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Saving energy and prolonging network lifetime are key issues of wireless sensor networks. Based on shortest path

tree,ratio weight (RatiocW) and sum weight (Sum-W) routing agorithms are proposed ,in which both remaining energy of nodes

and energy consumption for delivering packets on wireless links are considered. Simulation exhibits the Ratio- W and the SunrW can

prolong network lifetime and make energy consumed efficiently and efectively. In addition,the propased agorithms outperform

some well-known routing a gorithms in terms of network lifetime and energy consumption.

Key words:

:2008-06-23;

:2008-09-09
(No. 60873228 ,No. 60673177) ;

[

wireless sensor network ; routing; network lifetime; energy saving

( ) (2]
[2,3] ) [4] ,
.Aooding!®®  Gsdping'®

LEACH!"] ,

[8] , ,

[9]
[10]
’ (MsT,

Minimum Sanning Tree) —PEDAP

PEDAP PA.

(No. 2007R10G2020022)



1042 2009
firg order radio [ k
( .
Er( k) = KEye (D
k
Er(k, d) = KEse + KEarpd 2
, Bae ; Eamp
d - d
Y
) . [2,4] 1 2 :
(Ratio- i k :
W (). G (K, d) = E(K) + Er(K,0) = k(2 Eu + Euth)
2 (3
Snk ( 3
) ( ) J. ;
:él)kSnk B i 2
: ! . i j (i)
_ ( i NG i
):(3) Snk G(V, B v
:(4) Snk £
Snk. 3) G.)
( )
E1 RN E B2 B/hZigm B3 BAEREW
LET, G(V, B LET
[2,3]_
9nk, . 1
1 9nk
G(V, B ) 2
( (3)) 3 : 2,3, ,6
G(V, B 2 9nk
Sink ( PEDAP (101y 1, (5+1) +1+(2+4+1) +(3+5+1) + (4
, LET(Least Energy Tree) +1) =28; 3 (LET)
(2 LET ). LET 6+1+5+(6+1) + (4
(3) +1) =24.
Dijksgtra G(V, B) snk ,LLET



1043

5
REP  9nk ,REP : Re(i)
k( ). 9nk
(3) REP , Ratio-W ( umw ),
, LET (
¢ (Ratio-W) (umw) ).
: ( ) .9nk
m(l) i s Wij
(i,j) Ratio- W , .
_1 |°® 2 (1) ,9nk
wy = [ Gy (k, dy) ]"[ : ] (4) ’
j j j Re(i) ’ 9k
o B : Re(i) k :
;o UMW : (4) (5) , Retio-W ImW
_ 1
A 0O A+0 =1, 5
e': o a=1p=0C A RaticW SumW
=10=0) ,ReicW ( smw ) LET  bepap PEDAP-PA LET
RatioW  SumrW Dijkdra
(12] . ’ : ’
( ) ' [11] ! Eaee =50 (N)/ hit) , Earp = 100
T={s},L=V-{¢g .

(P bit/ nf) )y =2, 200m,
forech v L 10000 ank Mb
{if (v,s) E,then ' '

1000 x 1000nT
{p(v) =s, Dpath(V) =W, s}
de %0 '
PEDAP PEDAPPA LET RaicW SumW
{p(v) = -1, Dgan(Vv) = o0}
| , . :
D while Lz 0 et oyt Sk - (ZGE’Daa
{find Vo L such thet Dymn(vo) =in{ Dyun(V)} gathering cycie, n
T=T {w}.L=L-{w} -
foreach u N(vp) /(I'DCIZ N ) : -
if Dparn (Vo) + Wiy, < Dyaan( U) ,then Snk’ / (D
{ Dpan (1) = Dpan (Vo) + Wy, p(U) = o} ; * ).
} 4 . ,
4 (5 : i Re(i) 4 (5 a=18=1 A=0010
, i ::g —o— Ratio-W
. i —— LET
Dijksra : ( 10} —a— PEDAP-PA
—3nk ) ’ ) 100w
90g
: °°%b
70+
HE F
4 z 50
e |
RatioW  SumrwW , Snk ol {
. 9nk , (flooding) 25 30 3% 20 5 50
Number of nodes

REQ,
REQ :

B4 g 477 M LB



1044 2009
=0.99. 4 ,Ratioc W (baC 6 , UMW RaticW
) , Sum'W PEDAP- PA , , PEDAP PEDAPPA ; LET ,umW
PEDAP LET. 5 ,LET ,Rar ,  RdaticoW LET
tioow  SImw ,PEDAP  PEDAPPA
8 9 120
—o— Ratio-W —o— Ratio-W
H " Feoaraa g .
e 3
g T —+— Sum-W H B
6.5 | —o— PEDAP k) g 90
g 6} % 13 % 80
Es.sq 5 5 = 70
. ¥
o 5 +* b 60
g .g_rj’_—‘—_”__‘/‘—“/4 g 4 %:ﬁ 5 50
<, W Z 3 40
3530 3 20 s 0 25 30 3% w4 Y — 3% YT )
Number of nodes Number of nodes Number of nodes
B5 AEREMHE Bo B FE(BRE0 M B7 ot P4 47 15 R) B
Raiow  SumWw , a<1 |
. , Ratio-W. B=1, a=1, ,a ( «a 1),
a=1,3,5,7,9, 7 8. 3 , ( )
a ) (b ) ).

( 7, ( 8. (1) az=1 a=1, B <1, B =0.1,03,0.5,
, a , (4 0.7,0.9, 9 10. : ,
, (4) B 1, (9,

, ;(2DCC , ( 10 B=1 B ,
DCC . 7 8 , a , ( ).
6 48
58} 47
g 56 g
g 54 % g 8
§ 52} g § 45
E 5} 5 B 44
48} ; f E 43
& 468 °
g 44F 5 g 4
42 or < 4
4 L L L L 40 1 S L L 1 4 1 ol 1 1
2% 30 3% 20 e 50 25 30 35 40 5 50 25 30 35 20 a5 50
Number of nodes Number of nodes Number of nodes
B8 oxfRBEEME W B9 pxi M &k A4 77 0 R B L B0 priRERERIEW
% , a f 1; ,
o a 18 0. amw
g o (5) :
3 sof A+d=1, A
g 40
§ or 25, A 0.01,0.02, ,0.2, 11
2 or 12. CA ,
10}
( 11),
05-70.02.0.04 0.08 0.08 0.1 0.12 0.1 0.16.0.18 0.2 ( 12). ’ mw ’
cofficient A
BI1L AR R4 7R R R , A ( o )
,  Ratiow , , ( 1 )



1045

Average energy cost per node

0 0.020.04 0.06 0.08 0.1 0.12 0.14 0.160.18 0.2
cofficient A

12 AxtRERERTREW

RaticW  SumrW ,

[1] Tubaishat M, Madria S. Sensor networks: An overview [J].
| EEE Potentids,2003,22(2) :20 - 23.

[2] Wang J,Howitt |. Optimal traffic distribution in minimum ener-

gy wireless sensor networks[ A]. 2005 |IEEE Globa Telecom-

munications Corference [ C]. Washington DC, USA : |IEEE

Communications Society ,2005. 3274 - 3278.

Liang W ,Liu Y. Online data gathering for maximizing network

lifetime in sensor networks[J]. |IEEE Transactions on Mobile

Computing ,2007,6(1) :2- 11.

Cheng Z, Perillo M ,Heinzelman W B. Genera network lifetime

and cost models for evaluating sensor network deployment

strategies[J] . |EEE Trans. on Mobile Computing,2008,7 (4) :

484 - 497.

[5] Hedetniemi S,Liestman A. A survey o gossiping and broad-
casting in communication networks [J]. Networks, 1998, 18
(4) :319 - 349.

[6] Haas Z J, HapernJ Y,Li L. Gossip-based Ad hoc Routing

[A]. Proc. o the IEEE INFOCOM [ C]. New York: |EEE

Communications Society ,2002. 1707 - 1716.

Heinzelman W, Chandrakasan A ,Balakrishnan H. Energy-effi-

cient communication protocol for wireless microsensor networks

[3

—_

[4

—

[7

[

[A]. Proc. of the 33rd Annua Hawaii International Conference
on Systems Science[ C]. Washington DC,USA : | EEE Comput-
er Society ,2000. 3005 - 3014.

[8] Chang J H, Tassiulas L. Maximum lifetime routing in wireless
sensor networks[J]. |[EEE/ ACM Trans. on Networking,2004,
12(4) :609 - 619.

[9] Zhang Q, Xie Z P,Ling B,Sun W W,Shi B L. A maximum
lifetime data gathering algorithm for wireless sensor networks
[J]1.Journal of Software,2005,16(11) :1946 - 1957.

[10] Tan H O, Korpeoglu |. Power eficient data gathering and ag-
gregation in wireless sensor networks [J]. ACM SIGMOD
Record,2003,32(4) :66 - 71.

[11] Heinzelman W B ,Chandrakasan A P,Baakrishnan H. An gp-
plication-specific protocal architecture for wireless microsensor
networks[J]. | EEE Trans. Wireless Commu,2002,1(4) :660
- 670.

[12] Zhu Y-H,Wu W,Leung V C M, Yang L. Energy-eficient
tree-based message ferrying routing schemes for wireless sen-
sor networks[ A ]. ChinaCom 2008[ C]. Hangzhou, Zhgiang,
China,Aug. 25 - 28,2008.

,1961 ) ) ) ,
|IEEE

|EEE Transactions on Wirdess Gommunications  |EEE Gommunications
Letters  |EEE Transactionson Vehicuar Techrology — Journd of Gonputer
Stience and Techrology |IEEE
100
Emad :yhzhu @gut. edu. cn

,1983 ) )

,1983

,1982 ) )

,1958 ) ) )

70 , 0



