11,2, , m}.
) 210)]

1&3& t=nT
X —y1(n)
p?)
@» "‘ t=nT
X () — y{n)
Pul®)
) t=nT
X — ()

El1 MWCRZHER

Fhy 22 LA B A REAEL, ] DASE 3t 265 ¢ Sl T RAE
EIFH) y,(n) HEES « ()M ZRIAAITFRR:

®© ,0
V(&) = 25 yin)e P = D¢ X(f - nf,)
n=- n=-1I,

(1)
Hp re [ - f/2,£72], ¢ N pe Co) B B 80 3R
B Lo=1 (Ao + 10721, 1= 1, fravo IG5 () B ZE
g,

MR (D) AT AIEF],MWC 5 3l 18 R 1S
SRS JEAE G X () LA £, N R AL T
TECHUR FIR 25 3 an R4 Y, () B AR m 451 1)
Wy (OWEE i NMrit, X(f - of,)BTERR L=2Ly+ 1 4
Gl (NP n A5, (D) AT AR TE RE 0

y(f)=@z(f),f€l - £./2,1/2] (2)
/E:':P (Dz,,' = Ci,j—l,o—]*@& mx L(m< L)ZEE/‘J%#%E%

545001 () F R4, iTLUE H MWC R A
IS ARSERLT B 2 R BB 43 B R 2ok AL &
fo=fo= B EEASE X () A 25 T 1AM I8 5

yl.(f) q I . Cl,o . cl,lq
N [=|¢ I Cio * G, n=Lotl
20] Lmety”* Cmo” " Gy

»(f) @ 2(f)
E2 MWCRHEHEREHE



1688 H +

EE ' 2014 4F

SFRIBLT LA R B PHBEALE S p, () HI0R £, il %
BEBROP RIS T RAS I 7 BAE z(f) TR E.
I, HEER W 2(f) 8238 R 3535 R 7 3 5 RIAT A
= R S o)
2.2 EtfEERER
30 b 2 RS i) e EEL P A ) 3 0 B AT AR S
K Q)AL
Y(n)=®Z(n) (3)
KHE,Y(n) =Ly (n),y2(n), =, y.(n)]", Z(n) =
[z(n),z(n), 2, (n) 1" oy, ()RR i A
BRI R EF S, 2 (n) Fom z(HH S5 @ DRF
AR R BT BB [ R A F omo< L, R AR
(2)F1(3) & R e 1y, 3 H GO0 okl i i is 5 B
AFME — i X T 76 51 984 15 5 1 &, AR H i 2 () F
Z(n) (VA AR BT 7 — 5 S E OV T Oy R AT A M
— WM. 2 X () RSB B C R, SR
=supp(Z(n)) = {ilz(n) =0} W& Ry, T AT LLE T
T AR
Zo(n)=®LY(n)
Z,(n)=0, L%Q} )
Hp @} = (0 @) ' dl 10Fd, 172005
P H N A P A S P T A o S £
£ Q RAMTE L. 2% FESLBR I IHEBCRFE R, — YRR
FARTFRIHERE Y (n) — R A BRYER, H Z(n) A B
A RBRRE , B (3) ) MMV ] L1013 ~150 Hesk g H
B AT A S an R T s e Ak [l A
minl(Z(n)) s.t. Y(n)=®Z(n) (5)
KR I(Z(n) R Z(n) NBEATRTE .

3 ReMBo &EE40#

TEA T MMV 54 51 1, ReMBo 555 76 F A4 J )
TR R F T L TR B A ER . ZH
PHG D AR R Y R4 50 1) il 3k — S B AL ) i w
LA B — G )y = Yw, I5 00 #2200 & ) 5
(MMV) [ia] JUE A Ay B0 S ] 2 (SMIV) ] 3851 4R )5 16 B F
JE 47 BN T AR S, SR T U B e 1) 5 1 X A4S SMV ]
By =@Zw= KB MR EELHE y = &z
PR BT A . Ao 2 92 ff 2 15 90 40 o DA B2 45 9 2
ly - @z ll,< e PeE moAE 1 TR A A T AL 3 WA 4%
A M — i w EE AT LIRS, X
AR A ¥ A5 30 6 Bk B AT OB R OR Ak

£ ReMBo 5.3 H “PERE 4 T+ (boost) " SR HAT 21K
AR 2R IRTT , SIE G A A ekt T H A PERE . Bk
TR AL G S B B 4 (reduce) ” 25 R AT — 7 P &
AR R BT B AR B SR, 03— 7 T %A SR A

TEHLFRAR T 53 1 A MR BB Y L BR , 52 i Ak 1 A ) ok
— 4 . ReMBo 75 16 55 96 31 45 B v &K 2 A4
S () s R AT AL ) T SMIV (R PR It 5 D
MMV 3] 85AH L , B4 J5 6 SMV [a) 38 b i) T A 45
BRI T X — N MMV 8] 88 A PEfE E R
K (6) LA

I(Z)s%(a(@)+Rank(Y)—1) (6)

K, I(Z)FTRHEE Z MRG0 (@) RAEE
@ 1) Kruskal Bk, Rank(Y) HiFE Y 9 FL. AR, ReM-
Bo BILTEREAE L BRIEAR TR Y MR 2B KT 1
FYREEE B T 1, AR A2 (6) , MMV (1] 8 i K AT EE 4
PR B BE /N T — 26 PRI, A S BE 8 384 N 2 B0 e 1Y
Bk N R R B AR AR O A R A L R, R
AT Z2 1 5] [ S, T AS 2 SRk — ) 00 R ) Bk
Rank( Y) A G888 & . 52 05 &, ASSCIR T — 80
MIFETEREZE I HE SR8 o FEALEE B I R (E B Y 5%
PRI B /D B ) Sk AT AR B Y TR & — AN 1)
4 HENREZSHERERAEEIESR

JUE AR 08 7 i A BE AL U S (B R R Y TR 46
AN G YRR Y. T G E B A T 2 R
J MMV [a) 53U S P4 Q = supp( Z) AT LA 32 3K i 57 1)
MMV [A[# Y = @V K 3RHL, 2 Tk 320w 2 e 42 1
— 5B

531 #aeacR E2-PCHIEFME. uc R
N — B3 A FE AL AR IR 1) &, W A a TR u |
MBI E " K AE IR 1.

IEBR ¥ o 8O3 u SN T T NIE Ha w (R
FE w L) AR, T R e w = 0 fF S R AEECH
L-1.%52,a NESE {xla"x =017 u B 0] REAEA
23 [a] (AT DA RY) o (9 I B2 Ry 0. AR 4l 488 25 55 0 i B
W G S w WMER I A IR LENE , U i F
KA Z . R AT AR B IR 4518

Pla"u=0=1-Plu€i{xla'x=0}}=1.

EE1 CHMM @ WL o(®)=2K,Z & Y=
@OZ HIME— K FRELFEFERE, W= lw,, w0, w0} (I<)<
r) s RIS v, WA B35 S22 3 A Hh B AL AR
FRALT [ HE . B Y = YW, Z = ZW. % 48 IS B 1
MMV [B]5 Y = @V, IBA% T W,supp(Z) = supp(Z)
BT AR 1, 9 AR Z S —1 K B

IERR  MBOERIMAERUL, Z7 1 — e R AR T LA
AR 21 w;,j € L1, J] BB . AR 455 | 38
1,27, i € supp(Z) WA T I IBESR 1 U3 T Z0 11
EZAT 1M HAR AR FEBGE G TAT A LA s, AR



o9 M

T BT RENLEO AR B MWC A% 42 30T R R E A 5 1 1689

RV PR 1) SO ARG A e PR AR ARy 120 ok
ST, BRAR Z ) K AR EHI 2 Y = @Z L, 45 A 4
% o(@)=2K,Z & Y = ®V [{fi— K FRbifit.

FEFR 1 A S A RE SRS T IR AR T
SCTRIFR N RPMB(Randomly Project MMV and Boost) . RPMB
I EERE R Y SRl e i D 5 ) e i 2H

MRAEAERE Y, %A B 4 M Y (95— TR Bl W
BB [ 8 T 5 BRI 245 TE) HR AR i o R A B MMV [ia] @t
TR JE MMV 0] 8 Y 2 #E4E e, BRI a8 SRR 15 i
Zfit.

WAh, Ry 7 4 AL B 3 LR A A AR ARG
MEZR A [ R 45 52 1o B DA I 22 a0k . i ok w2
FETT A S 50 B 42« B AL R S E AT A W] S 4 Y AR
MEZ, R Z, , >R FH 0T 0300 sl b ot 380 7 22 5 L e AT
BEHEEY, =®Z, MY, = ®Z, PIKE B H b2z — i
TCEWR S Iy — A, U HE Y i B K #0E @ 1)
Kruskal FR 1) —2F0F 2B M M RSl L 2%
FHT, MMV [ 851 1) 25 44 1 REAS (R F AR S HE G L
I H 5 RAHERE Z 0SB B TR A —
FERFR I, AR X — 3 78 20 0
Wik AR 145 T RPMB B VA HEZR A DA

&% 1 RPMBEEIERMGRE

A CRFEMERE @ B EARE Y AT K, EAIRE o Bu ki
fRUKER Maxlters
TR Z RO
R wiatk.  WIREAUTEES Ter=1
W2 FHLBOEREYE.
W = random(r, J)

Y=YW
$B3 R, EEN MMV M. Y = OV, A — MR Z F s
0= supp(Z)

HR4 B SVERERTT

WA Q MB101 <KIFA| ¥ - 0Z | p<e BITHEE S;

N, Tter = Tter + 1 FFEE TR 2.3 .4 HE Tter > Maxlters
HWS il RESEE O = Q IR TR BRI A Z
{2"” =0 ,ied

o . (7)
797 =@l aY

TE LR YR e, BT random( r, J) 3R HY 3% 22 U HE
TR rx J(1< J < r) 4ERBEHLAR B4 , R 10 R4
B2 Sk BAASE [ i ” Z”F FIRFEME Z 1Y Frobenius 752X .
RPMB R H T 5 ReMBo H“ [ 4 5 % fig $2& 77 AH oL 1 &L
H8(HR[R] Y J& RPMB 15 R 4k i 75 Fp AR S AU AR B — %1 )
s, sl LR R T J(Il<i< )P
Dt ) i AR 2D 2 v A SR B LR B WAL — 31 1)
U RPMB 1B fL A T ReMBo 5792 . MUIX AN i Al LU

i, RPMB /& ReMBo 553 W ). 38032 v (1) Bt ATL 2
W EAPAIRE : — R AE— 2B b, B MMV [a] @
FIHER; — IR R LR I MMV 1] 8IS Ak B — 18T i MMV
[P AR TP A T 14 RE 4 T SR s

55 ReMBo At , RPMB 34 Jin 1 I & () st 0 H , N EE
FA A B AR BE SR 136, MMV [e] 304 i 7 ] F P A 115
S AR U R T I e R RS B
TEANSCRRL LS o A i B AR, 55T SMV Y S T
TR EL Bt 2 D0 1) 5 A 14 I, KA A 7k AT DAAE
RIHEIE I et FH A RE . F L (0 F RPMB AEZE B i 2%
BRUEL, [R] B 78 43 224 I o 1 o [ 1 2 4 08, AT
MG i E A PERE

5 MMV XKf#sg

RPMB [ — 4~ 5 S 52 AR B o A b R T
ZAH i, AT L3 43 A R AE 224 T o 1) e =2 ] ) B
HIEE(RAME L), %M AE ST SMV I A AE
e RN B 1 5 B A, RPMB T 0 B A & —
Tk R RE B2 THHL D, 1 H AR B I vk 58 L LR A
1155 AR IR 3 PR B — R IE AR AT 22
AEER I FLACR g TAE R IR 3 NSRRI oK
i, AELIE: 0 5 JIT 688 P %) SR A i LA B ) i it
TPEREHE 5 A4 s 8 AR X & 4% RPMB REZR B S e F
FIE. Rt AT T — A T RPMB HEZE A9 = M
SRIRAR T R A — A R R R S P A R
W& . BTEE S AR AE R SO T i S MOMPMMYV (Modified
OMPMMV ) . 3K fift 4 1 G A FHELA ) OMPMMYV 3 13-15
A — DR, IR AT — A 25 1) S U A
FETEVI G B eI B0 A5 i B v AT 1)
() 0, JEHL, I B m A B KW E, 8 e r X Rz i 17
A5V Sk REL 1 S 4 4 L R ) A L 0 45 TR AR A5 1
R4 (30 ) Sl R O s S R S AR A 2 A
T AR AR A

TEAE 2 BRI max (v, m) BRIk [E] A& v
m MRS 5T Qc i1, nl, ®*,
D, fRELLICQ AITHINRTIH @ W)FHERE.

LR PR FER BT, UL Ry A1 52
FETC PN 18 1 B A A 1 2 R R
B, IR 1~ IR 3 TR B S TR
m(m= K)ok ¢, JEUIE L 0 P 5 ——n] L
B ARAERE ST . A, 2B R 2 AT 4, SR
W2 BT B I B A TR, R S A — B 1 8 A
Eb, SR ¢, JEEUG BT 3 1 S P 00 R 0 o] {5 B A5 3
TR A BB A T R S T IS R TR R
FAF ) 2Z A A 5 B — ok, LS m N7
ST K ANEE LR IR 4.5 WL i e s




1690 H +

2 2014 4§

B REAS 1 2 LB 1 SR AR

&% 2 MOMPMMV RiFSEE %

A CRAEAEME @, W5 (HAERE Y A TREE K, TR «
AR Z RN
FR1 FA OMPMMY AR SRR AL minf (Z) st ¥
= OZ IR~V Z
$B,2 T Z AT ¢, S8
RowNorm(i) = || Zi™~ “ 2
W3 RIS
£ = max(RowNorm, m )
BSR4 HEENLTFMQ | o R
797 = D Y
HB|S G G UBHTRI IR e THERA L.
Q:=li€e 127 ||zl
HB6 Rl HAE O Fh R (7) R E 1A Z

6 EIWHERSWR

AT S ) H RS 2 5 IE RPMB-MOMPMMY 1E
MWC V.75 2 B Fe R A T A S 0L M DL 3. 1 S 5 S AE Al
[ &1, 5 ReMBo 5.3 4H ., RPMB %532 1) 5544 i )
SRAG B, TRV L 55 76 4 [F) A5 4 T F 3 1 s E R E A
ST B o /N 12430 T 5 LA e R 0% T ) 19 1 5 1) e R4
R, B Je X AR 3 114) S AGY I (R R A T L AR T

S v R B A e R AR R BRI H A R 22 1
WE N Maxlters =20, ¢ = 107°, LA B 5 5 F
WA A

x(t) = 2 v E.B, sinc(B,(t - T,I,))cos(an,l(t -7,))

H 28 E,, B,.f,, 7, 4R n MU B e R
BT T R AR RN AE SR B[], N R S B i . 45 AT
HRE R R B E N E, = 14558 B, = 50MHz, {55 & 40
FF%E favo = 10GHz. MWC HARRAE S B BROR A J5 HlL %
EAR : fo = f, = fang/195 = 51.28MHz; Ly = 97, L = 21,
+1=195;m =50. B350 84 LU o 2 500 K, 4 K
DU A 53 5 R A

(D) FARFIBERBENL™ A= i1 (= 1) B 308
Pi(t);

TEX I — fryo/2, fyve/2 IR 5] o3 A BEAL ™
A=A AT (1) BRI 5

(3)TEA ROV Bsf 1] N BE AL 2 I 7, 5

(4) il RPMB-MOMPMMV % #1 ReMBo-OMP . %
HRAGTF A, A S bR S EMFIRD Q
= O B NFR E A AL, AR Q 5 Q, IRl @y 2513
1, A D R O

TG, % EAMIE 4 F T RPMB &5 ReMBo i T

MWC A4 B B g A 100

Bl 3 45t TR SIS 5h N =6 F1 N = 8 i,
PR B TE I T A R T R B L m AR RS O, B
AN T BEEFREE J=1,2,5,10 BEIEX R B ph £, 5
F14 J =1 B} RPMB iEfL B ReMBo. \IE 3 () P LIE
L CYSATECH 6, 8BS N T 33 B, RPMB 7£ 45 Fi B 4
FREEE(J =2,5,10) F A E A BT 2 L ReMBo . 4114
m= 18, J =2,5, 10 By RPMB-MOMPMMV 5 1 43 51| kb
ReMBo-OMP 14 FE A4 B2 % 15 45.4% ,52.6% ,63.4% ; M\
3(b) AT LAE H FEAHECR 8 It A 5L A 4 A, 2
HIEHUNT 37 B, RPMB 7E & FP R 4ERRE (J = 2,5,10)
TR FEM R ReMBo . W14 m =25, ] =2,5,10 i}
RPMB 7% 43 %] Fb ReMBo - i) 5 #4 HE % 157 39.8%
51.8% ,54.8% . WA, H1 &l 3 W] DL, 7630 38 B AR, B
& J BN, SR - RPMB 835 1 B A LS R pif 22 8
T, 33— pii 2 BH B 25 % B8 113000 S 1) 2 0 J B3, JE 40
3T RAIREE , T EA (5 B34 £, RPMB 7£ 5877
FIABA R B RT3 P ARG & T RS W EM M.
FABEALEE 52 RO B 29 1) 2L A R A .

M 3 380 LA, RPMB (e A 23 55 4y T 7 1) s 42
THIAEL m ZEH ReMBo B35/, NS N = 6 B #4575 S
HER K T 99% , ReMBo B 7%k £ /0T & m = 33, 1M
RPMB 4 J =2,5,10 W43 5| R 27,25,22 A6 (458 18 .
HH AT L, 5 5% FH RPMB A Ay 348 B89 AT DAAE — i 7
AT T

B4 25 T Y@ B E 2 m o= 30 B, AP L

1L
08
@ 06
i —o-ReMBo
041 —- RPMB(J=2)
o. - RPMB(J=5)
0.2 -=- RPMB(J=10)
0 | 1 1 1
15 20 25 30 35 40
B R m

(@) 55 5 HUN=6

— RPMB(J/=2)
— RPMB(J=5)
-~ RPMB(J=10)

0 1 I 1 1 1
20 25 30 35 40 45 50

W Hm
B) 15 S HHHAIN=8
FEl3 RPMBHIReMBo % E i i 2h 2 B E E T4k




o9 M

T BT RENLEO AR B MWC A% 42 30T R R E A 5 1 1691

P EE A R TR B A 5 I B IV (AR O . W Ir 7
it 25 A0S 501 S, PR R B I A AR I T R
AT B R O MO BT 2 5 R AT AR
A AT 450 -5 A 0 R G ) 6 38 A G, PR L Bt
N SR, R I FE A 3 R A B AR a3 n] A
WA (R A B3 2 B30V TE A RE D i AR B Gn 181 4
AN FETR BN BT T, 24 N =4 W], Bl 25 5507 5000
B4 ReMBo 55 ¥ 1) T 44 M 3 6 JT Ui T B, 17 RPMB-
MOMPMMV ( J = 10) 715 5 Mia 1 N = 8 B F A4 A7)
1535 99.2% , 7] UL RPMB S kA5 3042 7 rl A MRS
1) B R A B, 4 e T AR

-~ ReMBo
— RPMB(J=2)
02l —RPMB(J=5)
-= RPMB(J/=10)

o] B I 1 1 I 1

2 4 6 8 10 12 14
P BN
B4 248 EHm=30 RPMBAIReMBo& i B # i Th &
FE1E 5 S B ZE b

ZE Tk, RPMB B33 3 3 % B8 B 22 1 ) o )
FE 050 FH I 2 1) S () P I 5 B 1 B o T TR
HH G PR RE , I8 4 55 ReMBo #H Lt RPMB f4 3z &2 i) a] 40
fAT W2

o N =R R G e N [T W 7
PR VE A TEEL m = 30 B EE A B[R] . 5258 P[5 55 40
HRUNFEX A [4,12 19 2L 2 M2 K ARE, X R4S N AH,
e I8 55 A 52 56 58 A A R Y 7 IR I B 5 S TR
15500 IRAETE 1 ~ 4,500 G 38 T =11,2,5,101 1)
141 $4) F A B ) . S 30 BT 5 FH A 4 S Matlab2011b, JiF
KA AL 3 Z R B AR CPU S i7-2640M, XUA% /
2.8GHz, NFEH 4G IR 1 Fr7R , RPMB 533 i) 55 44 B ]
FERAT BB J 3G 0T R 0. R R, XS R
K(N=6)Hf,5 ReMBo f lt., RPMB( J = 2) \RPMB( J =
5) \RPMB(J = 10) 535 (1 A4 B 4] 2]l ReMBo 337547
JIrvk/)y . RPMB O/ B 1 22~ £ 1] 8 11 L 3 80 B () 2
R SRR AR TR T2 2 R B TR, 2 — 2
A3HT AT, RPMB A F AR B 1 22 -0 i ) 2 (B] ) 3K 5
PR B R B YR 2 B ) AR 5 2D TR A A [ A
-2 23R 8k, P I 5 ReMBo AH Fb , RPMB AJ A1 5
Fa s ()AL 3% Y155 0 B > (N < 4) B, ReMBo 42:1%
W] DhAE A D B 2 U B N S8 I AL, DU, 5 2 T
RPMB Fir 1548 19 210 B0 J2 LR T R 24 91 ) 1 5
b AW NGOEEN 15 B R s S N s i S R e
PRI 2SS MR AT ST Y N = 2 I, B J B9

TR I [ S8 3o B R A A Bk, B AL I ] 1) 1 A
WEEAR /I, 5 O B ) 0 i [ 5 O R 3K B A Y
KGR, B BME AR 5 B A0 B AR, 2 3/ B
R PERE DT T AL F, A SCHT 2 i) RPMB J7 EEATI AR 2 AN
B e

F1 AEXFBEEZET RPMB 5 ReMBo Bk EH AT A EL 5

. AN [F) R AR BT G- 38 A s [ /s

TR
N ReMBo RPMB RPMB RPMB

[RPMB(J=1)] (J=2) (J=5) (J=10)
12 1.4119 1.0652 0.6915 0. 6065
10 0.7739 0.3607 0.2157 0.2077
8 0.2414 0. 1609 0. 1802 0. 1586
6 0.2937 0.1656 0. 1856 0.1507
4 0.1288 0.1268 0.1494 0.1679
2 0.1073 0. 1268 0. 1453 0. 1548
7 #ig

FEFREHLE R DAL R T —Fp MWC %3 25 ke
KRR A S IR — A RIS A
HEZL (Bl RPMB) Fil— A4~ 3d FH T IZHE S 1) e Pk RE oK i
AR A 41 5 . RPMB HEZEHE MMV B #1115 52 2] — A4~
R4k zs ) b, O A X N B AT MR g, 42 T
LAY RE . RPMB S 35 44 1 ReMBo Fii 424t 17—
ANHES B IEHESE , ReMBo 1 LA 1EJE RPMB i — M 4F
B AR AR SGASE T — AT LLitk A RPMB HEZE [ 15
PERESR Al 25 501k LI 45 R KW, 5 ReMBo 5L AH L,
JITH S AR T A3 43 ) 22 4 D0 o 1) 6 ] P B A5 A
B, AR R T A B A T 2 S A A
AFTRTERE , 4t H 1 B30 3 Ay 3k S80RS 6 0 A T 5 A 4 30 1
B /N s FE AR TR (0 B0 0 8 BCRT 3 T, AT A 115 5 40
HERCE 1 5 1 H5 ReMBo A L iz 47 s 1] - 5 A7 K g
BN, 2445 5 A0 B K, 32 3R A] B ReMBo 7%

N
5% ik

[1] Bai L,Roy S. Compressive spectrum sensing using a bandpass
sampling architecture[ J] . IEEE J Emerg Sel Top Circuits Syst,
2012,2(3):433 - 442.

[2] Sun H, Chiu W, Jiang J, et al. Wideband spectrum sensing with
sub-Nyquist sampling in cognitive radios[ J] . IEEE Trans Signal
Process,2012,60(11) : 6068 — 6073.

[3] Fu W, Yang X. Communication signal blind reconnaissance
technology based on probability density estimation blind
sources separation[ J] . Journal of Huazhong University of Sci-
ence and Technology ( Nature Science Edition), 2006, 34
(10) :24 - 27.

(4] AEWY, 00PHE R, 55 4 IR B KB 5 i
[J]. #2441 ,2009,37(5) : 1070 - 1081.



1692 H +

2 2014 4F:

Shi Guang-ming, Liu Dan-hua, Gao Da-hua, et al. Advances in
theory and application of compressed sensing[J]. Acta Elec-
tronica Sinica,2009,37(5) : 1070 — 1081 . (in Chinese)

[5] Donoho D L. Compressed sensing[J] . IEEE Trans Inf Theory,
2006,52(4) : 1289 — 1306.

[6] Baraniuk R.More is less: Signal processing and the data deluge
[J].Science,2011,331(11):717 - 719.

(7] A07, B8R, 2 00 . B T 1 28 A AR B 15 -5 T 4 gk
EAAFEILLT] T4, 2011,39(10) :2338 - 2342.

Fu Ning, Cao Li-ran, Peng Xi-yuan. Compressed sensing of
block-sparse signals recovery based on subspace[ J] . Acta Elec-
tronica Sinica,2011,39(10) :2338 — 2342. (in Chinese)

[8] Kirolos S, Laska J, Wakin M. Analog-to-information conversion
via random demodulation[ A ] . Proceedings of the IEEE Dallas
Circuits and Systems Workshop (DCAS) [ C]. Dallas, Texas:
IEEE,2006.71 - 74.

[9] Laska J,Kirolos S.Random sampling for analog-to-Information
conversion of wideband signals[A] . Proceedings of the IEEE
Dallas/CAS Workshop on Design, Applications, Integration and
Software[ C] Richardson, TX:IEEE,2006.119 - 122.

[10] Mishali M, Eldar Y C. From theory to practice: sub-Nyquist

sampling of sparse wideband analog signals[J]. IEEE J Sel
Top Sign Proces,2010,4(2) :375 - 39.

[11] Mishali M, Eldar Y C, Dounaevsky O, et al. Xampling: Ana-
log to digital at sub-Nyquist rates[ J].IET Circuits Devices
Syst,2011,5(1):8 - 20.

[12] Lexa M A, Davies M E, Thompson J S.Reconciling compres-
sive sampling systems for spectrally sparse continuous-time
signals[ J] . IEEE Trans Signal Process,2012,60(1):155 -
171.

[13] Chen J,Huo X M. Theoretical results on sparse representations
of multiple-measurement vectors[ J]. IEEE Trans Signal Pro-
cess,2006,54(12) :4634 — 4643.

[14] Majumdar A, Ward R K, Aboulnasr T. Algorithms to approxi-
mately solve NP hard row-sparse MMV recovery problem:
Application to compressive color imaging[ J]. IEEE J Emerg
Sel Top Circuits Syst,2012,2(3) :362 - 369.

[15] Cotter F S,Rao D B,Engan K, et al. Sparse solutions to linear
inverse problems with multiple measurement vectors| J] . IEEE
Trans Signal Process,2005,53(7) : 2477 — 2488.

[16] Mishali M, Eldar Y C.Reduce and boost: recovering arbitrary
sets of jointly sparse vectors[ J].IEEE Trans Signal Process,
2008,56(10) :4692 — 4702.

[17] Billingsley P. Probability and Measure [ M ]. 3rd ed. New
York: Wiley, 1995.158 — 198.

EEEN

EEH OB, W LA, R ER TR
Ui, F2 BRI 1) W A 2 e R T4 A
T A
E-mail : gjx800608 @ 126 . com

fF F B, REL R EER
b AW, TS T h IR AR R A B
B SR AR
E-mail : fupinghit @ 126. com





