243 ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2011,22(2):298-312 [doi: 10.3724/SP.J.1001.2011.03721] http://www.jos.org.cn
O b 27 B SR AW T BT A Tel/Fax: +86-10-62562563

T 2 A PR 2% R — R X 43 A S RN B

#OE, & W OAWER 2L 9F0

(E BB RN VSR BE M Kb 410073)

Spectrum Sensing Algorithm Based on Clique Partition for Wireless Cognitive Networks

HU Gang’, XU Ming, LIU Li-Xia, LIHong-Jian, PENG Yu-Xing

(School of Computer, National University of Defense Technology, Changsha 410073, China)
+ Corresponding author: E-mail: golfhg@vip.sohu.net

Hu G, Xu M, Liu LX, Li HJ, Peng YX. Spectrum sensing algorithm based on clique partition for wireless
cognitive networks. Journal of Software, 2011,22(2):298-312. http://www.jos.org.cn/1000-9825/3721.htm

Abstract: A distributed sensing algorithm is proposed which considers the nodes’ contention relation and the
sensing cost. The algorithm is based on the distributed minimum clique partition, which can classify nodes into
several cliques. Then, the optimal spectrum sensing scheme for each node is calculated on the foundation of cliques.
The computation complexity is O(N *+MxN), N is the node number of the network, and M is the number of channels.
By a detailed simulation, the results demonstrate that the network performance is improved efficiently with the use
of the algorithm.

Key words: wireless cognitive network; spectrum; sense; access; clique partition; hardware constraint
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Fig.1 Wireless cognitive network model and corresponding contention graph
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Fig.2 ON/OFF channel model of primary user and periodic sensing process of cognitive radio
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(a) An original contending graph (b) Minimum clique partition of Fig.4(a)
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Fig.4 Contention graph and corresponding minimum clique partition
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SRV (R A 0 3 23 A1 2 3 4 23 3L AT 0 i R S e DA P 2 80 28 R AR J 2 4 s T AT H IR A 4 i)

RUE T W CO_local g Ji AHSEAIE, LL v AREE JEA WL 47 51 ny(i=1,...,N), T [R50 ) Dy ok L5325 1.
Algorithm 1. Distributed minimum clique partition algorithm.
Input: Simple graph G=(NV,E).
Output: Each node determines a clique, all cliques form a minimal clique partition N={CQ,,...,CQO;} of G.
Initialization: | <v<<|N|, color(v)=white, CQ_local(v)={v}, N_list(v)=N_list(v)U{v}.
1. For each node v of N do

2. If color(v)=black

3. Output CQ local(v);

4. End if

5. If (color(v)=white)

6. v informs neighbors x of {N list(v)} to send their N_list(x) and CQ_list(x) to v;
7. For each neighbor x do

8. If {N_list(v)n\N_list(x)}>Z

9. CQ list(v)=CQ local(v)U{N _list(v)nN_list(x)};

10. CQ local(v)=max{CQ list(v)};

11. End if

12. If {N list(v)}c{CQ_local(v)}

13. color(v)y=black;

14. Else color(v)=gray;

15. End if

16. End for

17. End if

18. If (color(v)=gray)

19. v informs neighbors x of {N list(v)} to send their CQ local(x) and color(x) to v;
20. If (Vcolor(x)#white)

21. CQ local(vy=min{CQ local(x)NCQ local(v)};

22. Inform neighbor x of {N_/ist(v)} to update their CQO local(x);
23. color(v)=black;

24. Else Continue;

25. End if

26. End if

27. End for

SEVE 1 ISR P R AT (K s HEAT 2 ke PR il 5, o 234 30— AN TR 20 1 45 R AR AR IRZS B AT
LR LA B B 2 P AR LA £, 2 WY R AT Rl 15 S50 B 1Y 8 20 A AU IS AT 500 3 ) 2 LA 1 A
(13 P T SR RAT A AR 1Y s 2 B AR R P A SRS ] LA ol 2 A [ AR A T, D G Rl 5 3 4 e /N 1) 1415
EE BT I G AR S 5E LU 20k, HE R 2R ME T WL EE 4.3 7.

4 ETH/NDEARSRISNIGRES

A58 Bt /)y R 3 1L R i, 0 26 45 23 31 DA 22 4 TAT A T2 ) 110 52 R 3, DR e S R 4 15 114 23 B B 1% 7% 8 B 7
P FR 1 78 23 289 SIS BTG T4 K e U 23 . LA 45 ) R AR A
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(a) Maximum sensing set allocation between cliques (b) Maximum sensing set allocation inside cliques
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Fig.5 Sensing set allocation process
K5 I IE ) o R
Algorithm 2. Distributed sensing and access algorithm.
Input: Simple graph G=(N,E), {CQ_local(n)}.
Output: Each node’s sensing and access channel set {SA(n)}.
Initialization: 1 <v<<|N|, set Node_State(v)=member.
1. For each node v of {N} do
2 If {N _list(v)}={CQ local(v)}
3 Node_State(v)=member;
4 Send S(v) to head,
5. End if
6. If N _list(v)[>|CQ_local(v))
7 Node_State(v)y=candidate.
8 For all the candidate neighbor x of node v do
9 send S(x) to v;
10. v performs hungarian algorithm to find maximum matching between each node pair {v,x}, gets
SA(v,v&x) and SA(x,x&v), update SA(v);
v sends SA(x,x&v) to each candidate neighbor x to update {SA(x)};

11. End for
12. If N _list(v) is the maximum number within its clique CQ local(v)
13. Node_State(v)=head,

© HEBEERAET hipd/ www, jos. org. cn



306 Journal of Software ¥4 #% Vol.22, No.2, February 2011

14. Else

15. Randomly choose one, Node_State(v)=head.

16. For each member y of CQ local(v) do

17. send S(y) to head,

18. End for

19. v performs hungarian algorithm to find maximum matching between all clique members, get SA(y);
20. v sends each SA(y) to corresponding y;

21. End if

22. End for

SRR BEASTY B AG 8 A AN B (SA4} .75 18 BT fimacd 72 v AR A FHF AN A R I R A4, DAt 1L

PRER NI A5 T AT oy U P SE AT G R s 0 22 A A0 () I 3 A AR, R A () BEAT HR N
1S4} = {84, v & 1)} VASA(Y,,v & 1,)} O WASA(y,,v & 9, )F NS (M)} (7

A1, (31, 0 TEAE PR AR T 25 SA w8 )51 K ) BARHG 31 5 v 2 T e S 0 £330 2 Gl e
FRHIESAT), AR SA(v)=, W Te A5 38 T 0T, BB D0 T — AN A IR AT 5 38 ) 38 SR 3R A5 1.
4.3 SRS
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Fig.7 Throughput comparison under sense and access portion of 0.01, 0.02, 0.05, 0.1
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Fig.8 Throughput comparison under interference distance of 200m, 300m, 400m, 500m
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