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Abstract: An energy balancing routing model and its solution algorithm in wireless sensor networks are proposed
in this paper, taking all the following factors into consideration: link access, packet transmission energy
consumption and the remaining energy in the nodes. Its objective is to balance the energy consumption and
maximize the network lifetime. Firstly, a distributed dynamic routing tree building algorithm and a routing selection
function of two neighbor nodes are proposed with the cross-layer method, which satisfied the nodes’ computing
capabilities. Secondly, a bi-level programming model and its algorithm are presented to make the energy
consumption of the network tend to equilibrium and maximize the network lifetime. A numerical example illustrates
the validation of the proposed routing policy and the bi-level programming model.
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Step 3. JEIE AR V=V, — Y v(xE) G T AU RO S I AR V] = min(V V) AR SRR B

aeB
JE PRy de /I, Ol N2 RIS (U) 158 5 B ) A T W W W,
Step 4. ﬁﬂ% Z[(\N1ak+1 _Wlak)z + (Wzak+1 _Wzak)z + (Waakﬂ _W3ak)2] < £, J”JJ@JJ:,?U‘JJ,/V"\ k=k+l,%§€ 2 5}[‘2}3,5

A IEACHS L.
3 HEHR

AT G A RV UE T TAT B PR U R ASE R AT ] /N 2 o 5% 0 5481 E AT BB 2 A M s a1 1 o, 3G
o B SRR AU KO RSNk T R 1Y R AT SO kY LR 2 b T RO SR T R & A
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Fig.1 Sample network
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Table 2 Parameters used in the numerical example

R2 BAESEHIITE SRS

Parameter Value Parameter Value
Eele 3.63uJ/bit a 16bit
Erx 11.13J/bit P 16bit
Tamp 0.2 B 10—1.882

y 2 n 6400bit
I 34byte p 3x107*
R 20m NAV 10
Ebusy 0-5Esuccess N 20
Vmax 10 Emax 1.2609x10*ud/bit
Dmax 4 Dynamic tree building cycle 20s
Periodic change weights of routing by Sink 2 hour

lj] /L\\It(zl),% ){—1 K-I Hg'fgiﬁﬁinJ H@M'%ipsuccess&$"fjﬁz%@#EEﬁ%%ECSMAELﬁ 3,$‘/ﬁ‘l—4“\]/blt
Table 3 Probabilities of successful transmission in the sensor nodes
T3 AN AR T R R

Node K Node B Node C Node D Node E
0.80, 1.1071x10*  0.72, 1.1755x10*  0.80, 1.1071x10*  0.72, 1.1755x10*  0.64, 1.2609x10"

Node F Node G Node H Node |
0.72,1.1755x10*  0.72,1.1755x10*  0.80, 1.1071x10* )

Xt T U1 P L IS 0 A T I 4%, A e I 4% 1 A T 0 A A K R 3E P 2 8x LO3AN I 0l B R 4
KA R B SinkcT s SR AR (L) 7T LASS 20 1 S kA i 2t &= LR 4.
Table 4 Flow distribution of all the links in the network
T4 GRS R A

Arc name K-B B-E E-F F-H K-C C-F D-G G-l B-D D-E E-G H-1
Packets 4 625 1987 0 3375 3375 3375 1318 4 625 2638 1320 1987 3375

N EE MR AR T UGEAUG, BRI B 2O N R E T S I RERE R i A% ey 5 0T e
T R R R e A U, LR 5.
Table 5 Re-Setting weight coefficients for routing selection function
F 5 HUFTIROE I B R ek BB R AL

Arc name W A A Arc name W2 A A
K-B 0.10000 0.62856 0.27144 K-C 0.10000 0.62856 0.27144

B-E 0.10000 0.51456 0.38544 C-F 0.10000 0.46558 0.434 42
E-F 0.10000 0.46558 0.434 42 D-G 0.10000 0.51456 0.38544
F-H 0.10000 0.46558 0.434 42 G-l 0.10000 0.51456 0.38544
B-D 0.10000 0.51456 0.38544 E-G 0.10000 0.51456 0.38544
D-E 0.10000 0.436 70  0.463 30 H-1 0.10000 0.45788 0.44212

AT R U A ST R ST 00 R AR ) ERE S8 47 s b S 2 wT AT O HAT R A SOt T A%
AR TR ECHE B 00 0 REAE X2 M 2 e B 1 JR R 5 1 R RU(G H) UL 2 J2 75 k(DL E,F)#EAT T REFELY
2 AR (N 2 BT ).

VAR = Z (s —Emin) — Z (B, —Enin) (18)

aeC beC
N8 T A1 oy Ay ey AT IR A I IR T ) LSk (B /) REFE I 1h SR o N R B (L) % e 3
R BEFEI BT RERE, > (E, — Epyp) (R0 0H S5 SROBOR, 22 WE REAE IR AN 247 PE ARS8, 45 1K) D (B, — Eyiy) W0 XUZ KA

aeC beC

RIBIRL (PR R FES BRI, HLZE L A MBS SR AH R 7E D (B, — Epyyy) SR TH SRA C AT HLER RS — 215 0

aeC

Y 5 1 T2 A A (G H). Bl 02— 1 R R B U0 200215 A4 4 OO BG40
A HEL.
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5 5
7 x10° ‘ 8 x10
s —e—0nly consider energy consumption /T s —=—0nly consider energy consumption |
S 6 —9—Only consider low-level model =1 7 [—e—Only consider low-level model
E .l S 6|
2 5 2
3 S 5|
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& c 4
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Fig.2 Differences in energy balance among minimum energy transmission strategy, low level
transmission model (L) and the bi-level programming model (P)
B2 B REFBALAmERNG . N RBIR (L) SORE MU L (P) ) REFE4 1 22 57 1k

FH 2 AT g, 2 3R H B BEAE U7 NREAT il AR 4 e, B T BT REFE AT R T B8 0, & 2T SRR R IR AN T4 4
G 38 BRI 265G BRT R R I O 48 R 00 9% i i (T e TV T B ). T 24 AR FH AR SCHR R JE R R (L) 12 AT £
P AL I A2 L AR AT A & 200 R BEREAN S 1 (E et T B e P e B i e A IR R 2P
P4y BE FE 1 R RE. AR SCHIT AR HY A8 T X002 BRI D7 2 R E SRS by sink 5 42 R 9 45 A ) I REFE I
6 H SR A 1T 5 B AT SE A i BRI M R, M S TR 9 3 T K

A

FELRE 5 T R BR B N BAR T RERE . 9 RUR R BE R 1 RE Al ACSCHR H T ol A S 0 246 1 0 RE FE S
1l it v SR ARSI R SR AR S, ) A R KA 0 46 72 iy At A 3 — S XU RIS, A Sk 1 a5 7T LU YT b e AL
A % B 1 SR O & SR AR SRR X2 R RIS 2R o 1) 2 B RBEALL T 199 % mp % Y R AR 4 E B el SRS TR
(¥ 2 $EAT O R R TY WUAE JRASE IR (10 R it L e D0 U8 8 % 700 R ) B 32 % R OB D30 A B R AR v 5
I R TR R B AT A TR I 6 P R R E R 1) 22 A, ST R b S K ) 4 A iy G A TR A B
17 10 W4 L (1 6 FR OB 3 SRS U MRS Y R SR A B30 i A7 0 LA R4

FEHE— 20 I AR AT R 2 AR 2L 40 20 20 M (1) A3 AR SCAE Y AR 2 SCRR S (BOE Fi it v s
2R e e Y (LS A S o T e, 22 o il P DRI, Pl il P TS PR B A — AN DA PR A it 26.(2) A STy it
(RIS UL 0 2% A% A (1) BEAR B AN % 08 T e 2 AR RE G, EL N T B 4 N REAFE I 0 A A2 5 T B, O T REFE 1)
TR AR AT D v SR A 1), T RE L SR — AR 22 A A 4K AT R FRATTRE S — AN RERERCIENLHL B f& Sink Y
RVHEAT (A RERE T SN AER.(3) Sink 1 s (10 v S A A I 26 B P 38 K T S S 48 I AE 4 I 9 AR R ZRATTRE
Pyt — LA 2 ST A AR DL T AT B R R AR AN 52 2% 14 4 Jr) B I A 23

gt AEot IRATT i 44w R R L AR A R AR IR
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resources strategy in e-commerce enterprise. (2) E-Government: System and architecture of e-Government, the e-Voting issue and
e-Democracy, Measuring e-Government/Economics, Policies of e-government, Legal, agency, trust and governance issues in
e-Government, Applications, Case study and Challenges of e-Government. (3) Engineering Management, Service Management &
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Content distribution in wireless home environment, Personal/Local/Metropolitan/Wide area networking, Peer-to-peer computing and
mobile computing, Cognitive radio and sensor-based applications, Multimedia delivery over wired/wireless networks, AAA,
application-oriented network management, Security and Privacy in wired/wireless networks, VPN Technology and Services, Information
hiding and watermarking.
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