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The GR-tree: An Energy-Efficient Distributed Spatial Indexing Scheme
in Wireless Sensor Networks
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Abstract Recently, there has been much interest in the spatial query which energy-efficiently
acquires sensor readings from sensor nodes inside specified geographical area of interests. The
centralized approach which performs the spatial query at a server after acquiring all sensor
readings, though simple, it incurs high wireless transmission cost in accessing all sensor nodes.
In order to remove the high wireless transmission cost, various in-network spatial indexing
schemes have been proposed. They have focused on reducing the transmission cost by performing
distributed spatial filtering on sensor nodes. However, these in—network spatial indexing schemes
have a problem which cannot optimize both the spatial filtering and the wireless routing among
sensor nodes, because these schemes have been developed by simply applying the existing spatial
indexing schemes into the in—network environment. Therefore, we propose a new distributed
spatial indexing scheme of the GR-tree. The GR-tree which forms a MBR-based tree structure,
can reduce the wireless transmission cost by optimizing both the efficient spatial filtering and the
wireless routing. Finally, we compare the existing spatial indexing scheme through extensive
experiments and clarify our approach’s distinguished features.

Keywords : Sensor Network DB, In-network Spatial Query, Distributed Spatial Index
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Algorithm 1: Advertisement (AD(i))

1 If ( AD(i) exists in the candidate child list of j ) Then

2. Return;

3: Else

4. CPL(j) < j adds AD(i) into its candidate parent list
5. CCL(i) < i adds AD(j) into its candidate child list
6.  GA(j) < Calculate a grid address of j

7. TD(j) < Set a tree depth of j to TD(i)+1

&  For each sensor node S of SL(j) Do

9: S.Advertisement(AD(j))

10:  End For

11: End If
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Algorithm 2: ParentSelection ( )

1: For each sensor node CP of CPL(j) Do

20 If ( GA(CP) == GA(j) ) Then

3 If ( TD(CP) < TD(j) ) Then

4 P < CP is selected as the parent node of j

5. Else If ( TD(CP) == TD(j) ) Then

6: Dips < Calculate distance between j and BS

7 Dcpps < Calculate distance between CP and BS
8 If ( Depps <= Djps ) Then

9: P < CP is selected as the parent node of j
10: End If

11: End If
12: End If
13: End For

14: If ( P is null ) Then
15:  For each sensor node CP of CPL(j) Do
16: If ( GA(CP) is one of adjacent grids of GA(j) ) Then

17 If ( TD(CP) < TD(j) ) Then

18: P < CP is selected as the parent node of j
19: Else If ( TD(CP) == TD(j) ) Then

20: Djps < Calculate distance between j and BS
21: Dcpps < Calculate distance between CP and BS
22: If ( Depps <= Djps ) Then

23: P < CP is selected as the parent node of j
24: End If

25: End If

26: End If

27 End For

28 End If

29: CL(P) <= P adds j into its child list
30: P expands its MBR so as to include the MBR of j
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Algorithm 3: Searching (Area)

1: If (j is within Area ) Then
2. Transfer information of j to its parent

3: End If

4: If (jis a leaf sensor node) Then

5. Return;

6: Else

7: For each child C of CL(j) Do

8 If ( Area is overlapped with C ) Then
9 C.Searching(Area)

_

End If
11:  End For
12: End If
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