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Abstract The TPR-tree is the time-parameterized indexing scheme that supports the querying of
the current and projected future positions of such moving objects by representing the locations of the
objects with their coordinates and velocity vectors. If this index is, however, used in environments that
directions and velocities of moving objects, such as vehicles, are very often changed, it increases the
communication cost between the server and moving objects because moving objects report their
position to the server frequently when the direction and the velocity exceed a threshold value. To
preserve the communication cost regularly, there can be used a manner that moving objects report
their position to the server periodically. However, the periodical position report also has a problem that
linear time functions of the TPR-tree do not guarantee the accuracy of the object’s positions if moving
objects change their direction and velocity between position reports.

To solve this problem, we propose the query processing scheme and the data structure using road
networks for predicting uncertainty positions of moving objects, which is reported to the server
periodically. To reduce an uncertainty of the query region, the proposed scheme restricts moving
directions of the object to directions of road network’s segments. To remove an uncertainty of
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changing the velocity of objects, it puts a maximum speed of road network segments. Experimental
results show that the proposed scheme improves the accuracy for predicting positions of moving objects

than other schemes based on the TPR-tree:
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Algorithm AdjustTree(Node node)

// Adjust the path for the parent because the entry has been modified

1 BEGIN

2 IF node is the root THEN return

3 ELSE

4 // Find the parent of the node

5 parent = GetParent(node)

6 // Adjust the entry of the node in the parent
7 IF AdjustEntry(parent, [node.mbb, node.id, node.Try]) THEN
8

9 Invoke AdjustPath(parent)

10 END IF

11 END IF

12 END

dna]Z | AdjustTree

Algorithm SplitAndAdjust(Node node)

1 BEGIN

2 /I Create a new node and distribute the entries

3 newnode = Split(node)

4 IF node is the root THEN

5 Invoke CreateNewRoot(node, newnode)

6 ELSE

7 // Get the parent of the node

8 parent = GetParent(node)

9 // Adjust the entry of the node in the parent

10 Invoke AdjustEntry(parent, [node.id, node.mbb, node.T)
11 // Insert the new node in the parent

12 Invoke InsertInNode(parent, [newnode.mbb, newnode.id, newnode.T:y])
13 IF parent overflows THEN

14 Invoke SplitAndAdjust(parent)

15 ELSE

16 Invoke AdjustPath(parent)

17 END IF

18 END IF

19 END

4 12lE 2 SplitAndAdjust
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Algorithm EuclideanRangeQuery(Node node, QueryRange OR, QueryTime OT)

Invoke EuclideanRangeQuery(cnode, QR, QT), where cnode is the childnode of

1 BEGIN
2 FOR cach entry E of node
3 E.mbb = GetExpandedMbb(QT)
4 IF E.mbb is intersect with OR THEN
5
node pointed by E
6 ELSE
7 Add for all entries E that intersect with OR to results
8 END IF
9 END FOR
10 END

418 % 3 EuclideanRangeQuery

Algorithm NetworkRangeQuery(Node node, QueryRange QR, QueryTime QT, ResultSet RS)

Calculate network distances Dsar, Dena and spending times STygm, ST.ns from the
Calculate remainded times RTgar = OT — SToart, RTona = OT — STema

IF TraverseNetwork(netsegment, RIu.r, NS) or TraverseNetwork(netsegment,

1 BEGIN
2 Candidate result set CS = EuclideanRangeQuery(node, OR, QT)
3 Network segment set NS = RangeSearch(QR)
4 FOR each moving object MO in CS
5 Network segment netsegment = FindSegment(MO)
6 IF NS contains netsegment THEN
7 RS += MO
8 continue
9 'ELSE
10

network segment for each side
11
12 IF RT > 0 THEN
13

RTena, NS) THEN

14 RT += M
15 END IF
16 ENDIF
17 ENDIF
13 END FOR
19 END

2318]% 4 NetworkRangeQuery
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Algorithm TraverseNetwork(NetworkSegment netsegment, RemindedTime RT, NetworkSet NS)

1 BEGIN

2 Adjacency list AL = GetddjacencyList(netsegment)

3 FOR each network segment netsegment in AL

4 IF NS contains netsegment THEN

5 return TRUE

6 ELSE

7 Calculate the distance D and the spending time ST
8 RT = RT - ST

9 IF RT > 0 THEN

10 TraverseNetwork(netsegment, RT, NS)
11 END IF

12 END IF

13 END FOR

14 END

2¢18]& 5 TraverseNetwork
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