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Abstract:  Wireless sensor networks are characterized by centralized data gathering, multi-hop communication and
many-to-one traffic pattern. These three characteristics may give rise to funneling effects that can lead to severe
packet collision, network congestion, packet loss and even congestion collapse. This can also result in hotspots of
energy consumption that may cause premature death of sensor nodes and even premature death of entire network.
Load-Balancing techniques can effectively avoid the occurrence of funneling effects. Based on the static data
gathering wireless sensor networks and motivated by the idea of supply and demand network, a distributed
algorithm is proposed in this paper to organize the sensor node into a balanced deal network that can balance the
load of nodes. The network structure constructed by this approach is not a load-balancing tree, but a load-balancing
network. Experimental results validate the effectiveness of this approach.
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product 1,product
: moneyTotal  moneyAccept 0,moneyTotal  moneyAccept
, register . register
, go . register

, money ) My
n .Cn ) n C  M=n/Cy M, L(n/cy))

u :moneyList  dealList.moneyList u , deallist
u . u \% money s 4

void HandleMoneyM sg(TWSNMsg msg)
{
int v=msg.sender|D;
if (vinPL) or ((vin SL) and (msg.isReturn==False) {
if (msg.upperBound<=moneyTotal) {
send all money back tov;
return;
}
if (msg.upper Bound—moneyTotal—-msg.value)<0 {
send excessive money back to v;
add a money record into moneyList;
}
else
add a money record into moneyList;
if product==1 {
product=0;
send deal message to v;
add adeal record into dealList;
}
return;
}
if (vin CL) or ((vin SL) and (msg.isReturn==True) {
set isFull of record v as True;
if (moneyAccept>0) and (ifFull field of some children or siblings==False)
distribute the money to children and siblings;
else{
send the money back to parents or siblings;
delete the corresponding record from moneyList;

Fig.4 Handling of the money message
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deal

{

v=FindNode(msg.senderD);
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5
void HandleDeal M sg(TWSNM sg msg)

v.productFrom++;
if (this!l=BS) {

Fig.5 Handling of the deal message

u PLCL

rec=Find the oldest money record;
node=FindNode(rec.nodel D);

send a deal message to node;
node.productTo=node.productTo+1;

deal

S

u

{erMZ!"'va}v u

A 8 40%

B 5 25%

C735%

Fig.6 Thefinal result of algorithm

1116
y u
money
u \%
6 ,
{N11N21~~-1Nm}
— Mi
T m
LM,
=1
money y
v O(ED.
23

6

money

Vol.18, No.5, May 2007

money
upperBound

© e

http:/ www. jos. org. cn



[21]
; ' count
) money
money , . ) money deal
7 EY
()
L TT N e (L e $n
y 1-3'~ =T o T iy o 4T
! I._Iq,| i ” :1" i --.- i ; 4 i,
'l""l'rli:'-"'__:-t-ii Ty
i <€A A Y By i)
e o ey o L D s
:|- = 1-;:-. T"' b o f a - :"' N
®, : a-:'_.. ) = Lw Ly - ", '1__ s ail F -
.- 4 . o ..-'_\1' ¥ t . o 3 L Y
s Tl i " i dug
(@ (b)
Fig.7 Load-Balancing network of a hierarchical sensor network
7
3
VC++ . 8(a) ) 200 ,
300x300m? : 50m, 507,
2x107°3,2x107°)  1x107%).  8(b) 8(c)
1 ) )
4 .(1) MESA (most energy saving approach). ,
2 SLBT(static load-balancing tree), ,

SLBT [17] ,

© PEEREBEAD

1117

[22,23]

.3)

http:/ www. jos. org. cn



1118 Journal of Software Vol.18, No.5, May 2007

DLBT(dynamic load-balancing tree),

DLBT [18] , , ,
. oad-balancing network).
(4) LBN(load-balanci k)
i '1|_.-. ""'-l.l_\.:::E iy i B ___'I:I.._Il:."l . .I L
5 g ____::..-.:f’.__ Pifas o -?ﬁ..- .‘-x AR ":.
e s - ¥l "-'l-."-lﬂﬂ .\_i;-l-\.' _,1“ i :1' ] { r-ILL"! X
ga gt tae e et g iy e - e N
el 4l P S Ty [ B s demr R |
- ) L - p _-\.;‘-'.. &1 -1 T
: e % 41 B g .}..J et
. s ; # g T '_n:.-.:!:r' "-I:‘l" i '.-ri-' i 11 ] 1
& ; : & i 5 of .3::'.- .'_-'. __:’Jl:'._?'iﬂ- ...._'_ ':I I:: s h"n_h",;' ﬂ..:';“'j_l
e 5 A . gy T e STy AT R b
(3 (b) (©
Fig.8 Sensor networks used in the experiments
8
, 20 ;
6 :10,20,30,40,50,60 . , 20
9 10 .9 4
) ;LBN
.10 4
) ,  LBN
4 . MESA
SLBT ,
,SLBT MESA ,SLBT ,
,DLBT SLBT , ,
, LBN ,
DLBT ) ,
s0f ' : \ ' - oo ' ' ' ' ' ]
. --=-MESA P g% 16 . - = -MESA
€ 250 *SLBT et {1 g8 e SLBT
o ---a--DLBT g == 120 ---a--DLBT
£ 200 -y~ LBN 4 4 ©% N - LBN
E AT ° % =
= 150 o . 1 %§ 8
5 T 8 E
2 100 A 1 o8
g s g4
50 R g S
0 <
Sampling timeinterval (s) Sampling time interval (s)
Fig.9 Lifetime of WSNsthat BS locate at the Fig.10 Traffic of WSNsthat BS locate at the

network area border network area border

© PEEREBEAD

http:/ www. jos. org. cn



11 12
,LBN
900 L T T T T T i
_ 800F |-=-"MESA
= [ |--e--SLBT L
g 700 e DLBT /./ .
= 600 |__w-LBN LT e
= 500 -
X 400t
S 300}
g 200+
100+
0
Sampling time interval (s)
Fig.11 Lifetime of WSNsthat BS locate at the
network area center
11

1119

4

% %\ 6 ; T T T T T
2x 51 - -MESA|
28 AN --e--SLBT
-5 4F \ woae-DLBT i
;E \ —-y~LBN
S e 3fF i
‘® >
®g E
o' 2+ 4
o &
2E
< 1 .
Z's

0

Sampling timeinterval (s)
Fig.12 Traffic of WSNsthat BS locate at the
network area center

12

© PEEREBEAD

http:/ www. jos. org. cn



1120 Journal of Software Vol.18, No.5, May 2007

References:

[1] Akyildiz IF, Su W, Sankarasubramaniam Y, Cayirci E. Wireless sensor networks: A survey. Computer Networks, 2002,38(4):
393-422.

[2] Li Jz, Li JB, Shi SF. Concepts, issues and advance of sensor networks and data management of sensor networks. Journa of
Software, 2003,14(10):1717-1727 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/14/1717.htm

[3] Cui L, Ju HL, Miao Y, Li TP, Liu W, Zhao Z. Overview of wireless sensor networks. Journal of Computer Research and
Development, 2005,42(1):163-174 (in Chinese with English abstract).

[4] Ren FY, Huang HN, Lin C. Wireless sensor networks. Journal of Software, 2003,14(7):1282-1291 (in Chinese with English
abstract). http://www.jos.org.cn/1000-9825/14/1282.htm

[5] SunLM,LiJz, ChenY, Zhu HS. Wireless Sensor Networks. Beijing: Tsinghua University Press, 2005. 9-14 (in Chinese).

[6] Lindsey S, Raghavendra C, Sivalingam K. Data gathering in sensor networks using the energy-delay metric. IEEE Trans. on
Parallel and Distributive Systems, Special Issue on Mobile Computing, 2002,13(9):924-935.

[7] Hull B, Jamieson K, Balakrishnan H. Mitigating congestion in wireless sensor networks. In: Stankovic JA, Arora A, Govindan R,
eds. Proc. of the 2nd ACM Conf. on Embedded Networked Sensor Systems (SenSys). Baltimore: ACM Press, 2004. 134-147.

[8] Ee CT, Bacsy R. Congestion control and fairness for many-to-one routing in sensor networks. In: Stankovic JA, Arora A,
Govindan R, eds. Proc. of the 2nd ACM Conf. on Embedded Networked Sensor Systems (SenSys). Baltimore: ACM Press, 2004.
148-161.

[9] Wan CY, Eisenman SE, Campbell AT, Crowcroft J. Siphon: Overload traffic management using multi-radio virtual sinks. In: Redi
J, Balakrishnan H, Zhao F, eds. Proc. of the 3rd ACM Conf. on Embedded Networked Sensor Systems (SenSys). San Diego: ACM
Press, 2005. 116-129.

[10] Petrovic D, Shah RC, Ramchandran K, Rabaey J. Data funnelling: Routing with aggregation and compression for wireless sensor
networks. In: Akyildiz F, Li Y, Svakumar R, eds. Proc. of the 1st IEEE Int'l Workshop on Sensor Network Protocols and
Applications. Piscataway: |EEE Press, 2003. 156-162.

[11] shrivastava N, Buragohain C, Agrawat D, Suri S. Medians and beyond: New aggregation techniques for sensor networks. In:
Stankovic JA, Arora A, Govindan R, eds. Proc. of the 2nd ACM Conf. on Embedded Networked Sensor Systems (SenSys).
Baltimore: ACM Press, 2004. 239-249.

[12] Shah RC, Rabaey JM. Energy aware routing for low energy ad hoc sensor networks. In: Proc. of the 3rd IEEE Wireless
Communications and Networking Conf. (WCNC). Orlando: |EEE Press, 2002. 151-165. http://bwrc.eecs.berkeley.edu/
Publi cations/2002/presentations/WCNC2002/wcnc.rahul . pdf

[13] Perillo M, Zhao C, Heinzelman W. On the problem of unbalanced load distribution in wireless sensor networks. In: Regency H, ed.
Proc. of the IEEE GLOBECOM Workshops on Wireless Ad Hoc and Sensor Networks. Dallas: |EEE Press, 2004. 74-79.

[14] Gao J, Zhang L. Load balanced short path routing in wireless networks. In: Proc. of the 20th Annua Joint Conf. of the IEEE
Computer and Communications Societies (INFOCOM). Hong Kong: |EEE Press, 2004. 1098-1107. http://www.ieee-infocom.org/
2004/papers/23_2.pdf

[15] Gupta G, Younis M. Performance evaluation of load-balanced clustering of wireless sensor networks. In: Proc. of the 10th Int’|
Conf. on Telecommunications (ICT). |IEEE Press, 2003. 1577-1583. http://www.csee.umbc.edu/~younis/Publications/|CT2003/
Gupta_Younis_ICT2003_Final.pdf

[16] Hsiao PH, Hwang A, Kung HT, Vlah D. Load-Balancing routing for wireless access networks. In: Bauer F, Cavendish D, eds. Proc.
of the 20th Annual Joint Conf. of the IEEE Computer and Communications Societies (INFOCOM). Anchorage: | EEE Press, 2001.
986-995.

[17] Da H, Han R. A node-centric load balancing algorithm for wireless sensor networks. In: Proc. of the Global Telecommunications
Conf. (GLOBECOM). San Francisco: |EEE Press, 2003. 548-552. http://mantis.cs.col orado.edu/media/l oadbal ance.pdf

[18] Yang H, Ye F, Sikdar B. A dynamic query-tree energy balancing protocol for sensor networks. In: Proc. of the IEEE Wireless
Communications and Networking Conf. (WCNC). Atlanta: IEEE Press, 2004. 1715-1720. http://networks.ecse.rpi.edu/
%7Ebsikdar/papers/wenc04.pdf

© rhiEBRER

HOFIFFIT hetps/ www. jos. org. cn




1121

[19] Kakiuchi H. Dynamic load balancing in sensor networks. Technical Report, Stanford University, 2004. http://dbpubs.stanford.edu:
8090/pub/2004-30

[20] Yan TX, Bi YZ, Sun LM, Zhu HS. Probability based dynamic load-balancing tree algorithm for wireless sensor networks. In: Lu
XC, Zhao W, eds. Proc. of the Int'l Conf. on Computer Network and Mobile Computing 2005. Berlin: Springer-Verlag, 2005.
682-691.

[21] Zhao F, Guibas L. Wireless Sensor Networks: An Information Processing Approach. Boston: Elsevier-Morgan Kaufmann
Publishers, 2004.

[22] Younis O, Fahmy S, HEED: A hybrid, energy-efficient, distributed clustering approach for ad-hoc sensor networks. |EEE Trans. on
Mobile Computing, 2004,3(4):366—379.

[23] YeM, Li CF, Chen GH, Wu J. EECS: An energy efficient clustering scheme in wireless sensor networks. In: Dahlberg T, Oliver R,
Sen A, Xue GL, eds. Proc. of the IEEE Int’'| Performance Computing and Communications Conf. New York: IEEE Press, 2005.
535-540.

[2] ) ) . . ,2003,14(10):1717-1727. http://www.jos.
org.cn/1000-9825/14/1717.htm

[3] ' . . g N . ,2005,42(1):163-174

[4] , , 1 \ ,2003,14(7):1282-1291. http://www.jos.org.cn/1000-9825/14/1282.htm

[5] , ] ) 3 . : ,2005.9-14.

2974 ), , , , (1954 ), , , ,

(1965 ), . .,
,CCF

LRSI httpy/ www. jos. org. cn



	网络模型与方法预览
	网络模型
	方法预览

	算  法
	平面型传感器网络算法
	构建负载平衡网络
	有等级网络的负载平衡网络构建算法

	实验结果
	讨  论
	结束语

