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ε-approximate spatial-window aggregation 
algorithm in wireless sensor networks 
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Abstract: An efficient ε-approximate spatial-window aggregate query processing technique was proposed to approximate 

aggregate values over arbitrary regions with arbitrary accuracy. A dynamic programming algorithm was devised to com-

pute minimum number of data to refine approximate summation to reach arbitrary accuracy. The proposed algorithm was 

efficient to compute minimum/maximum values by only transmitting values promising to be in the exact results in order 

to reduce energy consumption. The experiment using real-world data demonstrates that the algorithms provide high qual-

ity results in arbitrary region and reach arbitrary accuracy with low energy cost. 
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 i∆′

!"�#$��%& i iO ∆′
U

'(� )*��

i ����+ iε ,-. iε ′
/0��)*� 1'(

SUM2%34����56��7. 

1

( ) ( ) ( )
C

i
i i i i i i i i i i

i

n O n O n Oε ε ε ∆ ε
=

′= − − − + − −
∑

%  

89 i k∆′ = �:;� ( , )i kδ <=� i����

� k�� !"56���7>?�@ 

( , ) ( ) ( )

( )( )

i
o i i i i i i i

i i i i i

i k n O n O

n O k

δ ε ε ε ∆ ε

ε ε ε

′= − = − − − −

′ ′= − − +

%

 (4)
 

�� i ���AB�� k �� �56��,
- ( , )i kδ / 

:;� ( , )opt i ε <=����� oε ε= �.CD

�EF��	
�� i�i+1�G�C�H	���

� 5��I-J/KL�.C��EF���M

NH	���� 5��I-J. (1, )eopt ε �

(1, )eopt ε OIP��QR L*
�ST�UOVWX�

P>YZ/ 
� e oε ε ε<�

[1 i C<�

\;� ( , )opt i ε ]^_
`abcd 

0
( , ) min { ( 1, ( , )) }

i ik n O
opt i opt i i k kε ε δ

−
= + − +

� �

 (5) 

� oε ε= \� ( , ) 0oopt i ε = /� i=C\�] 

( , ) arg min ( , )
k

opt C C kε δ= � ( , ) oC kδ ε ε−�

 (6) 

a(5)�efghi^dij ( , )opt i ε O� i�

i+1�G�C��k�IPl��.CD��� ε�

� i�i+1�G�C�5mInH�� ( , )opt i ε �� /
�0opIPlq� i�H	�� k�� �rs5
6��,n ( , )i kδ �KL� i+1�i+2�G�C�.C

D��� ( , )i kε δ− InH�� ( 1, ( , ))opt i i kε δ+ −
�� �� ( 1, ( , ))opt i i kε δ+ − UO� i+1�i+2�G�

C��k�IPl/ 

EA-Sum4tuvi^w=/ 

�� 1  EA-Sum 

procedure  SWAQ -Sum 

�xdyi SWAQ�z{2%�� q 

��d��|���z{}� SUM��~j�

���� εo 

1) �� $�������� W �4��

w�����%& 

2) ����z{����� 

3) 0����� i �k���~j Oi"�

�� a(1)[a(2)�a(3)�4���� i����

 %&

ˆ
iD
��� iε  

4) � )*�� �42%J
1 1

inC

ij
i j

SUM o
= =

=
∑∑

���5��

1

( )
C

o i i i
i

n Oε ε
=

= −
∑

 

5) return  SUM, εo, qid 
procedure  REFINE(qid, eε ) 

�xdSWAQ���| qid�EFD���� eε  

��: IP� ��QR  

1)  for  i=1  to  C 

2)    for  k=1  to  ni 

3)    � a(4)�4 ( , )i kδ �J 

4)  for each e oε ε ε<�

 � a (6)�4

( , )opt C ε  

5)  for  i=C  to  1 
6)  for oε ε=  to eε  

7)    #$a(5)�4 ( , )opt i ε  

8)      �� S $����� i �IP���
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( , ) arg min { ( 1, ( , )) }

i ik n Ok
i opt i i k kε ε δ

−
= + − +S

� �

 

  // 12~17 (d�4����H	���� 

�� 
9) l1=S(1, eε ) 

10)  eε ε′ =  

11) for  i=2  to  C  
12)   ( 1, 1)ii lε ε δ′ ′= − − −  

13)  li=S(i, eε ) 

14) return L*={l1, l2,G,lC} 
�� 1  EA-Sum4t�\�*��O ( )mNΟ �

�q� ( ) /o em ACCURACYε ε= − �ACCURACY .

��� ���/ 

��  4t0�( SWAQ ¡q�H	¢��

z{}���� '()*�9��w�����

%&. Q�� )*�\�*��O (| |)QΟ /4t

0�( REFINE� ¡q�£¤\�*���¥	
¦§O ( , )opt i j ��4�¦¨4t�3(\�¥	

©ª0� 5~8 (/� 7 (�4 ( , )opt i ε H	
( )i in OΟ − «34/� 6(�}¬®wH�«�

.m� ( ) /o em ACCURACYε ε= − ��q�ACCURACY

.��� ���/� 5(�¯¬®«�. C/

w°�4t5�3(\�.

1

( )
C

i i
i

n O m mN
=

− <
∑

/+

±w°4t�\�*��. ( )Ο mN / 

4t��²³¥	©ª0´µ ( , )opt i ε �
( , )S i ε ���*��. ( )Ο mC /¶·�4t¸¹º

»���¼¼-± ( )Ο mC � ( , )opt i ε q½¾(�½
¿À§JÁÂO½¾��¦¨�ÃH	��½¾J
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4t¸¹º»���È��5�� NÉÊ�ËÌ/ 
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� 
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ÐÑ�%������� %&. Oi�1 i C� �

/

�#$ Oi )*� s���� %& 1
ˆ ˆ{ ,i iD o=

 
2ˆ ,io L

ˆ }
iiro ������ )*!"���.

ˆ( , )i i iL D Dε ∞=
�1 i C� �

/¢w]��'(� )

*�Å°s���z{}w]���Ò������

�� %&

ˆ
wD =

1

ˆ
C

i
i

D
=
U /�������� .Ó

ÔJ�Á )*s��� .��J/¦¨���w

ÕÖ�� ¢×ØÙÓÔJ���J 2 Ú� Û

Ü/9� %& 1
ˆ { ,wD x=  2 , , }Nx xL ��q� 

i
i

i

i
x

i

θ
θ
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%

������������	 
�����

����������	 
�����

/ 

��Ñ � )*���J îθ
���. εi��

�J îθ
¢Ý�ÓÔJÞ�0° îθ

.qß�à�. εi

�z�}�¦¨�Å°á îθ
Çâz�� îθ = ˆ[ ,i iθ ε−

 
ˆ ]i iθ ε+ �r$ãÀ�

ˆ ,i iθ ε
<=/ 

^_° MIN ��.ä�uv��ÕÖ�å6

 ¡/¢±æ� A���z{}w]���Ò��

���� �b�x� %& 1 2
ˆ { , , , }w ND x x x= L

/

�%&

ˆ
wD qw]�� çOÓÔ��@èéê�
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Ö�� ¾\ØÙÓÔJ���J�@îïH	Ô

�I-Jw0z��1ð U�^ð L/UOw]Ó
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U u=
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ˆ
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i

i i

i
u
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θ
θ ε
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�������� 	�� îθ
/ 
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L l=
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ˆ
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i

i i
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θ
θ ε
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���������	
��

��������	�� îθ
/ 

I-JÞ�0z� [L,U]}�w°Å°$

min
ˆ

2

U Lθ += ���I-J���~jÈó¸�I-

J���.w]Åô�õI-J���b�%&

Candidate/ 

ij� ������ %&

ˆ
wD �4�I-

J���EF���@ö%& Candidate qAB�

%� �$��%��� ÷�z�[L,U]�%&

Candidate�e�I-J��EF��.ø/ 

å64tuvi^w=/ 

�� 2  EA-Min 

procedure  SWAQ-Min 

�xdyi SWAQ�z{2%�� q 

��d��| qid���z{}�I-J minθ̂ �

���� εmin 
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1) �� $�������� W �4��

w�����%& 

2) ����z{����� 

3) 0����� i �k���~j Oi"�

�� a(1)[a(2)�a(3)�4���� i����

 %&

ˆ
iD
��� iε  

4) � a(7)�4I-Jw0z��òÄ� U 

5) � a(8)�4I-Jw0z��ñÄ� L

�Åô�õI-J���%& Candidate 

6) �4�����I-J min
ˆ

2

U Lθ +=  

7) return  qid� minθ̂ �εmin 

procedure  REFINE(qid, eε ) 

�xdSWAQ���| qid�EFD���� eε  

��d��EF���I-J minθ̂ �%&

Candidate 
1)   while min eε ε>  do   

2)     �4%& { }ˆ| ,c i i wX x x D i Candidate= ∈ ∈

qI-J minx °� minx w0����| m 

3)     �����ùì�|. m �����
�� J mx  

4)      r$ mx ÷�� %& ˆ
wD  

5)      � a(7)�a(8)�4 D̂qI-Jw

0�z�[L,U]°�%& Candidate 

6)      �4� min
ˆ

2

U Lθ +=  

7) end while 

8) return  minθ̂ �%& Candidate  
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6.2  EA-Min ����� 
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