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Fig. 1. Different loads with different topologies:
(a) topology 1; (b) topology 2.
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CAGLO 53k 70 901 46 A A 38 20 Bl PR3 A B
B IZSE R SEEL R EAR AR AL 1) B A
HIA ST DA A, 2) RS E BB B, #5711 s
RAERREFAZL.

4.1 WM

FEASTE 7y B HE IR LI B, K5 205 B
BEATHIAEL, BIEALAE Bk 1 s, BE)E, &1 A
L) R AT (5 B S HOR A E % B LU AR JE
RIER, W E DERIIR. & A E
SPGB 4k 247 58 —JalAE, Wa
R RE AT Y R AR AE B

®1 WA PIRLEE

Table 1. Initialization information of node 7.

id(i) re(d) E(i) (i)

TP, id(i) RIS aid 5, FRBRR %
TR re(d) FRoR T A RS TE, V146 b AR 4
T v € [T FAAE 8 0 H kAT ML L B (1) o
T G BIBIAR T AR e B, WIAR LIS A 10—40 2 [A] [t
MUYBE, FF a5 i 25 s w(i) Ron T i B4
W AEIE re(d) NRIRLGEE, WIERHA —oo.
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4.2 fFEHECH R

KT HRE T ARCE, K I o A4
Fe BT HE B, B S A N T A LA
R B | PRI R, R (1) 2
LA AR RS B HGS , ST R
S SR MG B A5 P! = argmax u; (si,8%;). 2T
0 A 1 YT Y B G B (2 3,
IR A (5 e A R

T RAFAE T TPV A, U At 3 25 i d /)
M AT AR, R AR B, ok
T

W2 ) A el R B IS, REATHE
KA SR MR WUETE. 2 P4 AR R A 58
k5 k415 RfE 18 2 a0 (22) 2R f 26 R, B
NS E] NE.

s(kyi)=s(k+1,i). (22)
CAGLO FL ARSI 2 B,

for(each non-leaf node i)do
compare Life(i) for each node 4;

end for
for(each iteration k =1,2,..)do
for(each node i of NL)do

end for
for(all the node ¢ j of NL)do

end if
end for

if (s#t1 = = shdo
break;

end if
end for

order NL in ascending order according to Life(i);

calculate u in each available channel according to (11)
compute the channel to maximize the payoff of i: s;#*1 = arg max w;(s;, s;)

if(s#+!1 = s;#*1)and j in the interference range of ¢ then
keep the node z with lest Life(z) as s,f*!,other node i, j to s;#+! = s}

//the final allocation s must be an NE, and set ¢; = s;**1!

s;eS;

k

K2 CAGLO FZmth s
Fig. 2. Pseudo code of CAGLO algorithm.

4.3 CAGLOEZXEHS#H

MBR1 CAGLO HiLBEW IS 2 NE.
WERR HE R 2, JAIMS H CABG # RIS
TR, JXH I (R IS5 o5 Ko 9 45 BT AT 1 s R 2

Z RV (re(i),re(—i)) = Zul (re(i)). HEHS3

o O 5 4745 NE, 14 NE 1A i V3% 51
KRR RIS A, CAGLO SyLIE T it 0] 3 5B
15 71T AU 2 BRI 3 i KA AR BB TE, P
PLIX 6230 7 2 AT SR 1 2 e KAE, Rt CAGLO &
ERE IS B NE. 5 115,

M2 CAGLO LR A R IE KM 2% 4
i .

WEBR T o, A SO WSN H B Je TR fE &
FEOR M 2% 2B AR B8 1 0 A e X
R - = I I AT = S - S RS ST -2
NetworkLife = min Life (i). M % F A1FE7E
FHhIS, NetworkLifemy = minLife (i)gyp. A

15 385 TRV L, AR RN R S B
4% 75 iy 29 /N T T BLAECIR 25 R BT SR I A Ay
W, il Life(i)gy < Life (i) MXT CA-
GLO B3k i, 28 X A4 LA KB i 110 25 e, {f
T RTE R B TE R B 5 28 ST PR A
/NPT R BT P R4 0 AN AR R (5. AT CA-
GLO F A #L AR A A /N B 345 S5 AE FHAE T
52 B A= i 3K T GBCA B3k N 52 b 28 iy 31,
B Life (iLz‘fe(z‘yJ\);;f\GLo > Life (iLife(i)/J‘)zlsf\CA
[A it AT 43 CAGLO & vk T (1 W 2% A= 4w 1 K T
GBCA 5 T 2% A i, &Y

NetworkLifecacro

. . . CAGLO
= min Life (ZLife(i)/J\> b

GBCA

>min Life (iLife(i)/J\) S

= NetworkLifecpca,

BRI T A dr ] BT UL, PR 2154, [
I, Je R AR (A1 6 fros ) ik 1 izdE .
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ME3 CAGLO BWEMNIE BERIEN O (n).

SEBR 7 CAGLO BE WG LI B, A5
SCHERE T B RT3 L e, B U4
1 AN, ZE LI B ST AT e 1
420, 1 CAGLO BEMIS i A IH B, 45 1
AR EWS s 10 97 50 90 5 K HEAT 1L, DR E e
BV (5 B, 1R B4R, CAGLO Bk
SRR {5 B 20, LA 43 CAGLO B3
KIS S 2N O (n).

5 CAGLO & &1 B %k

1F X # 2r 3 A8 i MATLAB 17 & % CA-

GLO 53k M V5 e BEAT VAR, JF 45 GBCA A A
N CAGLO Bk iy »F L 83k, BT 7 X 0N

200 m x 200 m F—NJ7 8k, A5 12 r = 30 m, 7]
FEE N 4—10, 75 555089 50—110, BT 15 B 45
SH400 20 kST R A T8 45

0.55 -
osol @

50} —— GBCA
045 | —& CAGLO

0.40
0.35

0.30

AT/ %

0.25

0.20

0.15

50 60 70 80 90 100 110

K3 S w A AN R 5 T 00 B

5.1 Tt

ASCAT BT IS T8 2 B s A U BTN
Bt BRI, SR BT 00 0 ) B R T R
AN BRI, FRAT A B AR TR B R T B CAGLO Bk
PIPLFPLE, 15 B4 R 3 R,

B3 (a)H, R THULBES W s H i 2
MK, X el T REAE M s B 2, i
S FH AR R 45 38 (0 795 SOBCE N, e T 4% A
Bl 3 (b) Hr, B T4 LB & mT A5 38 00 59 b
N, XN R T 2 I EEIRSE, AmTH
B T EZ R [RIE ER B A H ko) i 2 (5 0,
REMS G R D 28 TP, BRI 3 AT L, ANy
MEOE 2 R HEERE 2, CAGLO BT
P iR /N T GBCA H vk, XKW CAGLO H ik
AL GBCA BERRH R BE 2 10 T30, Hpt Tk
RETE T GBCA.

0.7

06 (b) —— GBCA
' —&= CAGLO
© 05
~
2 o4
ﬁ .
e
& 0.3
P
0.2
0.1
0 \ \ \ \ \
4 5 6 7 8 9 10
fHiEs /4

(a) T REAFRRAR T, (b) FIEHA RN R AT

Fig. 3. Comparison of residual interference ratio with different node numbers and channel numbers: (a) resid-

ual interference ratios with different node numbers; (b) residual interference ratios with different channel

numbers.

5.2 fsEHEE

XFFARIE BRI R, Br T 2HA B RIF ST
PRRCR, I E 5 TE 43, 38 Go 08 SR TR
. ARSI AT BN 110, FTREEECN 5, 114
Ak 4 Fros.

M 4 (a) 7T, AEAFAE 81/ AR R 3R B
T, BAMEE AT S HUSTE 16 £ 4, CAGLO 5
GBCA 3% 1015 38 3 I 15 DU AR X ¥ 45, JF Ho i
K4 (b), IS CAGLO HyLM{EE M I E0 2/ T

GBCA 5%, ik, CAGLO Sy {5 18 i 8
FBU BN, (518 5l 45 5 5 11l

5.3 XX TIKRTI a5 wHAZ M

FEIEETIRAER T, T PORE Y mE A
REFBINIR, A= A JU1/NIO 1T R 2R 2. PR A5 1
rHECERE R, S RZE N A TR A A N
TR TP, AT/ BERE, E W28 A . A2
ARSI R R 2R i LT R HES I 0 R B
(A a2, SRR, 1 R A A IO
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(a) A 1

251 {5 2 |
DfFiHE 3

20l EfFH 4 |
B {FiH 5

TRE A

RN U722/ %

GBCA

CAGLO
Bk

4 (IR (e

0.25

(b)
0.20 |

CAGLO

s

ik

(a) FHEALHIENL; (b) BN %

Fig. 4. (color online) Comparison of the balance of channel usage: (a) channel usage; (b) variance of channel usage.

5.0 ——
45} (@)

——GBCA
Lol —+— CAGLO
351
3.0f

2.5

/1079 m-2

2.0}
1.5}

1.0

TR

1.0 1.2 1.4 1.6 1.8 2.0 2.2 24 2.6 2.8 3.0

4.0 r T T T
3.8 (b) —+ GBCA

3.6 = CAGLO
3.4t
3.2}
3.0
2.8}
2.6 |
2.4t
2.2

2.0 1 1 1 1 1 1 1 1 1
1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

FAYFH/10-9 m 2

K5 S X AR s G HIXEE SR L (a) ZEXTIRAHIARCR; (b) AL a2 m R R

Fig. 5. Comparison of the influence of intersecting interference and node lifetime: (a) influence of intersecting

interference; (b) influence of node lifetime.

5 (a) 1, CAGLO B3 F (0745 P4 F 4t
FAE TR AT AN, 3 Tk 4 15
FEUNOTAR. B 5 (b) AT, 764 Ay RIS
i, CAGLO B F (074 s P T4k . 1% 2
T REAE (3 A R R R, CAGLO Bkt 8 7 4
BB SUTHL R S A0, B0 F 2 Tk
B4 4 B % A o BN 3 A 4 TSR AN £
i, TGS ST A A i BN 0 KT 3,
W AR, T GBOA 175 577 76 % X k2
I N T U K OB B2, X R SRS RE S
#. Bk, CAGLO BriskAt by 1528035 5 I 2 it

5.4 KL aEA

FEM S P B (S T 1 KB RE, T
8 A A /NI s AR A, BRI O 4% 2E i .
PRAE B FLRR T BB BRI H W, BB K
WA 248 25 iy B ol 90 4% 1 15 T AR I TR0 45 BRAE. 7F
ARSI, 5 TP E AR LR TS R 1 K
28 E A AT B, %2 CAGLO 5 GBCA 8% T sk

B B4 X £ A i 1.

I 6 o] AL LERI 2 I A S TR 3 AR
RBP4 A 4 118 305.55, CAGLO H Lk T 1)
A= fr 8 233.49, H GBCA B9k T (1) 124.41 53T
FRAECIRZS. BT CAGLO Bk 5 i 78 1% (5 e i
IR BE 5 22 R A /N SR R {50,
T ASE A AP0 A i /N IR 5 5C2E T 23 G 310 7
518 FRARUNOTIE, A R H 2K 2% A iy 1],

600
500

HAH ﬁﬁ
e

300

[z i 91 /%

200

100

0

GBCA

CAGLO
ik

6 P2 A fr IRt EL

Fig. 6. Comparison of network lifetime.
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PO HAR W 2% A dr ). B 6 BiE 1 CAGLO Sk RE
54 AL N 2% 2 i 3.

5.5 UTELH

LRI SO BEAE — B R B RO T Rk
IS A B, USSR B R, SR AR B (1 BEFEER /)N,
57 2% FE AR AR T R /N, AR S A 0 07 4 A T F
R, T (a) AT S TERCY 5, B 7 (b) Y
mECH 110.

16 ;

14} (@ ——GBCA

—=— CAGLO

2 12
= 10
?ﬁ
¥ 8 ]
&
X 6 ]
&
® 4

2

0 L L L L L

50 60 70 80 90 100 110

A
16 T T
1t (® —~+ GBCA
-+ CAGLO

w 12 )
= 10 :
% 8 .
&
= 6 |
&
= 4

2

0 .

4 5 6 7 8 9 10

%/ A

B 7 S AR 2 O [R] I 1 0025 WA Sk 2 X b
(a) 9 RECA FIN U SR B (b) AR TEHOAS R i sk
LIE3

Fig. 7. Comparison of convergence speeds with differ-
ent node numbers and channel numbers: (a) conver-
gence rounds with different node numbers; (b) conver-

gence rounds with different channel numbers.

FEE T (a) 1, 1 m AU 2 S I
MR 2, it L CAGLO 5 GBCA 5% 1 i 8k
R EJHES, S A A BURIE . e
K7 (b)h, BB AT S E G, CAGLO 5
GBCA FIE RIS S 2 NS, X2 H v
2 (1] B A5 T8 AT DAY AR BRIERAS TP /N )
i, ATIERRE. BT, AR
ARG a2 T R E EH I N, CAGLO 5k
SR B 244K T GBCA Bk, iX R H] CAGLO
FFAMSEIL T GBCA B, S HEEAAH BN
REFERI AL,

6 & W

N TN AT, ORI BERER . A W10
U AL, AR SCE BRI M 2540 IME B AN i 5 B
R R B B Y AT T B T A A i 3
Hx, BB AR o, S TR mi A a5 2
Hory i 7 FE 2 e 2R CABG, Bk 2 Hrf
R Tz R — NI gE R NE fif. 2T
CABG #A, ALt 1 — M Ak ki 28 4= i 1 045
B BCSE CAGLO, SRR XTI HAE
i B T R BT PN E, 7k B AR AE
Fo FEAAT AR AT I ROCR, Al 1 k28 28 i
1. RS HTIE B CAGLO Sk i 28 nl L8k B NE.
R, (RS REH, 2SR B R PiTItE
A TE

SE 30k
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Channel allocation game algorithm based on lifetime
model in wireless sensor network™

Hao Xiao-Chen' Yao Ning Ru Xiao-Yue Liu Wei-Jing Xin Min-Jie

(School of Electrical Engineering, Yanshan University, Qinhuangdao 066004, China)
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Abstract

In wireless sensor network, the lager interference makes the data transmission failed, thus leading to data retrans-
mission of nodes. This situation exacerbates the energy consumption of retransmission. As a result, some nodes will
prematurely fail to work, thus reducing the network lifetime. In order to deal with the above issue, this paper takes full
advantage of the topology and route information to design a novel load model of nodes. Then, a lifetime model of each
node is constructed based on the load model. Subsequently, the path gain, intersecting interference and node lifetime
are integrated into a utility function to construct a channel allocation game model called channel allocation based-game
(CABG) by taking advantage of the game theory. The theoretical analysis proves the existence of the Nash Equilibrium
of CABG. And then, using the best response dynamics, a channel allocation game algorithm for anti-interference and
lifetime optimization (CAGLO) is established based on CABG. This algorithm CAGLO makes nodes avoid selecting
the same channel as the large intersecting interference nodes and shorter-lifetime nodes in the process of channel selec-
tion, thus realizing the channel selection with less interference, less and balanced energy consumption. The theoretical
analysis and simulation results show that the algorithm CAGLO could converge to the Nash Equilibrium with a good
convergence speed finally. And the algorithm CAGLO has less message complexity. As a result, the algorithm itself has
less energy consumption of communication. At the same time, it has good characteristics of anti-interference, energy
consumption equilibrium and channel equalization. The algorithm CAGLO proved in this paper prolongs the network

lifetime effectively.

Keywords: wireless sensor network, channel allocation, lifetime model, game theory
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