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SQR-Tree : A Hybrid Index Structure for Efficient Spatial Query Processing
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Abstract Typical tree-based spatial index structures are divided into a data-partitioning index
structure such as R-Tree and a space-partitioning index structure such as KD-Tree. In recent
years, researches on hybrid index structures combining advantages of these index structures have
been performed extensively. However, because the split boundary extension of the node to which
a new spatial object is inserted may extend split boundaries of other neighbor nodes in existing
researches, overlaps between nodes are increased and the query processing cost is raised. In this
paper, we propose a hybrid index structure, called SQR-Tree that can support efficient processing
of spatial queries to solve these problems. SQR-Tree is a combination of SQ-Tree(Spatial Quad-
Tree) which is an extended Quad-Tree to process non-size spatial objects and R-Tree which
actually stores spatial objects associated with each leaf node of SQ-Tree. Because each
SQR-Tree node has an MBR containing sub-nodes, the split boundary of a node will be extended
independently and overlaps between nodes can be reduced. In addition, a spatial object is inserted
into R-Tree in each split data space and SQ-Tree is used to identify each split data space. Since
only R-Trees of SQR-Tree in the query area are accessed to process a spatial query, query
processing cost can be reduced. Finally, we proved superiority of SQR-Tree through experiments.
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Algorithm : Insert(A4, ID, N)

1: C « GetCentroid(M):

2: [ « FindQuadrant(C, NV);

3: If (NVis a internal node) Then

4:  CN « child node pointed to by I

5:  CombineMbr(M, N).

6:  Insert(M, ID, CN):

Else

7: RN+« R-Treenode pointed to by 7;

8:  CombineMbr(M, N);

9:  InsertRTree(R, ID, RN).

End If
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Algorithm : Delete(M. ID. N)

C «— GetCentroid(M);
: I« FindQuadrant(C, V);
: If (Nis a internal node) Then
CN « child node pointed to by I
If (Delete(M, ID, CN)) Then
If (MBR size of N is decreased) Then
AdjectMbr(N);
End If
End If
Else
8: RN« R-Treenode pointed to by 7;
9:  DeleteRTree(M, ID. RN):
10:  If (MBR size of NV is decreased) Then
11: AdjectMbr(V);
End If
End If
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Algorithm : Search(QOW, N)
1: RESULT — ©Q;
If (N is a internal node) Then
For each entry (mbr, point) of N Do
If (mbr overlaps OT) Then
CN « child node pointed to by poinz;
Search(QW, CN);
End If
End For
Else
7:  For each entry (mbr, point) of N Do
8: If (7mbr overlaps Q) Then
RN «+— R-Tree node pointed to by point;
10: RESULT « SearchRTree(QW, RN);
End If
End For
End If
11: Return RESULT ;
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