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Abstract: The traditional data centric storage method has a serious problem named hotspot problem, which
appears near the sink and home node. Hotspot problem causes the nodes near the hotspot consume much more
energy than other nodes, which seriously shortens the lifetime of the sensor networks. In this paper, a method
distributing multiple sink nodes around the sensor networks is proposed to solve the hotspot problem around the
sink. A load balance data storage method based on ring and a query processing algorithm for such a kind of data
storage method are proposed to solve the hotspot problem around the home node. First, the ring based load balance
data storage method divides the sensor networks into a lot of rings and stores data among all nodes within a ring.
Second, different rings alternatively work during the working time of the network, which avoids the hotspot
problem further. Finally, the query processing algorithm based on the load balance data storage method makes all
nodes within a ring cooperatively answer the user’s query. Although the ring based load balance data storage
method and the query processing algorithm consume more energy than the traditional method when answering a
user’s query, the method makes all nodes within the network consume energy evenly, which avoids the hotspot
problem of the traditional method, so the lifetime of sensor networks can be extended. Experimental results also
show that the ring based |oad balance data storage method and the query processing algorithm can solve the hotspot
problem and prolong the lifetime of the sensor networks.
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Tablel Symbols used in this paper and their descriptions
1
Notation Description Notation Description Notation Description Notation Description
It Time of data f Event producing f Query t Living time of
being stored © frequency 9 frequency ' theith ring
s Areaof the S Areaof the S Areafrom the (i+1)th S Areafrom the 1st
network ith ring - to thenth ring - to the (i-1)thring
— Average density N Node number r Radio range n Number of rings
P of nodes ' intheithring per node in the network
L Length of L Length of event L Length of E Initial energy
q query packet © data packet ' result packet per node
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Table2 Parameters set in experiments
2
Parameters Values Parameters Values
Sink number of network 40 Ring number in the network 5
Node number of uniform distribution network 316 Node number of random distribution 328
Transmitting power in watts (W) 0.66 Receiving power in watts (W) 0.395
Initial energy per nodein joules (J) 0.1 Radio range per node in meters (m) 10
51 )
511
sink , fq
fe .9 f=0.1 /s f=1 /5(1:10),f;=0.2
Is f=1 [5(2:10),f=0.1 /s f~05 /s(1:5) 3 , sink , (8)
10 ,sink

© PEEREBEAD

http:/ www. jos. org. cn



1182

©)

——1:10 —8—2:10 —*—1:5

Living time of ring

Ring number

Fig.9 Livingtime of every ring in theory for global

512

30%,

query when nodes are evenly distributed

9
511
,GHT
511
12

g 5001 [OPessimismOOptimismEGHT
Z 400-
=
5 300F
(]
£ 200t
jo))
£ 100-
<
<} 1 1
=

1:10 2:10 1.5
Query frequency vs. event producing frequency

Fig.11 Living time of different methods for global

query when nodes are evenly distributed
11

(optimism).
513 ,

Journal of Software

Vol.18, No.5, May 2007

1:10 —=—2:10 —= 1.5
160

2 140 W
= 120
© 100

E 80 5 5 5 58
R
2 20

0 L
1 2 3 4 5
Ring number
Fig.10 Living time of every ring in theory for region

home

Working time of network

query when nodes are evenly distributed
10

, GHT (geographic Hash table)®
.sink

1000r
800~

[ PessimismOOptimismE GHT

600+~
400
200r

'

1:10 2:10 1.5
Query frequency vs. event producing frequency

Fig.12 Livingtime of different methods for region

query when nodes are evenly distributed
12

(pessimism),

GHT
home

© rhEEE

http:/ www. jos. org. cn



513
f=0.1 /s f=1 s,
13 14
13 14 )
- —o—Pessimism
350 —H=—Optimism
. 300r —A—GHT
8 o250t
€
S 200f
L 150}
(=]
Z 100}
50+
0 N

004 006 008
Energy consumption of nodes

0.02

0.1

Fig.13 Energy consumption of different methods for
global query when nodes are evenly distributed

13
, GHT ,
, . ,GHT
5.2 )
521
15 16
15(2:10),f:=0.1 /s f=0.5 /s(1:5) 3 ,sink

801
70
60
50
40+
30+
20
10

—o—1:10 —8—2:10 —A—1:5

Living time of ring

Q

1 2 3 4 5
Ring number

Fig.15 Livingtime of every ring in theory for global
query when nodes are randomly distributed
15

1183

GHT 3

0.13, 0.02J 5

3501
300-
250F
200+
150+
100+

50+

—©— Pessimism
—B— Optimism
—A—GHT

Node number

A

004 006 008
Energy consumption of nodes

0.1

0.02

Fig.14 Energy consumption of different methods for
region query when nodes are evenly distributed

14
home , home
, GHT
fq=0.1 /s f<=1 /s(l:lO),fq=0.2 /s f=1
, 41 r
1
140+ 110 —H—2:10 —A—15
2 120+
E 1001
o
g 80+
=1 60;
o E/E\E\E—-—EI
s 4o
— ZO’
O 1 1
1 2 3 4 5
Ring number

Fig.16 Livingtime of every ring in theory for region
guery when nodes are randomly distributed
16

© rhEEE

http:/ www. jos. org. cn



1184 Journal of Software Vol.18, No.5, May 2007

522 ,

GHT ( 17 18 ). )
(optimism) GHT ,

g 350 [OIPessimismOOptimism EHGHT %‘, 700; [MPessimismOOptimismEGHT
= 300- 2 600
© ©
£ 250¢ £ 5001
o 2000 o 400F
£ 150 £ 300f
2 100r D 200f
% 50F X 100f
o
0
= 1:10 2:10 1.5 = 1:10 2:10 15
Query frequency vs. event producing frequency Query frequency vs. event producing frequency

Fig.17 Living time of different methods for global Fig.18 Living time of different methods for region
query when nodes are randomly distributed query when nodes are randomly distributed
17 18

523 ,
f=0.1 /s f=1 s,
GHT . 19 20
0.1J, 0.02J 5 . ,
5.1.3 . ) )
3507 —o—Optimism 3507 —o—Optimism
. 300~ —5—GHT . 300t —B—GHT
—g 250+ —g 250+
2 200- 2 200-
3 3
8 150- S 150r
< 100 Z 00t
50+ 501
0 L = L = L 0 L = =
0.02 0.04 0.06 0.08 0.1 0.02 0.04 0.06 0.08 0.1
Energy consumption of nodes Energy consumption of nodes

Fig.19 Energy consumption of different methodsfor  Fig.20 Energy consumption of different methods for
global query when nodes are randomly distributed region query when nodes are randomly distributed
19 20

© rhEEE

http:/ www. jos. org. cn




References:
Bonnet P, Gehrke JE, Seshadri P. Towards sensor database systems. In: Tan KL, Franklin MJ, Lui JCS, eds. Proc. of the 2nd Int’|

(4

[2

[3

(4

[5]

(6]

(8l

[9

[10]

[11]

[12]

(3l

[11]

1185

Conf. on Mobile Data Management. Hong Kong: Springer-Verlag, 2001. 3-14.

Madden SR, Franklin MJ, Hellerstein JM, Hong W. The design of an acquisitional query processor for sensor networks. In: Halevy
AY, lves ZG, Doan AH, eds. Proc. of the SIGMOD Conf. New York: ACM Press, 2003. 491-502.

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

Scott S, SylviaR, Brad K, Ramesh G, Deborah E. Data-Centric storage in sensornets. ACM SIGCOMM Computer Communication
Review, 2003,33(1):137-142.
Sylvia R, Brad K, Scott S, Deborah E, Ramesh G, Li Y, Fang Y. Data-Centric storage in sensornets with GHT, a geographic hash
table. Mobile Networks and Applications, 2003,8(4):427-442.

Abhishek G, Jens G, John C. Resilient data-centric storage in wireless ad-hoc sensor networks. In: Arkady Z, eds. Proc. of the 4th

Int’l Conf. on Mobile Data Management. London: Springer-Verlag, 2003. 45-62.

Deepak G, Ben G, Denis P, Deborah E, John H. An evauation of multi-resolution storage for sensor networks. In: lan A, Deborah
E, eds. Proc. of the 1st Int’'| Conf. on Embedded Networked Sensor Systems. New Y ork: ACM Press, 2003. 89-102.

Deepak G, Deborah E, John H. Dimensions: Why do we need a new data handling architecture for sensor networks. ACM
SIGCOMM Computer Communication Review, 2003,33(1):143-148.

Benjamin G, Deborah E, Ramesh G, Sylvia R, Scott S. DIFS: A distributed index for features in sensor networks. In: Erda C,
Taieb Z, Eylem E, eds. Proc. of the 1st |IEEE Int'l Workshop on Sensor Network Protocols and Applications. Washington: |EEE
Computer Society, 2003. 163-173.
Xin L, Young JK, Ramesh G, Wei H. Multi-Dimensional range queries in sensor networks. In: lan A, Deborah E, eds. Proc. of the
1st Int’l Conf. on Embedded Networked Sensor Systems. New Y ork: ACM Press, 2003. 509-517.

Guo LJ, Li JZ, Li GL. Spatio-Tempora query processing method in wireless sensor networks. Journal of software, 2006,17(4):
794-805 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/17/794.htm

Wensheng Z, Guohong C, Tom LP. Data dissemination with ring-based index for wireless sensor networks. In: Kevin A, Ken C,
eds. Proc. of the |IEEE Int’| Conf. on Network Protocols. Washington: |EEE Computer Society, 2003. 305-314.

€n/1000-9825/14/1717.htm

9825/17/794.htm

(1979 ),

,2003,14(10):1717-1727. http://www.jos.org.

- . ,2006,17(4):794-805. http://www.jos.org.cn/1000-

, (6 ), ., . ,
"Illlll. CCF , :

“

S https// www. jos. org. cn




	预备知识
	基于环的事件观测数据存储方法
	事件观测数据的初始存储
	事件观测数据的迁移

	各个环活动时间的设定
	环i处于非活动状态所消耗的能量
	环i处于活动状态所消耗的能量
	传感器网络寿命最大化的环活动时间设定

	一般情况下环活动时间的确定
	节点密度不均情况下,环活动时间的设定
	一般情况下节点活动时间的设定

	实  验
	节点均匀分布情况下,负载平衡存储协议对网络寿命的影响
	各个环的理论活动时间
	负载平衡数据存储方法下,网络的实际工作时间以及与其他方法的比较
	应用负载平衡数据存储方法的网络中各节点的能量消耗情况以及与其他方法的比较

	节点随机分布情况下,负载平衡存储方法对网络寿命的影响
	各个环的理论活动时间
	负载平衡数据存储方法下,网络的实际工作时间以及与其他方法的比较
	负载平衡存储方法下,网络中各节点的能量消耗情况以及与其他方法的比较


	结  论

