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A Fusion Rule-Based Adaptive Clustering Cooperative
Spectrum Sensing Algorithm
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(School of Electronic and Information, Nantong University, Nantong 226019, China)

Abstract: A fusion rule-based adaptive clustering cooperative spectrum sensing algorithm was proposed for meeting
the dynamic wireless channel. Firstly, according to the integration rules of the fusion center, the SNR thresholds of
clustering cooperative spectrum sensing model was deduced to satisfy the basic requirements of cognitive radio
system. Then, the cluster heads detect the current channel state. They perform the cluster spectrum detection when
the instantaneous SNR are better than their SNR thresholds. And they transmit the results to the fusion center for
achieving cluster collaboration. Otherwise, all of the CR nodes would perform the spectrum detection in the cluster
and send their results to the fusion center respectively. Or they would not participate to detect the spectrum holes
and only receive the decision from the fusion center. Finally, the global decision will be made in the fusion center
through fusing the detection results of the cooperative nodes. The simulation results show that the proposed algorithm
can greatly improve the reports channel resources efficiency under the OR rule, while under the AND rule, the
algorithm can expand the spectrum sensing system work range of about 30%, and can select the cluster nodes with
high SNR to participate in cooperative spectrum sensing algorithm.

Key words: fusion rule, adaptive clustering, cooperative spectrum sensing, cognitive radio

W75 B 8 :2015-01-08 ; & B H #§ : 2015-05-08

EETIB EHE A KRB IS IH (No.61371112, No.61371113) , 1 18 K 22 8F 58 A4 B B8 %) & 4 %8 Bh 3 H (No. YKC13008)
Foundation Items: The National Natural Science Foundation of China(No.61371112, No.61371113), The Nantong University Graduate
Technology Innovation Programme Fund(No.YKC13008)

WS AE B %, B AR — R0 IR TR U B B I R 23 AR UM R R B vk AR, 2015119

Qiu G A, Feng S. A fusion rule-based adaptive clustering cooperative spectrum sensing algorithm. Telecommunications Science, 2015119

2015119-1



BERFE 2015 £5 5 8

1 3l

INHITE 2 L (cognitive radio, CR) X 45w, bip 7 3 3% ek
%1 (cooperative spectrum sensing, CSS ) i 1o 7] 4 Bt H £ 4~ 1A
PP T A I D B e B R RE MR T 24
N b 2 RillSE &2 3o ) Y B R S SR R
A2 A R IR |l 8 A1 A R 5 B A AR
B, b 2 R DM RS R A h R S RS D T R
S, BERG YA AR BT BN RO T S
P ARG R 1 A R AE S R Bh S R

O REOMEBUER R R B G4 CR VW AR R
2 A S A AN 7 R B R 4 AR R A S
Ry FEAETE OISR, T A EFEN .
HET W 52 YR REAILYE 0 73 R T 4783 i Y i 1 50 %
T RE B A0 0 R DA B T B R A R SR R A
P2 A 28 GG 0 A B AN S B R dRe AR AL, R A
AL A /AR AR AL T RN B R R
FY 3 3 A T R DR/ N R R A R A
AR Tk AN R B B FH S 1Y R AN R, R T
FR A S A 00 280 AT R A Rk DG R A A
U5 VG 30 R R AR (LA 00 803 o A 2 X P A
AT AR RIS R AT R, ORI 2R
AL B e il 5 R MO Rl 5 R BRI B0
FZAT AND B ik OR A KM 5 ik B e & B 3%
FEA AL TR B A Sk T I MLk A I
FE A & — BRI 5%  B A o0 S BRI %
PERI R SRR v PR R BEP (R TE (Rl R IR e
SRR AR SN DU [ 7 0 R B A 00 R R A
A2 DN S B B R 2 B 78 AT 52 A B 8l L T
S HE ST R A AL IR 2R 0 A RE 2 S B T L A
e, 7 R A SR AR GG DU P RE R W TR R B T A
R 8 R R W BB RO S BUE A, RAEBEE (R R Sk
MVERERR {58 A F 4 T 42 BON S AT IR (0, R
Ao RO, 70 S P 3 8 2 A D A s A5,
FAFRIR W R, SRR G 2R R RSB A
IV 8 AR AR AT, R e /N £ £ 3 DR Y o
W BERASITRERE,

2 HMXIE
SRR M G R A R M AR 25

il

(performance gainoriented scheme), 1 2> £ 3% 5. % (overhead
reductionoriented scheme) 1 3& T 14 G 4§ 5 Bt & B &
(combinedmetrics based scheme), H: H #7 /& 52 B K6 ] 4
e FLAL I 4 2 ] B A AL

Sun C H ¢ A LRI P 3 £ 7025 B2 e DA O3
TR VERE | 8 5 VR R T G 45 R K AR R AU R
R E AT UGS A RO IR TR TR AR
AR RO M BE T Liang XY S5 O T (5 8 4 0 i
FrEh A5 00 LA i O P i B R et il i ik BA
fi /R VLR SR A TR O R AT AR, R
[F] 734 AN () 73 46 36 45 4R 3 R M AERE . Peng K Z 55
RIMTERE ST AR RN LT HEEREENZT]
BROATE 38 A J0  ARL 08 A ) 1) B P o 75 b A 6 00 45 2R L
PEI {5 EH0 %  ElSaleh A A SR 5T 1 23 1% BhF A 15k
s R 0 T A A R AR IR OC 2R R AR A
S5 UMER BETE — b A R AR TR I A A (R[]
WRTIEEMR, GEHAEEZHERGEERTR, FH, 7T
DRAIE R 40 22K A 0 o s B A i, a0 B A KR
HOZ AR P E T 2. Reisi N FUBESY 1 AH DG X 40E K 70
A3 B 5% % 8 5 T8 T B OA 19 B 3 o AN [ B i 4
fRE R A R mA, ERRGG GRS,
Wu Q H #ME T — Bk SR pF 5% 1 RS 50 /953
A 2Rl £ DI R 035 R B e 408 T I Y A He
SEPL RS — B, AR JE IR PR AR I AR Y AT O
IEHEAT A 2R R A e DU/ 2 30 A1 5 AR I A
JRCR o 2 A7 8 R B A AT R

BT, 70 5 B 00 A3 R R 8k ) BOF 5 2 51 % [ A
AR T & RO b i 0 B (H SRR e
GBS B PR S (RS 3 A A R Y
PR B USRS SE T R i s 4 R &
G0 DX IH] /M TR B SRR X

3 ETmAMNABIENSHEHIEML
BANE %

H 38 B 43 5 B AF 090 38 J% B3 (adaptive clustering
cooperative spectrum sensing algorithm ,ACCSSA) & 4R iz %
T A R LR A R Y A A B G
I3 DM AR IR R R R 0 Al AR T RS MU
I3 SR DM U SR v Y A e A I HL M £
PR KT METTBRAA, 2R K T i% 8, WAL ey 72 o A7

2015119-2



is ...

AR I 1A% G A5 R 2 Rl O S U A
AT R IMER AR BT CR 19 R 2 SR
AR IF o3 0 b G I A5 R 2 R A O B AR
B PMERI, R R G2 e fE B B RlA h
7 D 390 1A S D 4 R AT R A B B 4 R
RS T By i & RNk A R K AR R B R TE R
WHEAT)H . BOAFTEZ M gid F P (primary user,
PU) T8, KHF (second user,SU) 19 & FIfl A 1.0 (fusion
center, FC) 15 UM i, W) 73 O A3 TRk R BE L A 1 s

1 e DA At e A 7

3.1 AEITREZE
REFINRITCEE 4 o A RO, 2 R GEIE B R
AKRTF 0.1, HRMBERANT 09 i Bk TARTAEX
S WO WG i AR v 4 g o 0B 5 A S AR R I
B, A St 2 R B P S e B B Y DL 20 R 1D BRAE
TEgn Ml b R AT RERRINE L RS
A R 0 G AR Py oy I B HE SR Py 20 1

AN -1
Lu=2 (*) 1 u
Pd,Ray :eifz 2 +( +7J *

i=0 l! 7/
Ay i
1
i i11—2(2_}_27/) ( )
e —_—
P
RAURD)
fRay — F(u) (2>

Forpe Ay RS AGIN T BRAEL y Ay 7 G A A A AL
TR u R SR, T Gamma PRAK

(1)OR Fl& HLIF B 7 1T B

HflA 0K A OR Fa B, A2 )RR EMR Q=
0.1, 2 R 2 0,=0.9, BB RS A W P B3ty

2015119-3

B AR 0 OR il 45 WU SR A1 4 8 0 5 294
WAL Puon T34 B Prog 2010

Por =1-%1-0, (3)
Fd,OR =1-1-0, (4

)
225 58 I ] 5 B w BN A 3 (2) At (3) T AR A i
BRI PRAE Ao o :

o

Aor = 8or (E,OR) (5)
B (6)
u-2 ( )l =l
PdRay =€ B 2 +[1+—7j x
’ i=0 l! }/

Ay i

1:—2( )
e —e? 2 +.27/ = _d,OR (6)

ASRAF R G R T TR AE yor B«
Yor :fOR(/’LOR’uJ_)d,OR) (7)

BPOR Fl £ ML W T 43 1% 0 1F B 2K 2 R 40 4o 04 g B
I 1 B /MR R L

(2)AND il & #0092 T IR

IR 2R 4 T BT A R P B A i n A1, Y Al
HG R AT AND A BLES, A R IMERL R & R R
R 0=0.1, 2K ML R 0,20.9, W AND F4A KL R
HEANEG T A TFHRMER P, FEEEHR Py
LRilR

]_)f,AND :I{I/Q (8)
1_)d,AND :}{I/Q_d 9)

40 G 1) 5 B w I, i 3 (2) MR (8) AT A i
SR BRAE A 4

ZAND :gAND(I_)f,AND) (10)
B = (1)
AN\ -1
.14—2(*) u
L s
Ri,Ray_e ; il +( y J X
Ay i
A _111—2(2+27/) _F
€ - = i T fdaND (11)



BERFE 2015 £5 5 8

ARTR RGN TIRAE yao I -
Yao = FaoGanos % Pann) — (12)

B AND il 5 B0 R 43 5 10 8 2K 3 R S0 A 0 i PR
IF 14 J5 /M R L

(3)AND Filt & FLU R 224 A T PR

A 0 R HAND BB U R R G R R
(4 AU PR S A T TTBR 5 2 5 0 A 89 9 a0 B0
X, WSHMEM2BY 8EC ) m, 2R EEBE Q=
0.1, 4 Ja £ WU 8 2% (,=0.9, W) 1 AND Fil 5 # 0 5K 75
BAEEFHRNEREP . FEEEBRP 2

iR
Boo =40 (13)
}_)dI,AND :nz/Q—d (14)

L 5 A 58 A w B () S (13) AT A A M
RE BRI TR A o M

A’/Y\ND = g;\ND (EAND) (15)
BERf K (16)
AN 1
u=2 (*) 1+ ' u
& 7
Fapay =€ 2'+( 'j
i=0 ! 7
Ay’
u—2( )
A i 242y' —
¢ —¢ i'y =P o (16)
i=0 -

ﬁfﬁ?ﬁ%%’:?ﬁﬂ FE{E ’)’/AM) j":’:

sl (A st o) (17)
B AND Fil K00 R 49 A5 U PE BB 18 B 2R 0 I 1

R FRF ) e /M e L
N S M T BRA y 1 R R T BRARL, W
UHEHE SNR=y B, R4 % H 40 5 I ERT L & WS A A
i o T ) X (o W N 1= 0 ) X (L o £

Jr A

32 ETRAMNMBENSEHE
B Bk
o BRI A T A 92 R S AE R (D
(GLY:AF

T EARAY AR, H R — AR
AN ] 5 RS AT LA 2 58 R 0

- RRAYR DA R AR B2 C 2 B R SEA

FETF R B9, PO R G Rk e 3
FVHEAT A BRGSO o o 3 Ol
R P R 5 5 IR BR M A R 0 AT O 8
B, B JR e — E B I IR AT B RO S R
BRI BRGETE R OF 5 R R T R HE AT ROk A I
PRSHFES A, Wil fE& IR % LA T
ZOn R g

_|n() » H,
x(t)_{h(t)-s(t)+n(t), H, (18)

Horh (o) IR PRI A5 5 s FE P R
(155 h(e) 5 I (R B3 48 n() W8P 15 5 L H,
HIH, 73 3R EH A MR AL

TR MU 3 7 R A AR R A O
e R SRR AR A RO RS U R T R
EL, 25008 32 F P 030 3 A A R IR 50 0 e Wi £ g 1L 2
BRTH - HETTIRAE, AR KT TR, WAL &
FARHE R, LR IAE R ER A o, /W, 25K
Vi s AT A SR A OF 3 ) R T A R = A R
B AR R MEBE R . RJE L BES P O AR R
MG JE PR E , MR A RN 2 RAR, R
GO 2 Bin

EX ) Gia

S BRAHE L

(]

TP A

HR AR R > 3T PR

SE/TCH RASHOASI | | A5 A AR

= [

Y
il OB R

KRR S5

P2 ST Rl RN A 13 R 23 DI B R i

2015119-4



is ...

3.3 WMEELXEAH

b L2 W R A T RS BN O A B
PRSI A Sk R R B R R R T
BRAUCE R TTRR A A A MR AR B A S RS
AT SR MW 58O N, A A
B /NI o3 S A3 R A O R AT B B T /N A U R
B L B R ZL R O(M+NlogN)™; — 4RI
AETHIAT—WITREE MINWKHEE TTRME R, —&
Bl A, B R 25 B S OMUN), TR 0, 2 40 Rt ) & 2
F£h O(M+NogN)+O(MIN)=0(M+NlogN).,

4 HESEREESH

TE 5 Ml & (8T, 3 F MATLAB 15 B F & % A
Rl B0 B A S 00 2 AR T PR A DL RO TR 1 M e A
T ARG AN RSB A R R R R 4 R R A
REGTHAE, RAWE s pER A o E 5
N5 BEHLA R 25 AR B IR R R 5T R
BOMNE W B R, e R E S &R E
o7 6 B 43 A DI 4T B A A Kl O A e A S i A
A8 EMR 0=0.1, 2 KR 0,209, 1 H
OR Fli A FLN SR A5 9 BN o 35 5 F R AR P, T8
WP, 5
Bor =1-91-0; 0.001 (19)

Pior =1-01-0; =037 (20)

A B ) SE A w=s, A (2) R (19) 0T A5 A% Hb i
PR AE Aog=13.6; A1 28 (5) TR A5 BL i R4 T TR (. yor=
1.3 dB,

() AT A5 E AND fil & 00 R 2 5% BME TTRR 1 5 45
SMETTBRAE 20 51 A y0=6.2 dB #l y=11 dB,

MfA R OR A&, BRI R T 1
PR B, AR AT A (5 e L 22 3R [-2,0,1,1,2] dB . [-4,
-1,0,1,3] dB [-3,-2,-1,2,4] dB[-3.,-1,0,1,2] dB Fil[-5,
=3,0, 2,5) dB; YA {5 M LN F TR A A N AR
W 23 50 R [-5,-2,-1,0,1] dB [-4,-3,-2,-1,0] dB .[-6,-2,
-1,0,1] dB[-4,-3,-1,0,0] dB fl[-7,-3,-2,-2,-1] B, #& ¥
o 7 e A B A R e R A A o WM 41 A M
T BB SR i 4 0 G L 3 T 4 BTR

2015119-5

1.0 4 - #
0.9
0.8

0.7
06
B

= 0.5}
S

I® 0.4
H

03}

02}

o1l —a— EEIME
e R ME

01 02 03 04 0.5
2 RBEMRO,

B3 SNR=7yo

1.0 ¢ + 4

0.1 —a— FREME
—— 2 S ME

04 0.5

o %%ﬁ%ﬁ%é
El 4 SNR<ymn

P BT 3 AT, A o MR LG R T T T PRI 7 f e L
55042 dB .3 dB.4 dB .2 dB il 5 dB, WiFBMER TR
ZORT PR RE 2 A B R G RE I R R (21T S UME
B 15 05 T AOR B 7 B M ERE R 20%, HLRERE N
T AR A B 0 R AL L AR BT R R T R
A, FLBAAR 979 B0 0 T 38 K R AR R L/ T
TBRE R, Qe 4 F s 568 15 S EMEE 250 1 .dB L0 dB,
1.dB .0 dB Al-1 dB, 4> & 0 A7 i 3 R 55 0 199 2% 0 4
AR RE A B R G0 0k RE I LR W AR UME T R 4K
T FE bR B B 2 R G5 T AR DX SR I LA
o5 A T TR A T RE R IR SR R B BDOR 4
A7 UM B A G

MARGER I AND Fil A BN R A W R T4
PR TTRR (A, B P9 R AR MR H A R (11, 1106, 12,
12.4, 13.6] dB.[11.2,12,12.6,13,14] dB[11.4,12.4,13, 13.6,
14] dB[11.6,12.4,12.6,13,13.5] dB 0l [12,12.4,12.5,13,15] dB.
MR AR M LK TR METTRRAE HAN T 2015 5 DM E



BERFE 2015 £5 5 8

ITRRAE B, B P9 A5 A7 e 1L 43 0 49(6.5,8,8.5,10,10.5] dB
[64,7,7.688.5] dB. [7,74.828.6,10] dB, [7.3,7.8.8.69,10.5] dB
F1[6.7,7.2,8,9,10] dB., A fk P 452 £ M8 L e K19 A
YO8 BB R 0 R T I A TR 3 i n LS
Fr 6 fim .,

0.1 —a— SR ME
—— & S ME

01 02 03 04 05 06 07 08 09 10
2 R HEE RO,

5 SNR=v wo

1.0 .
0.9
0.8
0.7
J%Oﬁ0
% 05F
E 041
03}
02F

0.1k —a— SR ME
—— i RME

01 02 03 04 05 06 07 08 09 10
2 RBEMRO,

&l 6 Yw<SNR<vy'w»

M S A, YRR R LK T 2 AR 5
B 52 3N 13.6 dB 14 dB 14 dB.13.5 dB FI 15 dB,
T T R 210 T A K A T 1 R 2 B A B R
RER R FEMEARE 2 R G0 T BB AR T 47 A E
A, AR TAEXEZE2 S ERSY BT 30%,
16 1, 247 1 f e LG Ak 2 A T BB R 4 155 B PR T
BRAE 2 [, 7 1 {5 W 1L 20 504 10.5 dB 8.5 dB.10.5 dB,
10.5 dB A1 10 dB, 7 & P16 =00 0 1k B i 05 38 31 R I
FRBESR A A PRI 4 A T A 25 i R AT
TRERIER SRR AL RE G
K, BB 2R 0 00 4 3 4 7 A AT R PR A, RS AR

A P A5 8 BT IR RE AR i R AR I PR

{5 79 B A5 A8 5 5 A o S O ) R A A
AR — AL 9 R B 30 1 AU P Ay AT
AR UG T I, U9 — AL REAE D 1, P 4 350 15 % 42 0k
PRI G 0 5 R A 20 G 1T R RE RE T He 3 30 ] 7
GUEEY P

—
(=)

GRS
& &

N
'S

PSR A

----- gL
— iRk

<
[

73 S 6 7 910
TN S B
7 OR BEIHE & KT T TBRAE AN AND B 0] s 555 PN 45 308 o ) R

12

§10
£s

| prt sk mm eS|

EX-WER A
[SEISEFN-N

1 2

4 5 6 7 8 9 10
FENAT R

& 8  OR HLI#E 15 K T I TR E A AND BLIU I 25 40 R AE T LE

M7, M ASR A OR MU ELAE & (KT
ITRRE LK 50K HAND SR B, fr 42 30k 0 — b i
5 1 B AR AR T 4% 40 70 R M 0 | ELRE G 7 1 9
A0 S5 O $A SE fn BA A ek PR 8 T 4 R G5 R FH OR B
FUAE (5 W b K F 1 TBRAE LA B & 45K ) AND L B, B
BRI BRI, BT R Sk R A b T RE AR A
1T 2 45 43 56 V0 A5 0 0 Bk e RE A L MG K L T R
BT R T T 2R 0 T i R A0 [ I B M AR N
TR AR G AR R e

5 H5RiE

F 3 R 70 % DA 36 5 1 B S MU T A 0 0 R
P 0 2 2R S P RO 3 2 O TDBRAEL, o 5% 5
R AR SRS I 66 1 20 R B A 2 Je b A O o B £ R

2015119-6



m WRSFE

AIEATOMEIRIEAG I, (S Ie) 5 S5 R 5, BEHLAE B 254
IWH S JF R S AR RATSERLE OR LAY,
O REDMES B &M TTIRME A 1.3 dB, 4 #% B B0 etk
FA% TR G, 7 F 23 % B4 aff A7 005 A 0 K 3t i 2
TR G, R T I A = P
K TG AND BB 43 7 OME 5 SR TT IR
6.2 dB, &7 S MESE A TTIRE A 11 dB, K I, 4 %
B P M LK T A R EE T B BN F 215 S M E T
BRLEL AR, 47 4% 56 05 5 B 2% 5 460 00 2 40 oK A9 Ml T, 24
AT A R H K T 25 S PR TR MR T 2
A PMERE R, 2 R UM E R R G B AR L AT R
GiAT R T AR KR K29 30% ., 4 & 5K A OR BLI HL% &
f M LU R T IR E DL K &R 40K AND BB, e 42 i 9
SRR BN 7R R 0 R 0 [ I B /R R AR
WM RGEA MK REFE, 7T L, I m & ho R A
] R R A T, A L3 e A A TR 3k 0 e 7
ZERMMEREZOR AT RS R AL AR,

£ % 3k

1 “Chien W B, Yang C K, Huang Y H. Energy-saving cooperative
spectrum sensing processor for cognitive radio system. IEEE
Transactions on Circuits and Systems, 2011, 58(4): 711~723

2 AR XN A TG DA I £ i ) 23 ) S S
Ak BAEER,2011,22(2): 298~312
Hu G, Xu M, Liu L X, et al. Spectrum sensing algorithm based on
clique partition for wireless cognitive networks. Journal of
Software, 2011, 22(2): 298~312

3 Sharma P, Abrol V. Optimized cluster head selection & rotation
for cooperative spectrum sensing in cognitive radio networks.
Proceedings of International Conference on Wireless and Optical
Communications Networks, Bhopal, India, 2013: 1~5

4 skmeds ok IR BRAG . BT A N AR P Ak e 04 B R A ek
VRS I AE 3R 43 1T 384 2, 2011,32(11): 176~182
Zhang X G, Zhang S B, Qiu G A. Detection probability analysis of
cooperative spectrum sensing with the Nth best relay selection.
Journal on Communications, 2011, 32(11): 176~182

5 0 H3OF, Eik, SRR UMESGE R PR B ISR ] BR KR
. B 5 (5 B2, 2010,32(6): 1406~1411
Xia W F, Wang S, Gong S M, et al. Fast adaptive threshold for
cooperative  spectrum  sensing. Journal of Electronics &
Information Technology, 2010, 32(6): 1406~1411

6 Wang L, Wang J L, Ding G R, et al. A survey of cluster-based
cooperative spectrum sensing in cognitive radio networks.

Proceedings of Cross Strait Quad-Regional Radio Science and

2015119-7

Wireless Technology Conference, Harbin, China, 2011: 247~251

7 Sun CH,Zhang W, Ben K. Cluster-based cooperative spectrum sensing
in cognitive radio systems. Proceedings of International Conference
on Communications, Glasgow, England, 2007: 2511~2515

8 Liang X Y, Bai Z Q, Wang L, et al. Dynamically clustering based
cooperative spectrum sensing with STBC scheme. Proceedings of
International Conference on Ubiquitous and Future Networks,
Phuket, Thailand, 2012: 227~231

9 Peng K, Tu L. Weighted-clustering cooperative spectrum sensing
algorithm. Proceedings of International Symposium on Wireless
and Pervasive Computing, Dalian, China, 2012: 1~5

10 El-Saleh A A, Ismail M, Ali M A M, et al. Reliability-resources
tradeoffs in  cluster-based cooperative spectrum  sensing.
Proceedings of Asia-Pacific Conference on Communications,
Sabah, Malaysia, 2011: 360~365

11 Reisi N, Ahmadian M, Jamali V, et al. Cluster-based cooperative
spectrum sensing over correlated log-normal channels with noise
uncertainty in cognitive radio networks. IET Communications,
2012, 6(16): 2725~2733

12 Wu Q H, Ding G R, Wang J L, et al. Consensus-based
decentralized clustering for cooperative spectrum sensing in
cognitive radio networks. Chinese Science Bulletin, 2012, 57(28):
3677~3683

13 Digham F F, Alouini M S, Simon M K. On the energy detection of
unknown signals over fading channels. IEEE Transactions on
Communications, 2007, 55(1): 21~24

14 BRAS 22 B AR, T B /N AR IR ) 23 5 DI S0 335 SR 0 ok s
AR R ,2014,5(54): 564~568
Qiu G A, Feng S. An improved clustering cooperative spectrum

minimum

sensing  algorithm  based on

Telecommunication Engineering, 2014, 5(54): 564~568

spanning  tree.

[fE& &)

BER, 5 WL MiERE TR E B
BB, 32 BEWT 5T 1) Sk A0 4 2 ) 4%
WHHEA,

S ES IR N TR PN R (i = e U e
FEWETETT W A TR M 2



