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A Network-based Indexing Method for Trajectories of Moving Objects on Roads

Kyoung-Sook Kim' - Ki-Joune Li"

ABSTRACT

Recently many researchers have focused on management of historical trajectories of moving objects in Euclidean spaces due to
nurnerous sizes of accumulated data over time. However, the movement of moving objects in real applications generally has some
constraints, for example vehicles on roads can only travel along connected road networks. In this paper, we propose an indexing method
for trajectories of moving objects on road networks in order to process the network-based spatiotemporal range query. Our method
contains the comnect information of road networks to use the network distance for query processing, deals with trajectories which are
represented by road segments in road networks, and manages them using multiple R-trees assigned per each road segment. Furthermore,
it has a structure to be able to share R-tree among several road segments in large road networks. Consequently, we show that our
method takes about 30% less in node accesses for the network-based spatiotemporal range query processing than other methods based on
the Euclidean distance by experiments.

Key Words * Network-Based Spatiotemporal Range Query Process, Access Method, Trajectory, Moving Object, Road Network
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N Trajectory Segmenlmz
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1. Get RoadSegments contained the shortest path
(1, 0.43,12)
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2. Divide TS per each road segments

4 ts17 1 (13, [0.87, LOIL [t, t']) , tsi2 & (14, [0.48, 0.92], [t', t3])

(r,087,4) | 3. Adjust MBR with offset and insert into RT

MBR,: ([0.87, 1.01), [t U']) MBR.: ([1.31, L75). [t ]y
RT, RT.
(28 6) A% MR el o

Algorithm 1: InsertTrajectorySegment(moid, pos1, pos2, BT, RT)

Input moid : identifier of moving object
pos), pos2 : two successive positions (tid, d, t)
BT : B+-tree for road segments
RT: R-trees for trajectory segments

Begin Algorithm
IF two positions exist the same road segment THEN
rs = GetRoadSegment(BT, pos].rid);
mbr = ComputeMBR(rs.offset, posl, pos2); / ([di. da}, [ti, t2])
InsertRTree(RT, rs.ptr, moid, mbr),
ELSE
rsList = GetShortestPath(BT, pos|.rid, pos2 rid);
nLength = ComputeTotalLength(rsList, posl.d, pos2.d);
speed = nlLength { (pos2.t-posl.t);
tsList = SplitTrajectorySegment(pos1, pos2, rsList, speed );
FOR ts;in tsList /15 (rid, [dy, da], [t1, ©2])
rs = rsList. Get(ts;.rid);
InsertRTreo(RT, rs.ptr, moid, AdjustMBR(ts;.mbr, rs.offset));
ENDIF
End Algorithm
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Algorithm 2: ProcessRangeQueryOnNetworks (query, radius, times, 8T, RT)

Input query : query point on a road segment (rid, d)
radius : query radius
fimes : query time interval [t), t,]
BT : B+-tree for road segments
RT : R-trees for trajectory segments

Output 7S : a set of trajectory segments

Begin Algorithm
quene =new Queue(); // for extending search spaces
VNList = new List(); // list for visited nodes
VRList = new List(); // list for visited road segments
rs = GetRoadSegment (BT, query.rid);
range = ComputeRange (query.d, rs.length, radius); // {d,, d3]
VRList. Add(rs.rid, rs.ptr, rs.offset, range);
VNList. Add (rs.snode, {(radius-query.d));
VNList.Add (rs.enode, (radms—rs length+query.d));
FOR idx=1tors.cnt
IF #s.adjancy[idx] is adjacent with start node THEN
queue . EnQueue (rs.adjancy[idx], rs.snode);
ELSE queue.EnQueue (rs.adjancy[idx], rs.enode);
ENDIF
ENDFOR // stepl so far
WHILE !quetue Empty ()
branch = queue DeQueue ();
node = VNList. Get (branch.nid),
IF node.radius > 0 THEN
rs = GetRoadSegment (BT, branch.rid);
IF rs.snode == node.id THEN
range = ComputeRange (0.0, rs.length, node radius); // [0.0, d2]
VNList.Add (rs.enode, node.radius-rs.length);
adjList = GetAdjacency (rs.adjancy, 1);
FOR each adj in adjList
quene . EnQueue (adj, rs.enode);
ENDFOR
ELSE
range = ComputeRange (rs.length, rs.length, node.radius); // (d,, length]
VNList.Add (rs.snode, node.radius-rs.lengthy;
adjList = GetAdjacency (rs.adjancy, 0);
FOR each adj in adjList
gueye. EnQueue (adj, rs.snode);
ENDFOR
ENDIF
VRList. Add(rs.rid, rs.ptr, rs.offset, range);
ENDIF
ENDWHILE // step2 so far
FOR each road in VRList
querySet.Add (road.ptr, Adjust(road.range, road.offset));
ENDFOR // step3 so far
RETURN SearchRangeQueryRTree (RT, querySet, times); // stepd
End Algorithm
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