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Fault tolerant scheme for data aggregation in event 
cluster over wireless sensor networks 

XIAO Wei1,2, XU Ming1, LV Pin1, YU Jian-ping2  
(1. School of Computer, National University of Defense Technology, Changsha 410073, China; 

2. College of Mathematics and Computer Science, Hunan Normal University, Changsha 410081, China) 

Abstract: A fault tolerant scheme for data aggregation based event clustering called EFSA was proposed, based on fault 

tolerant capability in data aggregation over wireless sensor networks. The event cluster was generated before the 

weighted average data were extracted as approximate event value by way of k-means algorithm. The confident rate of 

every node in the event cluster was computed and adjusted by iterative algorithm and the CR functioned as the weighted 

value in aggregating data and the indicator of data fault from nodes. Simulation results and analysis demonstrate that 

EFSA enhances correctness and reliability of data aggregation by weakening the influence from data failure. 

Key words: wireless sensor networks; event clustering; fault tolerant; data aggregation; k-means algorithm 

 

1  �� 

��������	
��
������

�

[1,2]
����������	������	
�

 !"��#

[3]
���#�#$� %�	
� 

&'�()*+�,-'./

[4~6]
�012�34

56� 78
9�:�;�<=� >?@A�

BCDEF�GH�IJKLM?�()-'NO

%�	
��PQRS� 

T%()-'./�M?UV�W,XY!4

Z[�\]^�_`*abDesovski D[7]
c4Z�d

ef?g��h(ij�kGl�m�n�opq

rstHduvwxYyz�{|*+()-'.

/}Nathy S [8]
c4Z[-'~! synopsis diffusion�

�n��BJK����<�!�*+()&'A

M?��}Gobriel S [9]
c_`[ 2I5=���	�

-'�M?s|�������������-'

��}Wang Y[10]
c�Z[�I��/M?()-'�

�����2009-11-15[�����2010-04-28 

�����\]^_`� abcdef60773017�60903168g 

Foundation Item: The National Natural Science Foundation of China(60773017, 60903168) 



� 6� ������� !"#$%&'�()*+,�- .113. 

 

!����(��������()i���Y�

��M?���()i��F��(}Kempe D[11]

_`[ Tree()-'��E@��Z Gossip�M?

()-'���S����  ¡¢£w¤¥£�

f��¦./§¨©�xYª«��¬­����

�®¢£w�®¤¥£�f¯����°±m²³

&´�¤¥£}Chen J Y [12]
c4Z[ij|xYi

�����xYª«�µ� '¥�01HdZ�

¶-'�£� 

·¸=¹º�_`�»¼½�xY¾����

#�!�T%� Z¿�()?g�f()-'.

/©�Z[�I��#�()-'M?YF

EFSA(event-clustering based fault-tolerant scheme for 

data aggregation)�EFSAfij�"��#�5À

º�#$� 5= k-means de���� ÁÂÃ

CR(confident rate)ÄÅÆÇ��£�ÈÉ[?g(

)%()-'�ÊË�ÌX�EFSA Í§%��#

,� ÁÂÃ�ÎÏÐÑ�Ò³Z?� �ÁÂÃ

ÓÔÕÖ�×����ØÙÚ[Û¢()-'Hd

���@�Ü�Ý4Z� ()�ÞZ?�ßà� 

»¼á 2�4Z[ EFSAâS�"Aã¿§¨}

á 3�4Z EFSA@���äiåA�(æä}á 4

�4ZçèãéAêæä}á 5��»¼��ëì� 

2  EFSA ������	
��
 

2.1  ������ 

kG��JíÃLîïij����	
��

G(V, E),Vð� '¥�Eðñ�'¥���� ò

�ó�� ID ô�� �õ/°öð÷ø°ö78

ùú°ö�û���	��°öð÷ø°ö���

�	
��©��#�()��stüý 1þ��

����������	����¹���event�

ð©��®�ð	�®�����������,

��	
� !"����#� 

f»¼©��	
w sink� �]	/�½��

��j/
� [13]
st��B�
½� LEACH [14]

st�

����B�
�|��¼�[14]�âS?gð� 

()?g���b�� 	�?g�� 	�[��

;�����()g���}�� ��?g�fh

����,,� 	���;û���()4 sink �

 }�� g�?g���[��f�	�®�¹X

����78	�®�,û�������kG��

� �Z?��

p
]¸�� Z?]	· !� 

 
/ 1  $%&�(0123 

2.2  ��	
��
�� 

"Ç=¼�[15]4Z�ÁÂh#�$�%&

ÁÂÃ CR /ð� ()f()-'./©�Á

Â¨Ãw'B� �ÞZ¿()?g�h#�Á

ÂÃ CR�(ð 0³ 1���ã(�)£ð 1��

�� �ÁÂÃÍ§#$� Hd*+ö,-.

� � 

üý 1þ����	
��©�/�����

��	���,�� 0ùú�*Í§ª1de!

"��#�»¼©�½�"Ç= ARPEES[3]
�de�

����#©� �2��B3ÁÂÃ��¥�

ª1#$�×�f=ØÙÚ����
��45

6�Ü�78?g()%()-'�ÊË� 

)9§¨©���� Ù:()�!

(Eres(i),CR(i),D(i))�i;<�� i2��BL� 

iÁÂÃw� i�	���£��	��()Âô

=Ã>§?@G�()A£�(·¸���%��

()A£·¸)�� BC"[ùú°ö���¼�

[3]�D�{e�ùú�� �µ REQ-CLUS ÂE

4�F�¬­� �G�ÂE©��[� � ID

ô�2��B�£w� ÁÂÃ�H 

 res_ ( ( ), ( ), ( ))REQ CLUS ID i E i CR i  (1) 

ÂE��¹1���� fE��� t ,I&

³êJùú� ��§�� REQ-CLUSÂE�01

K|(2)Hd��� � FCH(i)�X<�� '¥� 

 CH res( ) ( ) ( ) ,F i E i CR i i X= × ∈  (2) 

��
� FCH(i)£�� GLMN/ð#$�

01Í�þ��ùú� �!O[����#��

#$�BÖ=/�A£�78#$� Z¿[?g

����#�#$� PK¹º�ª1{eRQª



.114. 4  5  �  6 � 31� 

 

1#$�RST�)9°ö��þ�� �ÁÂÃ

ð 1�ºU�#�"deBVWð ARPEESde� 

2.3  �� k-means������
��� 

ð[XÈ?g()%��£�ÊË�½�

k-means[16]
{e%()*+iY'¥./�*��

� ���ÁÂÃ£����()'¥ÁÂÃ�


9ª«��
�'¥ÁÂÃ�()'¥�Hd�

�ÆÇ	�£� 

kG��#©� (ð n�Ä²�()i;ð

D={d1,d2,Z,dn}�]��ÁÂÃ'¥ð R={CR(1), 

CR(2),Z, CR(n)}�dist(x,y)<� 2 �()���[

\�E_toleGð()-''¥®�/ðiY��(�

k-meansde�×#�P D©�()i;]&^_

·]`�'¥ C={C1,C2,Z,Cr}©�ê© Ci�()'

¥ � * a b c l � iC D=U a i jC C φ=I , 

, 1, ,i j r∀ ∈ L �¸�G{c1,c2,Z,cr}ð C �ddeî

£'¥�!O'¥ C� k-meansdeüm� 

�� 1  )9W§¨�G Cðf'�g@P(

)' D,()h"��ijkl�ÅD,�
mw


��() d1w d2i;]&'¥ C1w C2©�P

C1w C2n& C*HdZ c1w c2� 
�� 2  %op() kd ,ü�bc dist( , )k id c  

_E tole> , iC C∀ ∈ �qrs��Q�'¥ Ckn&

C�ta dkuCk*aHdZ ck� 

�� 3  ü� f��()'¥3 dk�[\m

= E_tole�qª«3 dk
Æ�'¥ Cm�n dkn&

'¥ Cm� 

�� 4  R�%()'Dv+wx 2wwx 3�

nþ��() duDòn&/�'¥ Ci�*a²³

'¥ C�ü� 2�78��'¥ CiuC©£�]	

[\m= E_tole�qRQ¥*G\'¥ð��'¥�

*RQHd©£�R�v+G�§¨�y³'¥ C

·2��CWðz� 

%=Ä²�'¥ C={C1,C2,Z,Cr}�Hd��'

¥ Ci©� �ÁÂÃeî£ ACRi�ü�()'¥ k

%�� ACRk£
����|(3)�Z'¥ Ck�n¢

eî(/ð��ÆÇ	�()£ Eventavg�GMð
'¥ Ck{|�(� 1 2{ , , , }k k k kMC d d d= L � 

 
1 1

( ( ) ( ))
M M

kj
j i

Eventavg CR kj CR ki d
= =

=
∑ ∑

 (3) 

<¼�[16]�_`Á¹²Z�¹º� k-means

de����}Ãð O(n)�¹m~�P%�(

E_tole�G�*+æä� 
2.4  	������
� !"#��
$% 

fÄ²��ÆÇ£ Eventavg¹1�#$� P

%��� �()3 Eventavg�\¨Ã*+Hd�

<ÌÄÅ� ()�ÁÂÃ�/ð� Q�ÁÂ¢

£�»¼�¥¼�[15]�D�{e�Hd� �Á

ÂÃ�fHd§¨©�#$� ð��#���"

���w�:��CB yi�)9£òð 0�ü�#

$� ��[V��CB yi�¸��34Q�#$� 

g@Hd��� i �Ä²£3eî£���

[\ mi�01�� mi3()'¥-'®� E_tole

�^uAHd�((|(4))²³�� yi£� 

tole ,old

,curr ,old tole ,old

,old tole

0, , 0

, , 0

1 ,

i i

i i i i

i i

m y p

y y p m y p

y p m

ε
ε

ε

 −


= − − >


 + − >


� �

�  (4) 

ê©� ,oldiy ð� iy ��(£� ,curriy ð� iy ��

�£�

p
ð� Z?��� 


1���|(5)�Z��� �ÁÂÃ�£� 

 ( ) iyCR i a λ−=  (5) 

ê©� aL λ���QB���=ãéA���m
�æä 2��(�Å£� 

ð[�Ýß�Z?�� �G�?gA£

min_error�ü�� �ÁÂÃ CR(i)m= min_error�

Á¹�ð�� ð?g� �01�?g� � ID

ô����#�.� ��"?g� ���A�

\�ü�#$� Z¿?g��ZQ#$� �ª

1./�E�K 2.2 ��D�ª1de!OQ��

�#� 

3  EFSA ��������	
�� 

f4�����	
��©�kG�]%^_

� n �� !"��#���� i �Å£ xi�b

cij

2( , )N A σ (ê©σ Å£PQm)���� i

%��ÁÂÃ ri/ð¢£�)9£ð 1�n �� 

%	����56@�Å����Å�¹1�#$

� % n�� �	�(£*+ÎÏ-'./�*

a��� �Z?��]¸a^_�� Z¿()

?g�����m��=m����� 
3.1  EFSA ������� 

g@æä#$� ·½� k-means{e�%þ

�� ()*+�¢î£Hd�&´@��kGá

k�ÎÏ��½���»£ð ( ) ( ) ( )
1 2, , ,k k k

nx x xL �Í§



� 6 � ������	
��
������������ �115� 

 

|(4)L|(5)�²��� �ÁÂÃ ( ) ( ) ( )
1 2, , ,k k k

nr r rL ,

ê©

( )0 1, 1,2, ,k
ir i n< = L� , ( )k

ir �¿[

( )k
ix 3

( 1)kX −
%

��\¨Ã��

( ) ( ) ( )

1

/
n

k k k
j j i

i

gr r r
=

=
∑

bc

( )

1

1
n

k
j

j

gr
=

=
∑

�Hdî£½���|ð 

 ( ) ( ) ( )

1

n
k k k

j j
j

X gr x
=

=
∑

%  (6) 

�� 1  f EFSA YF©�á k�ÎÏÄ²�

î£{�·�=)9ÎÏ�î£{�� 

��  <ÎÏ§¨Á¹�b 

 

(1) (1)

1

(1) 2 2
2 2

1

( ) /

1 1 1
( )

n

j
j

n

j
j

D X D x n

D x n
n n n

σ σ

=

=

 

=
 

 

 = = =
 

∑

∑

%

 (7)

 

 ( ) ( ) ( ) ( )2 2

1 1

( ) ( )
n n

k k k k
j j j

j j

D X D gr x gr σ
= =

   

= =
   

   

∑ ∑

%  (8) 

��·c|b 

 
2

2 2 2 1 2
1 2

( )
( ) n

n

a a a
a a a

n

+ + +
+ + +

L

L � , 

 0, 1,2, ,ia i n> = L  

( ) ( )2 2

1

( ) ( ) ( ) 2
2 2 (1)1 2

( ) ( )

( ) 1
( )

n
k k

j
j

k k k
n

D X gr

gr gr gr
D X

n n

σ

σ σ

=

 

=
 

 

 + + +
= =

 

 

∑

%

L

%

�

 

  (9) 

H

( ) (1)( ) ( ) , 2,3, ,kD X D X k n=% %

L�     � 

�� 1  ��#©�) EFSAYF�Ä²���

î£x�ÎÏ�(��n�IÆ=6�£ A�*a�

ÎÏ�(��=������î£���&´= A� 

��   ð ( ) 2~ ( , )k
ix N A σ �¸��<%� 1

Á¹²Z�%=��ÎÏ§¨©��»{�bcb

( ) ( 1) (1)k k
S S S

−
L� � � �

( )k
S <�á k ���»{

��H

( ) ( ) ( ) 2 ( ) ( ) 2
1

2 1
( ) ( )

k k k k k
nS X x X x

n
 = − + + −
 

% %

L � 

¸�¡ EFSAÎÏ§¨Á����� �¢£

Ù:�J�ÁÂÃ£�tZ? �¢£¢£�£

m���� �()%

( )kX% �ÊË¨Ã¢£�£

��tZ?� ()%

( )kX% �ÊË£�£m�þ¹

�

( )k
X ¢�IÆ=6�£ A �H%= ε∀ �ò�

( ) ( 1)k kX A X A ε−− −% %

L� � � � 

� k → ∞��<m������Á��Z?�
 ���ð¤��B�¥�Z?� �¢££�£

m�*�Æ=¤� ÌÁ¦Z?� f���ÎÏ

1§¨·���H 

 ( )lim k P

k
X A

→∞
→%  � 

f EFSAYF©�%=á k�ÎÏ§¨�ü�

½� k-means{e��¡ ( ) ( ) ( )
1 2, , ,k k k

nx x xL ©ªÅ�©

'��
�eîÁÂÃ¢£�K k-means {ewm

�������Ä²�î£

( )*kX% �

( )kX% �IÆ=6

� £ A � ¸ � b c ¹ � � & ´ = A � H
( )*lim k P

k
X A

→∞
→%

� 

3.2  EFSA �������� 

¡ 2.3 �iåÁ¹²Z�E_tole �ª«%

k-means ©'¥�¾��(�RS�/��¸��

ÊË
1�iY���ª�� Z?���æäf

·¸�()'¥®� E_tolem�·¸� (���

#Ä²���£3èã£���]%g�CW� 

üý 2 þ��-'()�]%g�«9�x

E_tole ��n¬­ÈÉ�³[����¹1]%g

�®tnÔºi�� f= E_tole«9�����

n()-'./�� (����Q� (���

�J[-'./()���@�0tx� E_tole�

¯°���()-'./©Z?� �n�(B�

�nR±�O"[-'()���@®tmÕ�þ

¹ª«¥²�E_tole%
9��£���ÄÅ�^

³�/��ãé<S�E_toleª« 0.6~1.0���£

��Á¹Ä²��m�]%g��¸���´Á�

ÈÉ?g� %()-'./�ÊË� 

 
� 2  �������	
���
� 



�116� �  �  �  � � 31� 

 

I��µÁÂÃHd�|

xCR a λ−= ��(�

�)h(�(�¯ �� aw λ£����¶�m
Õ�·n±�%��mÕ¸�BST���ð[7

8� ¹�@Z¿?g�º±�f4Zß�A£

min_error 1��(Å£ØS�µÁÂÃmÕ�Ô

Ã�ÜS�µÎÏwx�»Ã�ãé<S��G�

min_error=0.18��ªÅ 0.558λ = w 3.426a = ��

¥²� 

4  ������� 

»�Í§s¼çèãé% EFSA �@�*+½

¾�½���çè¿� NS(network simulator)-2[17]
/

ðçèeÀ�f*+�çèãé©�� 0xYij

f�� 1 000m×1 000m{����ª«ÁL�� (

Bf 100~500 ���CW�MAC Â��½� IEEE 

802.11���KÃ EFSAYFÄ+ãé�Z?� x

Yª«*Å&Z?�����xYª«¾�ÆL�#

$� &'�()Í§�<�� AODV ��³ sink

� �¹m���ãéòÄ+ 100��Åê©�eî

£/ð
9����< 14Z[ãé��(GL� 

� 1 ������ 

�� �� 

������/m 900 

���  !"# E_tole 0.6~1.0 

$%&'"#/m 20~28 

$%()"#/m 18~22 

��*+,-/J 3 

&',-/mJ 14.88 

./,-/mJ 10.25 

��0�1 p 0.02~0.2 

 
4.1  �������� EFSA 	
��
 

()-'./�gS×#����Ä²��

£���'B()-'M?YF EFSA@��RS

 |�g@�_` EFSAf·¸ÇÈº±m�ÄÅ

��£3èã£�]%g�CWº±� 

üý 3 þ��x�Ä+����»�EFSA Ä

²�]%g�¢±ÔmÕ�� �?g� f��

ÎÏ1ÁÂÃ±ÔCm�yÉÊ;ð?g� �È

É[%-'./�ÊË�ËXÁ¹ÌZ�%=·¸

���Ís��� 200�� ���¾��]%g

�f 185sÎÏÓÔÈÉ�t�� 400�� ���

¾��]%g�f 270sÐnÔÈÉ�;� 600s1

²³�]%g���8Ö�� f=JíÃ���

M?ÎÏþÑ����»� 

 
� 3  EFSA2��34��5	
��� 

I�_`[f·¸���Ísº±m�EFSA

�]%g����üý 4þ��x���Ís�Ò

��EFSA YF%��]%g�ò�·¸��»�

;��%=·¸�� Z?���]%g����

CW·��5»f 0.02~0.03��Ó+�ÔÃÙ:]

%Õ��ý 3 wý 4 �ãé��<S���#n�

EFSA YFÄ²���£x�ãé����n]%

g�¢¬­ÈÉ*Ù:]%Õ��¯;�f�Jí

Ã����	
��©�Ä²�Ö���£� 

 
� 4  EFSA2��	67895	
��� 

ÌX�_`[f]¸���Ísm�3 I·¸

de²³���£g�°±�¡ý 5Á¹ÌZ�?

g� ���n��]%g�ò×¿�n��·�

;��ü�ª�?g� ���Treede� Gossip

w EFSAYF�]%g�SJ 2Ø¹º�� f=

Treedeû�oÙ�()M?Ú��GossipdeÍ

§xY&´�����M?�Û� Ì Gossipde

���]%g�� Tree{eSÖ�ÌX�EFSAY

FfZ?� ���ºi��%��]%g�Ü�

RÝÞ��»�]%g��êJ�deòSÖaÕ



� 6: ;<=>$%&(?67@AB	��� C0DE �117� 

 

��GßÚ=��M?NO�/��ý 5�ãé�

�<S�EFSAYF%� Treedew Gossipde�

Ä²�à����£� 

 
� 5  ��FG2��0���
H5	
��� 

4.2  ����	�� 

çèãé_`[��#?g� á����

�Ag����F�'BM?@�Ë��RSh

#�kG���Ísª����� �ÁÂÃ�ß

à� �ÞZ?�üý 6þ�,f]¸��	
� 

Z?����m�JíÃº±�á���@âã�

ÖíÃº±mJ 20%¹º�¯;�fíÃ 10 º±

m�á����@
Ö�tíÃJ= 25�º±m�

á����@��J�� f=n� EFSAYF��

§Ö�íÃn�nM?§¨�()��É�RÉ�

?g()B¢ÊË
9-'�����·�=?g

� �ßà�ËX��íÃ·C��x�� Z?

�� p����á����@ò¢ÕÖ�;JíÃ

�º±ÕÖSÝÞ\�%= EFSA()-'M?Y

F�g����Z¿]¸�º±�¡ý 7Á��ü

�� íÃ>§ 20 ¹1�Hn� Z?����

n�g���n�ÔÃ��Ù:eÕ� 

 
� 6  ����0�I1	JKLM1 

 
� 7  ����0�I1	0���1 

ý 6 wý 7 �ãé<S�()-'M?YF

EFSA fíÃ�J�º±m��RÖ�?g� �

á���@�� 

4.3  ���	����
� 

_`()-'M?YF EFSA ��B�
@

�� ð��©�B�

�¶i�()����

ÜÑS�µ� �����()i�(B�fª�

���� (ð 400��_`��#n� 3I·¸

NO¾��()i�(B%��üý 8þ����

 Z?��

p
�Ö��Gossipw Treede�()i

���(B� EFSAYFÉ 25%�� f=ä8ò

û���#�"§¨�()i����(B�

EFSA YFSÉ�;���� Z?��·à�J

¹1�Treedeð[%Z?� ½�R!�"å�

{|����J[()i�`æ�(B}ÌX�

Gossipde�ÑSR�%Z?� *+()`æÒ

³()&´�×��O"��()i��(B��

þ�J�EFSAYFÜ¾�]%ª�(B�ÂEi�

`æ�þ¹� Z?����J·¢çX�n()

i�(B�i����(B5»Ù:Õ��ý 8 �

ãé<S���#� EFSAYF�B�
Ó+·��

;��f� Z?���m��B�
]%�J� 

 
� 8  ��FG	��NOPQ�- 



�118� �  �  �  � � 31� 

 

���1971-��������	�


��
����������������

�
�� !��" 

	
�1964-��������	�


��
��#$����%&������

������
��'()*+,-." 

5  ��	 

f��#��èém�R �µ[��#fZ

¿?g� �Ä²-'()L?gÊËXÈAZ?

� ���UV��Z[��#�()-'M?Y

F�_`[5= k-meansde�-'()ÄÅ{e�

4Z[�)� ÁÂÃ�M?AZ?� ��{

ê�ãé��ÚS4Z�YF��K�á�Z?g

� �*��Áë@AJK@�0t�fij|!

ª��#�5Àº�ì�()M?�ij|��N

O�m�w�õ/� 

����� 

[1] PARADIS L,HAN Q. A survey of fault management in wireless sensor 

networks[J]. ACM Journal of Network and System Management, 

2007,15(2):171-190 

[2] RST, RUV, WXY. $%&(?67Z[��\]	I^_

`abcd[J]. eA��,2003,14 (10) :1717-1727. 

LI J Z, LI J B, SHI S F. Concepts, issues and advance of sensor net-

works and data management of sensor networks[J]. Journal of Soft-

ware, 2003, 14(10): 1717-1727. 

[3] QUANG V T, MIYOSHI T. Adaptive routing protocol with energy 

efficiency and event clustering for wireless sensor networks[J]. IEICE 

Trans Commun, 2008, 91(9):2785-2805. 

[4] KRISHNAMACHARI B, ESTRIN D, WICKER S. The impact of data 

aggregation in wireless sensor networks[A]. DCS’02[C]. Washington, 

2002. 575-578. 

[5] CHEN H F, MINENO H, MIZUNO T. Adaptive data aggregation 

scheme in clustered wireless sensor networks[J]. Computer Commu-

nications, 2008, 31(15): 3579-3585. 

[6] JAMAL N A, RAZA U M, AHMED E K. Data aggregation and rout-

ing in wireless sensor networks: optimal and heuristic algorithms[J]. 

Computer Networks, 2009, 53(7): 945-960. 

[7] DESOVSKI D, LIU Y, CUKIC B. Linear randomized voting algorithm 

for fault tolerant sensor fusion and the corresponding reliability 

model[A]. IEEE International Symposium on Systems Engineering[C]. 

2005. 153-162. 

[8] NATHY S, GIBBONS P B, SESHANY S. Synopsis diffusion for 

robust aggregation in sensor networks[A]. SenSys'04[C]. Baltimore, 

Maryland, 2004. 250-264. 

[9] GOBRIEL S, KHATTAB S, MOSSE D. Fault tolerant aggregation in 

sensor networks using corrective actions[A].SECON’06[C]. Hyatt 

Regency, Reston, 2006. 595-604. 

[10] WANG Y, WU H Y. DFT-MSN: the delay/fault-tolerant mobile sensor 

network for pervasive information gathering[J]. Mobile Computing, 

IEEE Transactions on, 2007,6(9):1021-1034. 

[11] KEMPE D, DOBRA A, GEHRKE J. Gossip-based computation of 

aggregate information[A]. IEEE FOCS’03[C]. Cambridge, MA, USA, 

2003.482-491. 

[12] CHEN J Y, PANDURANGAN G, XU D. Robust aggregates computa-

tion in wireless sensor networks: distributed randomized algorithms 

and analysis[A]. IEEE IPSN’05[C]. Los Angeles, California, USA, 

2005.248-355. 

[13] TERPSTRA W W, BEHNEL S, FIEGE L. A peer-to-peer approach to 

content-based publish/subscribe[A]. ACM DEBS '03[C]. New York, 

NY, USA, 2003. 1-8. 

[14] HEINZELMAN W B, CHANDRAKASAN A P, BALAKRISHNAN H. 

An application-specific protocol architecture for wireless microsensor 

networks[J]. IEEE Trans on Wireless Communication, 2002, 1(4): 

660-670. 

[15] KRASNIEWSKI M, VARADHARAJAN P, RABELER B. TIBFIT: 

trust index based fault tolerance for arbitrary data faults in sensor net-

works[A]. IEEE DSN’05[C]. Yokohama, Japan, 2005. 672-681. 

[16] LIKAS A, VLASSIS N, VERBEEK J J. The global k-means clustering 

algorithm [J]. Pattern Recognition, 2003, 36(2): 451-461.  

[17] The network simulator—ns-2[EB/OL]. http://www.isi.edu/nsnam/ns/, 

2005. 

 

��
�� 

 
 

 

 

���1983-����/012	���������

��'()*3����" 

 

����1979-������45	��������

���'(678)*�9: !"

 


