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Abstract: Distance between sensor nodes can’t reflect their correlation degree in wireless sensor network (WSN) as
the sensor nodes are deployed in complex environment. In order to resolve this drawback, data density correlation degree
(DDCD) is proposed in this paper. The DDCD is a spatial correlation measurement of a sensor node’s data to its neighbor
nodes’ data. It could reflect the concentration degree of neighbor nodes’ data. As well, it could describe relative position
of a sensor node’s data to its ε-neighborhood data. Based on this correlation degree, DDCD aggregation algorithm is
presented to highlight that the representative data has a low distortion on the represented data in WSN. Additionally,
simulation experiments with a real dataset are presented to evaluate the performance of the DDCD aggregation algorithm.
The experimental results show that the resulting representative data achieved by DDCD aggregation algorithm have a lower
data distortion than those achieved by the Pearson correlation coefficient based data aggregation algorithm or α–local
spatial data aggregation algorithm. Moreover, the energy consuming of DDCD aggregation algorithm is less than those of
the other two data aggregation algorithms.
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1 ÚÚÚóóó(Introduction)
Ã�Daì�ä´dÜÝua�«�S�a�!

:ÏLÃ�g|��ª|¤�a��ä[1–2]. Ù8�
´ÏL�!:æ8��êâ��O(/£ãa�

«�S�ÔnA�. �d,I�!:p�ÝCXa�
«�,�ù�¬E¤!:êâ��mP{. e¤k!
:a�&EÑþD�®à(sink)!:,@o£ã¯�
�êâO(5JpØ²w,�¬�ÑLõ�!:Uþ,

��Ã�Da�ä(wireless sensor network, WSN)Æ
· á. 8c�éWSN¥�êâP{¯K,Ì�|^
!:m�'5,æ^êâKÜ�{?1�P{.

�âKÜüÑ,êâKÜ�{�©��S�Îª
êâKÜ[3–4]!Ø ªêâKÜ[5–6]Ú�LªêâK
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AO´3�.Ã�Daì�ä;Ø ªêâKÜ¢y
E,,¢^5�;�LªêâKÜ�KÜêâ°ÝÉ

ÂvFÏ: 2013−10−31;¹^FÏ: 2014−05−07.
†Ï&�ö. E-mail: eric f y@foxmail.com; Tel.: +86 18520035768.
Ä7�8: I[g,�ÆÄ7]Ï�8(61071038);2À���Ü�Æï(Ü:]Ï�8(2011A090200128).



1 11Ï ���: Ã�Daì�ä¥êâ�Ý�'ÝKÜ�{ 1569

�'5£ã�{K���.�LªêâKÜ�{´3
#N�½êâØ�cJe,À�ÛÜ�L!:,òÙ
êâþD�sink!:,±ü$êâDÑþ,�©=é�
LªêâKÜ�{?1ïÄ.

WSN�êâKÜïÄ±!:êâ�'5�Ä:,
�8cé!:m�'5£ã�{ïÄ��. ÊHæ^
�!:m�'Ýúª�Äu!:Ôn ���'Ý

úª,Túªò!:�'Ý½Â�!:mål�üN
4~�K¼ê. T�'ÝO��{·^u{ü�¸,
¿UO(��!: ���¹. 3¢SA^|µ¥,
!:a�°Ý!!:mD(!ÜÝ �ÚÏ&�¸�

Ø(½5,¬��T!:�'5£ã�{Ø
O(.
�
�ÑÏ �Ú�¸�5��'ÝØ�,©z[11]
ÏLO�!:êâm���Ü�'Xê(the pearson
correlation coefficient, PCC)5£ã!:�'Ý,�T
�'5Ýþúª=·Ü£ãäk�5�'5�ü!

:,�A^�WSNêâKÜ�,I��!:D4�½
êþ��©êâ�sink!:,O�
!:UÑ.©z
[12–13]KJÑÄu!:êâmÚOA��!:�'
Ýúª,TÝþ�ªA^�WSNêâKÜ�,�3¤
qL§UÑL�!�'ÝO�E,�¯K.

�©�éWSNêâKÜ�{¥!:�'5Ýþ
�{�3�¯K,JÑ
êâ�Ý�'Ýúª. Ó�,
òT�'ÝúªA^��LªêâKÜ¥,JÑ
ê
â�Ý�'ÝKÜ�{,¦�KÜ�, uÓ��'
«�S�!:êâ�'Ý�, uØÓ�'«�S�
!:êâ�'Ý�. 12!ò0�êâ�Ý�'Ýú
ª,¿éÙ5�?1`²,13!¥,òéêâ�Ý�
'ÝKÜ�{?10�,14!òæ^WSN¢ÿêâ
?1�ý¢�,±`²êâ�Ý�'ÝKÜ�{�k
�5.

2 êêêâââ���ÝÝÝ���'''ÝÝÝ(Data density correlation
degree)
½½½ÂÂÂ 1 b�!:vkn��Ø!:,�Ø!:©

O�v1, v2, · · · , vn,!:v�êâé��D,Ù�Ø!
:�êâé�©O�D1, D2, · · · , Dn. XJn�êâ

é�¥,kN�êâé��D�ål�uK�ε,�
minPts 6 N 6 n,@o!:v�¡�Ø%!:. Ù¥
minPts�êþK�, ε�êâK�.�D�ål�uε

�«��¡�D�ε��.

�*5w, N��, uêâé�D�ε��S�

êâé��õ,!:vé uD�ε��Sêâé�é

A�!:äk�Ð��L5. ¿�ε��S�!:ê

âé��8¥3D�±�,!:véD�ε��Sêâ

é�éA�!:äk�Ð��L5. Ó�,êâé
�DlD�ε��Sêâé��¥%�C, v��L5

��r. Ïd,�
�¡£ã!:v�êâé�DéÙ

�Ø!:êâé���L5,nÜ±þ3�¡,J
Ñ
êâ�Ý�'Ý(data density correlation degree,
DDCD)úª.

½½½ÂÂÂ 2 b�!:vkn��Ø!:,�Ø!:©
O�v1, v2, · · · , vn,!:v�êâé��D,Ù�Ø!
:�êâé�©O�D1, D2, · · · , Dn. n�êâé�

¥,kN�êâé��D�ål�uK�ε,@o!
:v�éÙ�Ø!:�êâ�Ý�'ÝXª(1)¤«:

Sim(v)=





0, N <minPts,

a1(1− 1
exp(N−minPts)

)+

a2(1− d∆

ε
)+a3(1− d

ε
), N >minPts,

(1)

Ù¥: minPts�êþK�, ε�êâK�, d∆�D�Ù

ε��S�N�êâé�¥%�ål, d�D�Ùε�

�S�êâé��ål�²þ�; a1, a2Úa3��

Xê,�a1 + a2 + a3=1.

ª(1)¤ãêâ�Ý�'Ý,äkXe5�:

1) Sim(v)�XN�O�O�;

2) Sim(v)�Xd∆�~�O�;

3) Sim(v)�Xd�~�O�;

4) Sim(v) ∈ [0, 1].
d½Â29Sim(v)�5���,êâK�ε�y


Sim(v)ØÉØ�'êâ�K�,êþK�minPts�
y
!:väk�L5�,Ùêâ�ε��S���

êâé��ê. �
`²½Â2�êâ�Ý�'Ý�
k�5,b�!:v0, v1, v2, · · · , vn���êâé�

©O�D0, D1, D2, · · · , Dn,��êâé�D1, D2,

· · · , Dn uD0�ε��S,dª(1)¦�v0�éÙê

â�ε��Sêâé�éA!:��'§ÝSim(v0).
éuêâé�8ÜS�êâé��©Ù,�±^ã
1¤«�«¿ã?1`².

ã 1 �êâé�©Ù«¿ã

Fig. 1 Sketch map of distribution of data objects

ã1¥,�D0��Cêâ¥%�, D0éTêâ8

Ü��'5�r,�U�LTêâ8Ü.�éuÓ�
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�d∆, D0�U uã1¥�DÕ«�½ö�8«�.
Ïd,Ú\d5«©D0´ uDÕ«��´�8«�.
�d���, D0 u�8«�,��,K uDÕ«�.
�,�êâé��XD0£Ä�, d∆Údþ~�,��
½,. �,�êâé�7XD0�DÕ«�£Ä�,
d∆~�, d�±ØC,d±þ©Û��,½Â2¥�ê
â�Ý�'ÝúªØ=�N
êâé�3D0±��

à8§Ý,��N
D0±��êâ©Ù�¹.

3 êêêâââ���ÝÝÝ���'''ÝÝÝKKKÜÜÜ���{{{ (Data density
correlation degree aggregation algorithm)
êâ�Ý�'ÝKÜ�{�8�´À�Ü·�Û

Ü�L!:,ò�L!:�æ��D4�sink!:. �

À�Ü·�ÛÜ�L!:,òêâ�Ý�'Ý��
ïþ!:��L5�I,JÑ
�A�êâKÜ�{.

WSN�ï��Ã�ãG = (V, E),Ù¥: V�!

:�¤�!:8Ü, E�WSN¥¤kë��¤�>
8. V¥!:i�U����U�,ÙÏ&�»�α(i).
!:iÏ&�»S�!:�¤�8ÜN (i)�!:i��

Ø!:8Ü.

êâ�Ý�'ÝKÜ�{�±©�3�L§,©
O�Daì!:a.O�(sensor type calculation, STC)
L§!ÛÜq�ï(local cluster construction, LCC)L
§Ú�Û�L!:ÀJ(global representative sensor
node selection, GRS)L§.

STCL§¥,!:i(i ∈ V )�â�Ø!:uxL5
�êâ,ÏL½Â1�äg�´Ä�Ø%!:,¿�â
ª(1)O�!:i�êâ�Ý�'ÝSim(i). Ó�,!
:iò u!:iêâ�ε��S�êâé�éA�!

:Ò���NodeSet(i)inner,ò u!:iêâ�ε�

�	�êâé�éA�!:Ò���NodeSet(i)outer.

LCCL§¥,�âSTCL§¥�)�&E,�Ù�
Ø!:uxI�&E.e,!:i�Ø%!:,KT!
:�NodeSet(i)innerS!:uxI�&E(i, 1,Sim(i)),
�NodeSet(i)outerS�!:uxI�&E(i,−1,Sim(i));
e,!:i��Ø%!:,KT!:�Ù�Ø!:ux
I�&E(i, 0,Sim(i)). �!:�¤I�&Eux�
�Â�,���Â��êâ�Ý�'Ý����9é
A!:Ò.,	,e,!:i�Ø%!:,KòÙêâ
�ε��Sêâé�éA�!:Ò���ÛÜ�'q

8ÜClusterSet(i)¥;eT!:�Â��I�&E¥
12 �/10,KòT!:�Â��I�&E¥�!
:Ò���ÛÜ�'q8ÜClusterSet(i)¥.

GRSL§¥,e,�!:i�����DDCDéA
�!:ÒØ´Ùg�,K!:i�ÙÛÜ�'q8Ü

ClusterSet(i)¥�!:uxÙ�����DDCD9
��DDCDéA�!:Ò.�Â���DDCD9!
:Ò�,�!:?1DDCD'�. eg������

DDCD�u�Â����DDCD,K^�Â����
DDCD9éA!:Ò�#�!:�����DDCD
9éA!:Ò.TL§E?1,��Ø2?1��
DDCD�#.TL§(å�,��XÓ����DDCD
9éA!:Ò�!: uÓ��'«�S,l¢y

�LªêâKÜ�'«��/¤.

�1±þ3�L§��WSN!:,�©�
�L
!:!Õá!:Ú¤
!:. �L!:�Ø%!:,�
Ù�����DDCDéA�!:Ò�g�!:Ò�
��!:. Õá!:´�Ø%!:,�ÛÜ�'q8
ÜClusterSet(i)���!:. ¤
!:´Ù����
�DDCDéA!:�g�Ø���!:. Ù¥�L!
:ÚÕá!:KIæ8êâ¿ÏLUþk�´»,u
x�sink!:,¤
!:��¥m!:,KID4�L
!:½Õá!:D4L5�êâ,½ö?u>�G�.

4 ���ýýý���555UUU©©©ÛÛÛ(Simulation and perform-
ance analysis)
¢�¥æ^
Lausanne Urban Canopy Experiment

(LUCE)ÿþé�u2006c¢Sæ8��§Ý�!:
êâé�[14]. ±�L!:êâ���L!:êâ�m
��éØ���KÜ�J�ïþ�I,ÏLé'
DDCDKÜ�{!PCCKÜ�{ÚαÛÜ�m(α–local
spatial, α–LS)KÜ�{[13]�KÜ�J5`²DDCD
KÜ�{�k�5.

½½½ÂÂÂ 3 em + 1�!:�KÜ�{y©�Ó�
�'«�S,�!:êâ©O�D0, D1, D2, · · · ,

Dm, D0�T�'«���L!:�êâ,@o±D0

��Lêâ��'«�S�éØ�þ��

Ē =

m∑
i=1

ei

m
, (2)

Ù¥ei = |Di −D0|/Di,�D0�Di�m��éØ�.

eWSNKÜ�{äkéÐ�KÜ�J,���'
«���'«�S�éØ�þ�þ��,@o�±^
ª(3)¤«��Û�éØ�þ�5ïþKÜ�{�J:

Ēg =

k∑
i=1

Ēi

k
, (3)

Ù¥: k�WSN¥�'«�êþ, Ēi�1i��'«�

��'«�S�éØ�þ�.

4.1 KKKÜÜÜ���JJJ'''���(Aggregation performance com-
parison)

LUCEÿþé�3ÿþí�êâ�,Ù!:ÜÝ�
¹Xã2¤«. ã2¥(ÒL«!:�Ù�C��Ø!
:�ålØ�L30 m�!:,�µL«!:�Ù�C
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��Ø!:�ål�L30 m�!:. lã2�±wÑ,
(Ò!:k65�,�µ!:k15�.(Ò¤3«�,!
:©Ù�8,�µ!:«�,!:©ÙDÕ.duêâ
KÜ�{´�é�8CX�!:,¤±�ý¢�¥,
æ^30 m��!:Ï&�»,¦��Ü©!:kõ�
�Ø!:. éuDÕ«��!:,K3�y!:ëÏ
5�cJe,O�ÙÏ&�».

ã 2 LUCE¥!:©Ùã

Fig. 2 Distributions of sensor nodes in LUCE

¢�¥À��êâ�2007c1�1Fæ8�êâ,
¿�òzü©¨S§Ýþ�����æ��,À�ë
Y30g�æ����ý¢�êâ. �ý¢�¥,I�
kéDDCDKÜ�{¥�êâK�,êþK�Ú�
�?1��.3�¢�¥,du!:Ï&�»�30 m,
�Ü©(Ò!:3TÏ&�»S��Ø!:ê8�

4½ö5�,¤±êþK�minPts���2. duêâK
�O��, WSN�äS��Û�éØ�þ�¬��O
�.Ïd,3¢�¥éêâK�ý��éA��Û�
éØ�þ�?1ïþ,eÙÃ{÷v�¦,Kòêâ
K�~�,��÷v^ré�Û�éØ�þ���¦.
�©¢�¥,êâK����0.4,�±÷v�Û�é
Ø�þ��¦. DDCDúª¥,12�3£ã!:êâ
�'§Ý�,Ù�5�é,	ü���.13�£ã
!:êâ3�Ø!:êâ¥�©Ù�¹,Ù�5�
11��.Ï�8«�S�!:êâ�ε��S�!:

êâ�OØ�,¦�11��5��,Ïd���
Xê�,Uì����5,©O���a1 = 1/6,

a2 = 1/2, a3 = 1/3.

PCCKÜ�{¥, PCC�'XêK��0.9. α–LS
KÜ�{¥,���K��0.6,d�ÙÕá!:ê
Ó7%. ã3w«
�KÜ�{3�æ����KÜ(
J.ã3(a)¤«��KÜ�{��Û�éØ�þ�,
ã3(b)¤«��KÜ�{��L!:êþ,ã3(c)¤
«��KÜ�{�Õá!:êþ.

dã3(a)��, DDCDKÜ�{��Û�éØ�þ
��éÙ§ü«KÜ�{´���,`²
DDCDK
Ü�{�KÜ�J�éPCCKÜ�{Úα–LSKÜ�

{k�Ð�KÜ�J.ã3(b)¥, DDCDKÜ�{��
��L!:�êþ'PCCKÜ�{����L!:
êþÑ�,'α–LSKÜ�{����L!:êþ�
éõ. 3α–LSKÜ�{¥,�L!:I�÷v±eü
�^���: 1)�L!:��m�'�AT´Ù�
Ø!:�m�'�¥��; 2)q�L!:��Ø!
:¥Ø�3�L!:. éup�ÝCX�WSN,÷v
11�^��!:��p�ÝCX«�¥�m�'�
���:,êþ�. éu12�/¤qÞ�^�,�
�,!:��Ø!:¥Ã�L!:,T!:B¤�

�L!:. ÷v12�^���L!:�õ. Ïd, α–
LSKÜ�{��L!:ê¬�,	ü«KÜ�{õ.
Ó�,dã3(c)�±wÑ, DDCDKÜ�{���Õá
!:êþ'PCCKÜ�{Úα–LSKÜ�{���Õ
á!:êþ�, PCCKÜ�{�Õá!:ê²w',
	ü«KÜ�{���!:êõ. Ì�Ï�3T�m
ãS,d��!:�êâ�����!:�m�PCC
��Ü©��.

nÜã3�(J�±wÑ,3�L!:é�'«�
SÙ¦!:��L5�¡, DDCDKÜ�{5U`u
,	ü«KÜ�{. ¿�DDCDKÜ�{¥,I�?
1êâþD�!:ê',	ü«KÜ�{�êâþ

D!:ê�,�éUÑ�. ¤±, DDCDKÜ�{êâ
°Ý�p!þDêâþ��,äk�Ð5U.

(a) �Û�éØ�þ�

(b) �L!:êþ
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(c) Õá!:êþ

ã 3 KÜ(J'�

Fig. 3 Comparison of aggregation results

4.2 KKKÜÜÜ���{{{kkk���555'''���(Comparison on validity

of different aggregation algorithms)

WSN¥�LªêâKÜ�{3¢SA^�,3,
���,�â�!:æ8�êâ,���L!:ÚÕ
á!:,2d�L!:ÚÕá!:KIa��¸,¿
òa�êâþD�sink!:. 3T������ã�
mS, WSNS��L!:ÚÕá!:�±ØC,¿a
��þDõÓêâ. Têâæ8�ªe,êâþD
�mãS,I��!:�êâCz��. �
`²
DDCDKÜ�{3¢SA^¥�k�5,��!¢�
òéT�¹eDDCDKÜ�{!PCCKÜ�{Úα–
LSKÜ�{�êâO(5?1'�. ¢�¥,À�3�
ØÓå©��?1KÜ,���L!:ÚÕá!:,
2éT��9Ù��19�æ�����Û�éØ�
þ�?1
'�. 3À���mãS,�!:�êâ
Cz��. 3PCCKÜ�{¥,��!:þD19�æ
����êâ�sink!:�,O����'«�!�
L!:ÚÕá!:. ��L!:ÚÕá!:23��
�10�æ���?1êâþD.¢�����Û�é
Ø�þ�Xã4¤«.

ã 4 ØÓå©��KÜ�Jé'
Fig. 4 Aggregation performance for different methods with

different starting time labels

ã4¥,�å©��, DDCDKÜ�{���êâ
O(5',	ü«KÜ�{�êâO(5þÐ.��
�19�æ���, DDCDKÜ�{�êâO(5��
',	ü«KÜ�{Ð,�O(5CzØ�.PCC
KÜ�{���êâO(5�Xæ����ØÓ,C
z��.Ì�Ï�PCCKÜ�{´ÏLO��ã�m
Sõ�æ���êâ��5�'Xê5ïþ!:�

m��'5,å©���À�é�5�'XêK��
�.

4.3 KKKÜÜÜ���{{{UUUÑÑÑ©©©ÛÛÛ(Analysis on energy consum-
ing of different aggregation algorithms)
�LªêâKÜ�{�8�´ÏLÀJÜ·��

L!:ÚÕá!:,3�½Ø�#Ne¦�UO(£
ãi�«�,�Uü$�äUÑ.Ïdé¢�¥�3«
KÜ�{?1
UÑ©Û.duKÜ�{Ì�«O3
�L!:ÚÕá!:�ÀJL§,Ì�©ÛTL§¥
�KÜ�{�UÑ.�â�'«��ïáL§,KÜ
�{�±©�©ÙªÚ8¥ªü«. DDCDKÜ�{
Úα–LSKÜ�{áu©ÙªKÜ�{, PCCKÜ�
{áu8¥ªKÜ�{. éu©ÙªKÜ�{,�!
:�Iuxa�êâ��Ø!:Ú1�AÓ�I�&
E�ÛÜq¤
!:. 3α–LSKÜ�{¥,I�ux
3Ó&E��Ø!:,!:UÑ�DDCDKÜ�{U
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ÑÄ���,�Ù����L!:ÚÕá!:ê8o
ê'DDCDKÜ�{����L!:ÚÕá!:ê
oê��õ,¬��êâþDL§¥UÑ²wõ
uDDCDKÜ�{�UÑ.éuPCCKÜ�{,3Ù
���'«��c,I��!:òõÓa�êâþD
�sink!:,±O��!:�m��'Xê,Ta�ê
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[7] VURAN M C, AKAN Ö B, AKYILDIZ I F. Spatio-temporal correla-
tion: theory and applications for wireless sensor networks [J]. Com-
puter Networks, 2004, 45(3): 245 – 259.

[8] RAJESWARI A, KALAIVAANI P. Energy efficient routing protocol
for wireless sensor networks using spatial correlation based medium
access control protocol compared with IEEE 802.11 [C] //Proceed-
ings of 2011 International Conference on PACC. Coimbatore: IEEE,
2011: 1 – 6.

[9] VURAN M C, AKYILDIZ I F. Spatial correlation-based col-
laborative medium access control in wireless sensor networks
[J]. IEEE/ACM Transactions on Networking, 2006, 14(2): 316 – 329.

[10] SHAH G, BOZYIGIT M. Exploiting energy-aware spatial correla-
tion in wireless sensor networks [C] //Proceedings of the 2nd Inter-
national Conference on 2007 Communication Systems Software and
Middleware. Bangalore: IEEE, 2007: 1 – 6.

[11] CARVALHO C, GOMES D G, AGOULMINE N, et al. Improving
prediction accuracy for WSN data reduction by applying multivari-
ate spatio-temporal correlation [J]. Sensors, 2011, 11(12): 10010 –
10037.

[12] YUAN J, CHEN H. The optimized clustering technique based on
spatial-correlation in wireless sensor networks [C] //Proceedings
of IEEE Youth Conference on 2009 Information, Computing and
Telecommunication. Beijing: IEEE, 2009: 411 – 414.

[13] MA Y, GUO Y, TIAN X, et al. Distributed clustering-based aggrega-
tion algorithm for spatial correlated sensor networks [J]. IEEE Sen-
sors Journal, 2011, 11(3): 641 – 648.

[14] BARRENETXEA G, HENRI D F, MEIER R, et al. Environmental
Data: Sensors [Z]. http: lcav.epfl.ch/cms/lang/en/pid/86035, 2013.

�ö{0:
��� ��� (1984–),I,Æ¬ïÄ),8cïÄ���Ã�Daì�

ä!êâ�q5, E-mail: eric f y@foxmail.com;

ÉÉÉ¨̈̈ããã (1955–),I,Æ¬,�Ç,Æ¬)��,8cïÄ���g

Ä£OEâ!Ôé�±9�U&E?n, E-mail: zhanyiju@mail.sysu.

edu.cn;

���[[[uuu (1979–),I,Æ¬,ù�,8cïÄ���Ôé�!RFID

�U£O±9�U&Ò?n, E-mail: wangyonghua@gdut.edu.cn.


