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Abstract For tracing tag locations, the trajectories should be modeled and indexed in a radio frequency
identification (RFID) system. The trajectory of a tag is represented as a line that connects two spatiotemporal
locations captured when the tag enters and leaves the vicinity of a reader. If a tag enters but does not leave a
reader, its trajectory is represented only as a point captured at entry. Because the information that a tag stays in a
reader is missing from the trajectory represented only as a point, it is impossible to find the tag that remains in a
reader. To solve this problem we propose the data model in which trajectories are defined as intervals and new index
scheme called the Interval R-tree. We also propose new insert and split algorithms to enable efficient query
processing. We evaluate the performance of the proposed index scheme and compare it with the R-tree and the

R#*-tree. Our experiments show that the new index scheme outperforms the other two in processing queries of tags
on various datasets.
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Algorithm InsertData(GI Lpew ) ]

1 Node rootNode := ReadNode(root id);
2 Node node := ChooseSubtree(rootNode, Inew);
3 InsertDatalmpl(node, ILnew);

(232|E 1) InsertData

Algorithm InsertDatalmpl(Node node, GI ILnew)

1 IF node have a room

2 Insert Inew into node

3 IF node is not root node

4 AdjustTree(node);

5 ELSE

6 Invoke SplitNode to obtain L. and R

7 IF node is root node

8 Create a new root node whose children are L and R
9 AdjustTree(L, R);

(222]Z 2) InsertDatalmpl

Algorithm ChooseSubtree(Node n, GI Tnew) —I

1 IF n is leaf

2 Return n

3 IF entries of n point to non-leaf node

4 Find entry e in n whose rectneeds least area
enlargement to include Inews

5 ELSE

6 TFind entry e in n whose rectneeds least overlap
enlargement to include Inews

7 Node child:= ReadNode(e.cp);

8 ChooseSubtree(child, Inew):

(¥31a|E 3) ChooseSubtree

Algorithm AdjustTree(Node n) ]

1 Node p := ReadParentNode(n);

2 Find entry e in p points to n

3 IF prect do not contains n.rect OR prect touches
erect

4 Adjust prect so that it tightly encloses all entry
rectangles in p;

5 IF adjusted AND p is not root node

6 AdjustTree(p);

Algorithm AdjustTree(Node 1, Node r)

1 Node p := ReadParentNode(1);

2 InsertDatalmpl(p, r.cp, r.rect);

3 Find entry e in p points to ;

4 IF prect do not contains lrect OR p.rect touches
erect

5 Adjust prect so that it tightly encloses all entry
rectangles in p;

6 IF adjusted AND p is not root node

7 AdjustTree(p);

(YD2|E 4) AdjustTree
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L Algorithm UpdateData(FI Iew) l

1 GI Lig = Liews

2 Loa.thigh = now;

3 Node [ = FindLeaf(I,q);
4 IF ! is NULL

5 Return FALSE;

6 ELSE

7 Find entry e in [ that contains g
8 Update e .[ into Inews
9 IF [ is not root node
10 AdjustTree(l);

11 Return TRUE;
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Algorithm SplitleafNode(GI T, Group gl, Group g2) |

1 Set tidNum as the number of tid in node J;

2 Set giCount as the number of GI in node I;

3 IF tidNum > p

4 Invoke RFSplitTID(I,ew, gl, g2);

5 ELSE IF giCount> k

6 Invoke RFSplitSpatioTemporal(lew, g1, g2);

7 ELSE /* IF tidNum < p AND giCount < k #/
8 Invoke RFSplitTime(lew, g1, g2);

(202lE 6) SplitLeafNode

Algorithm RFSptTID(GI Inew, Group gl, Group g2) l

1 Make k lists each list includes same tid value;

2 Sort k lists in increasing order of tidvalue;

3 Insert first k/2 lists to gl and insert the remaining
lists to g2;

(¥12|E 7) RFSpIitTID

Algorithm RFSplitSpatioTemporal
(GI Iyew, Group gl, Group g2)

/*RFSplitSpatioTemporal is similar to R*-tree’s split
algorithm except that tid domain is not considereds*

1 Invoke ChooseSplitAixs;

2 Invoke ChooseSplitIndex;

3 Distribute N+1 entries into gl and g2;

(2D2IE 8) RFSplitSpatioTemporal

l Algorithm RFSplitTime(GI Inew, Group gl, Group g2)

1 FOR EACH entry e IN 1 and lew
2 IF eis FI

3 Insert e to gl;

4 ELSE

5 Insert e to g2;

(¥12|E 9) RFSplitTime
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