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Abstract Compressed sensing provides a new way for broad band spectrum sensing in cognitive radio. According to the
principle of compressed sensing,a cooperative spectrum detection algorithm based on signal dependability is proposed,
which is used in the scenario of multiple cooperated cognitive users, The quality of signal that users received is used as
the dependability in this algorithm, while the spectrum occupation is determined by Orthogonal Matching Tracking algo-

rithm, Simulation results show that the proposed algorithm performs better than traditional ones in the conditions of

different signal-noise ratio,and the detection performance is improved with low complexity.

Keywords Cognitive radio(CR) ,Compressed sensing,Cooperative spectrum detection, Signal dependability

1 Bl

INEITEZ H (Cognitive Radio, CR) 48 i B K T MR 45
ERmBR S, AESEEN, AN REERD R
YRR B SHE A RN . CR ERAI X —5
e, FEA R 3 P (Primary User, PO T , Y P (Sec-
ond User, SUDF| FISGE 2 /0 |/ HUEFI AR, FA PUK
WERBE MR CR TR, B RS RaE CRyHEESR
Bl Rk FrE R X TR X SR A SEAT S AT B A A R
S RN ELAR , R B SO R R, iR E TR
B2 TRERNBANE L, R E Nyquist SR 2 B K E
Bl _EXHE S HATRAE, MR FB R, B AR A
(Analog-to-Digital Converter, ADC) B35 3 ¥ B 1 5 4= %5 K4
BN, F—Rrg R RN R S T R
BRI R EABHEIE, S IET R, XM REREE
AP E HEEHEMAR,

2006 £, Donoho & i T 1 4% %1 (Compressed Sensing,
COFEARD , ZEAF BERS MFHRFS, ELEERE

A XZEF 863 W H (2009AA01Z207) ¥ B .

MO B EREMUEE (WEEBLSTHESHEEE
B A XHE S B RAFEREAR S B SRR B R AL R R
MR > B PR B IRIRES . CS 5~E4 M Nyquist
EHEXMARET . CEENER LEERESHEARS
MERA ARRFRBUEESHERETLR BB T5ES
A EL R I B (IR R 2 lE] R O 1Y

AR, BRI D2 E I R AR LB P ACS
HRRI T B, FEICHRL15]H, Tian 5 A% CSHLTIA
T AR TOER B R 4T, 0] /DB AR S HEAT RN A B 1 01 %%
o, ScER (16 IR A TR /(5 B 563 2% (Analog-to-Infor-
mation Converter, AIOF# TR FELE S HEBREBL BE
AT AT Y B R, JU AT S R . R4 A T
— SRR XTI E RN, S E SR
BRI T RENMERE.

MRHE N TCLR H 8 A R R A B, R B/ X
FAABHTR. SR ERERERETHROER. |
T B 2 1 TS5 S 5 ) A, B A ) o LA TE R B
FAP 05503 o RO » T BV A TS G I TT L 5 A X

ZF 980, &, b4, FEMRFEHANEL ML, E-mail: pilimac64444@163. com; B # (1986 —), 5, Wi+ &, FEHRF M AB
FBHERGEE BRAS), B EE4A, FEHAFTEIBHEERLA:FE BAWL, 5. #R. GLESW, TEFARI M IRRBH S

#EE,
. 22 .



] ST

PMESRE AR AT 5 R R SR AR PR P KRR
BEPSR B B FF 430 4 W 38 3 R B4 “AND” M1 “OR” %,
“AND”B BT A BMEA R A P RN B 82UH - HiES
B, A HE B P RS “ORE R E B — N UMER
PR IBIEALR RS A D AU P E AT . &
PR P S PO A5 A R0 P P BB R L
HA WS R .0 BT, 10 BITRE LM R 8-FR
PRGBS HATHIRE

BRSO A CUR U 245 18 B R 0L IR
BEERARTF L XA 7 MY FRHEE 85 B HEAT T — K
T, M KRR TEHGEMITHE, BREWRA T
WHHRLFRBRFEERR . WRERTATEH A2k
BIB9S S AR B AL FIARI L, sbA 7 X AR O B
BB TRNE S ERBE S AREMIERFE.

SCERL 17X AR TRLR B R L P A B R R RS W B vk B
BEHEAT THEFE, THABT R T 15 LU  UME R P 8L B 3R
ZIEBYKR R . SCRRL 8IS XT AR LR s M AP
BEAT TARAL » 4%t T R0 ST 30 A 00 ek (] F03 AR t [a] By 6 BUAD
ATk, FHEL THOEERRT R, LRI EB X
BMEARII B L 0 SRRE AT T BRST - (ELR Ao R 4 R S B
FTUMESEASR , H E i R —FE RS RN ER
{ER BT TR

2 RHgRE

2.1 EEEA

BWEBES xeRY - NX1 &, x £ NXNEIE
ZHEY=[d &, W] TR KRBRL,IFH K<<N, 8.

x=i§)1¢,-si=‘lls @)
HePBHRAKRE s AEE K MERoE. AUNER ©
ER™Nt x PHATRMENN . MEEMFERENTHAR
4PE #: RIP(RestrictedIsometry Property)t ,

A=80 [ e I3 re [ 5+ i e |l 3 @
R, @r 2 © PIR-BE THHBROER, 0 BXHTHE K
RS S0 E LR RS/ NER. c RERZE o THR
BUFF). RIEEERMIEL, UHE M KL e LI K
BREHMERLREES . BUOREEIERAE » KRR
Hy:

y=@x+n=0¥s+n=0s+n 3
H,0=0% B— 1 MXN MERBHER. FEdR%E

Ly M BB T8 R B R s B BUAS HES «

s=argmin 5|1 st y=@Ws )

B (O My B R AL R B, B FE R SRR 7 SRR R AE LR
(Linear Programming, LP)™ | 338 & (Basis Pursuit, BP)®,
VL AR B (Matching Pursuit, MP) | TE 2% UG Big 38 55 (Orthog-
onal Matching Pursuit, OMP)'® | 1F [ 4k 1F 32 JC B 58 B B B
ROMP(Regularized Orthogonal Matching Pursuit)™ | FE48 %
FEUL D 38 B3 B ¥ CoSaMP (Compressive Sampling Matching
Pursuit) ™) g B 18 br T Atk R ¥ SAMP(Sparsity Adap-
tive Matching Pursuit)!V 45, Hrp OMP BEEENBR BN R
HFEREERZ — HEBE R AR, ZERAETEHN, §K

BRUGEX B MR T R AT A fRIE TSR &
Ptk W TR AR AL
2.2 YMERIRBAERE

FXHBIRLIMEA MG HEEATFLRER, ]
RN 1 .

Bl eMEsmEssRE

RiEF%EHH 14~ PURF,3H 74~ SUMFP,SUR
PEERTANFEW Y B, PU Bife @5 AR BWR N
W, UEEBECh N=W/B, WRR &S XitfT 54 50
ERAL, B SUBFE N METRESEAREERFERX
F4TF 2W i) ADC, LR B AERER D 3~4W. EW K
K, RELIM K

A3, B4 SU LA MX N BIRHTRENUE & @, G
=1,2,, DYER PR, SN W HERES 2, O (G=
1,2, DIATREM R . Hp M<<N, HBUES5{FSHH
BE K AR, W08 MW R M=>cKlog(N/K) s HH ¢ 2—11R
/IR W oy BBUS ST FR 35 IR 43 A B A R R R R 1
/2 RIP {4,

3 ETWEEMBERILRNEE

3.1 EERE

A W UMESE R B P, AR S EREE
B8 BEHERR/DN RHARBEENIEZEEERE . BERE
HAKBEFEERRE. PRHRTE, SU SR ESTH# K
WfE B AT, T SU BB ZE.

FEgRAF P BERHE N ERENNBREETF

SHHARFR,FEEXRNE MO REDEREZESHAE

K K%, Eikk SU B MX1 ELERNE y;, BRE R
RO

¥, =®;x+n; (5
R, n; IMHERAE. 0y, KA 16bit B4k, W B HER
ﬁ:

H;=H, =16 XM (bit) ®

ARG EAS y; 43 BIEF OMP BB #1755 EH,

78 K1 R BR Y, LR N X1 EHEXE ¥ HS|H
By, B W HEEEN R, 5, | BERTRS T
BB S TR SU FFAbSRSE T, ik FE 46 BR 1978 0 350
BRI,

R, R SU A — AR A, BRI
B AT LR SU SMBIX B B 80 4 R 45 2

SEREEN, U ERRRERTREY, URERTE
- 23 .



BORTERA]. Yy, T 16bit Bk, MEEBE R Y
H;=H)), +Hiygoe =16 X K+N (bit) N
YRR SU 5 PU MG EX &R, Bl Bl PU

EDRRE R KRR A R, SRR 137

51, SU B9 M0V MR B T A S0 R P 4 R 1 T R4,

Bt FTRE s A S L%t SUAE TS B TS ,
. SNR,

" SNR,
b, SNR, 788 j A~ SU B TSI E W L. ARIR L
PRRS AR Y, STISE o) AR, B3 Y,

Y:jéllijj (9)
KoY BB A HIW R 58 5 AR R
3.2 MERRE

B A T TSRS @, RIET = 6,582 1 —y; AR
B n=1,

Stepl T, =T, +-max (@, 1, BB AFI [ B EH LI ET,
o, 3646 © W BB B R

¥i=C1F 1)y, 18RIy, X/ =T L T H5
e,

1‘1‘:)’5—%} g’jvﬁ%ﬁﬁio n=n+1,
FIWF n=>2K, &, M Bk Stepl Sk 4G 3R; 2. W Bk %
Setpd,

Yzéﬁmﬁ¢YWﬁﬁiﬁ%@ﬂ%ﬁe

4 TESEREBSHT

ASCH A Matlab Y& 31T 07 L5 (5380 R i B 3T 5
AR S 2 S PERA A ARE VR ER IS
O SIS R M B ROR M (A i K R AT 05 A
BT EBAEH T W S 200MHz, K75 B 115, B N=
256, BEHLEI 5 MEE B PU S, R|GBENZREE.
PHEEEN AWGN5iE. FRILEERSHER P HER
PL B BIVERE] AR IR LS n, MUARSR T A PU G HLAE
[0, nJ(dB) ABEMLEE B . e “EARR” i)y B RN b
PU MRS RA T AL R, ERAARKRM, “A{EE”
TR BE . BIELRAMLIZFT 1000 K.

B 2 B/R TRPER 10 B, MR8 M BUR R SUE
BB PU KSR LIS B SRR Z E X R .

&

Setp2

Setp3
Setpd

Setp5

1 —e— M=20XRF |
09| ~w~ M= |1 L L
—a— M=40XARF |, ;

080 M=A0MER L. .. .0

e M=G0 AR | |
07 § A~ M=60.THE |
—o— M=80% Af |

'R P
B2 AR MET GRIGTER SRR ER
ME 2 PRIAE ), AR5 S R B
.24 .

FERMFE, EEGILERB/MIBRT, WHT®BER
TERERET , BEE {5 VR L Y5 B RO 38 K, “WT {5 B O Bk I A W A R
BABRERM BFEHE, REA MBEBNMIBLT. B
KBS {5 L B A3, KSR LA P 5/ MER L P Y
AR K, A5 B 5 B8 i 0 K {5 R b AR P IR AU BT 3
BRI 25K, HIE SR A ERMBRIUER, &£ M=
40 BT, M5 R L B2 10dB B, AT 45 BE B B (0 i T R
REfEWIAT 957 AG, B RS TR TR EERN.

H 3 BT RPECE 10 6, EARIMERLER T M
BRESKEUBERHELXR,

: R :
G f .
: L ;
Y A :
Sl :
AL .
A ;
# 06 O R S
® S :
osf /- : ,
X Lo ;
04 A A -
03| rn T e 5
02 el e SNR=
/o
R R R
o e o e, S i
20 30 40 0 6 70 8 9% 100 10 12

MEUE
B3 AEMEMIEET M BUE S RMEBRMNER

ME 3 HATRUE ), SER TSRy 1 6, BEE M §9E
B3 R KRS, PR LR E/ BT,
M WBUEAREE SERNN EERERE, YERILTEESR 5
B W BLREEE M BUE B8 L F 2 &, S 7
BLAER LERSE T M BUEXT R B R A R K . HE%
EUYEEE S 10 B, {8 R TS BE” O ¥k MOBUE 40 B AT S B
95 VoA TN .

B 4 BT R85 R 5.10.15, M=60 K%M T /5
W L B S AR 2 [E B AL K R

—o— APUEHAT || ‘ "
og |- ARBSTEE - Iy

—mppuaAt | o S
malid Lcssi RNy o7 AN SR

RS T P
B4 RRAPET, R LR SHRIUBRK SR

ME 4 T ELE P B0 2, R i A 4 238 25
KGR R, ERRLEEDT 4dBRXA4T, P
BN EA BB A ML AR 0 B R G, R LA 48 F
BOR MR LR, DMER I R 10 - B AW B A 3
MELASR T, BEE {5 Lo B B B, TP R BT SR 1 2 B2
WBERERR,15 A/ 10 A A EHRR R T XHE R
HEEIN B RMEE T 1dB, 3+ B BEH P SR, “7T {5
BEEEERMEEN SRR RSE Y, 7EE% LE
By edBR, P HON IS P MERKBMBRREELR
8%, P HCH 10 TRRE IR ZEAN 42,

BRE WML EME TR T BT R RE, 5
BRAZHE T EX RS TE . CSHER—



Pk B e i B RS B 2 AT I B vk . IR E BIME
TERSTIHIL AR B 45 S A 3 AR DA A ) e 0 B S B B A )
A PR AR R, KU LR, AXBHTET
AT{E BE ) FE 4 R UM ST A T vk, R il i R 45 R
TR SR, T AP SAAHOMZER S
B, FeHR A T UMERET P 8E S AR B, X P R R
RAGERIBCRA, #— P REFOER IR, HTHEREK
W, AF X T EREARRME %, 1 U — SRR
BIBER, BT T HEAE T A TERE.

2 £ X #

(1] ek, B, RE,. B HEZRMADNERBREMRLSE
BRI RN BT . TR, 2010, 37(9) 1 54-56

[2] Donoho D L. Compressed sensing [J1. IEEE Transactions on In-
formation Theory,2006,52(4):1289-1306

[3] Candes E, Tao T. Decoding by linear programming [J]. IEEE
Transactions on Information Theory, 2005,51(12) :4203-4215

[4] Havary-Nassab V, Hassan S, Valaee S, Compressive detection
for wide-band spectrum sensing [C] // International Conference
on Acoustics, Speech, and signal Processing, Dallas, TX, USA,
Mar, 2010, 3094-3097

[5] Needell D, Tropp ] A. CoSaMP; Iterative signal recovery from
incomplete and inaccurate samples[]J]. ApplComput Harmon A-
nal,2009,26(3):301-321

[6] Tropp] A,Gilbert A C, Signal recovery from random measure-
ments via orthogonal matching pursuit [J]. IEEE Transactions
on Information Theory, 2007,53(12);4655-4666

[7] Davis G, Mallat S, Avellaneda M. Adaptive greedy approxima-
tions[ ] ]. Constructive Approximation,1997,13(1):57-98

[8] Needell D, Vershynin R. Uniform uncertainty principle and sig-

nal recovery via regularized orthogonal matching pursuit [J].
Foundations of Computational Mathematics, 2007, 9(3): 317-
334

[9] LuGan DT T, Nam N, Tran T D, Sparsity adaptive matching
pursuit algorithm for practical compressed sensing[ C] // 42nd
Asilomar Conference on Signal, Systems and Computers. Pacific
Grove, USA. IEEE Press, 2008 581-587

[10] kiffs, HRE, k. ERRAFEARASEHE(DOI] £F
B, 2011,32(4) ; 83-87

[11] Quan Zhi, Cui Shu-guang, Poor H V, et al, Collaborative Wide-
band Sensing for Cognitive Radios [J]. IEEE Signal Processing
Magazine, 2008,25(6) : 60-73

[12] Yueek T, Arslan H. A Survey of Spectrum Sensing and Algo-
rithms for Cognitive Radio Applications [J]. IEEE Communica-
tion Survey & Tutorials, 2009,11(1):116-130

[13] B4k, XL AR TELR R4 o A 1 AT BEATIE A I Bk (. 74
RARTFRHEEEI . AP, 2011, 38(5) : 79-84

[14] FrH,FEE, LEWH. £F PN HEBHNEHZBRAEREFE
BT B KSR B ARBIAR, 2012, 32(3) . 51-55

[15] Tian Z,Giannakis G B. Compressed sensing for wideband cogni-
tive radios[ C]// International Conference on Acoustics, Speech,
and Signal Processing. Honolulu, HI, USA, Apr. 2007; 1357-
1360

[167] Polo Y L, Wang Y, Pandharipande A, et al. Compressive wide-
band spectrum sensing[ C] // International Conference on Acous-
tics, Speech, and Signal Processing. San Diego, CA, USA, Feb.
2009:178-183

[17] B#U, B, FHH. AN EREREF H BB W H
HERERFSELT ). T 515 B %, 2009, 31(11) : 2682-2686

(18] /R, ¥, F3CH. AL & M 45 th & FE T R L i s 4
03 B F 558 %3], 2009, 31(7) : 1525-1530

(LBZ 47
F73Eht B B A/ B X R K KRR T RERERBES .
#1
st b xt &
e NTP SNTP  IEEE1588

Ak 0. lms 10ms 100ns

RRMA V4 V4 V2

T BBt 1988. 6 2001

EEXFHEUAR & & i X

AT TDMA, B R EXHE N REW N0 F 2, B
WEEe, AT EEE, 4 TR B 2 A
%, WA ZEHE; N, F BB S XEIF R AR, &
KERRGHT. XTEEEHHI, AEHLHE NTP,
SNTP #1 IEEE1588, BEf]Z A LInE 1 fiFl. BHFE 1
T 41, 1IEEE1588 Bl 92 ATHE B L8 » B LASR A IEEE1588
e ARG BT, HEIREL FPGA X 5T A Bl
T E—BtE B FAHRID R &% s H Bl i aet A <, 48
BhER Bt 52 NS 5 PR A B AL B T AR , BRI SE B 43 &
Hb, H R AR E RS

SR T EWHETEZR, RIET TR AL NE

Tk, BARGREMIER T/, SAEARERYEBT
BRI B AR, THEEZE R 2. 5Gbps, B KR LR N
590ns, B K Bl ¥EE A 380ns,

ZRiE At TDMA FHEEIREERE PN
HATHARSR . LRERZE 7 I ER. REXBE
BRAFIVBEERER K PERREAR R ERE
B, TR R TDMA R RESURFRERE PN HE—
FEERIFH EEARERM TR, MABER T RENBIES
MR AR,

2 % X Wk

(1] #MER % HEICAERBEERERGRITU] WiEg3h
i

(2] EFhl SabEEREEARHBAIM]. BMREREMEERA
. ARWRH HARAL 2006

[3] # 3¢k Xilinx FPGA FFR LR 2 O M), dLx . H4
K2R, 2012

[4] #he HEVLESMEERIM]. L. e s FRE L R,
1995

(5] HE.tedfERieM]. RER. B 7R KM AR, 1995

.25.



