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Abstract With the recent progress of spatial information technologies and communication technologies, it becomes easier
to track positions of a large number of moving objects in real-time. For the interactive analysis of a huge collection of moving
object trajectories, we need to compute mobility statistics in an efficient manner. For this purpose, we propose an approach for
constructing a mobility histogram to summarize moving object trajectories. The histogram is based on a mobility statistics
model called the M arkov chain model. To help an interactive analysis performed by a user, we provide a mobility histogram
datacube-like logical representation and support an OLAP-style analysis. Since trajectory data is often received continuously
as a trajectory stream, we have to support dynamic histogram construction and maintenace. We introduce a tree structure
as the physical representation of a histogram and present a tree construction and maintenance method that efficiently works in
a limited memory space. We evaluate the performance and the precision of the proposed method based on experiments.

Key words mobility histogram, movement patterns, Markov chain model, incremental processing, approximated processing
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Algorithm 1 est_count(node, gseq, levels, step)
1: input node: 00 000,¢seq: 00000000000, levels: O
gooobDooo,step: D0O0O00ODOO
2:if(G=0,...,n,0000 levels[i] = 0)
/0 00000000000D0O0D

return node.count;

. else if (levels[step] > 0)
shift := 2(levels[step] — 1);
¢ := (gseq[step] >> shift) & 0x3;

3

4

5 /20000000000
6

7: levels[step]--; /0000000
8

9

0

/Ooobbo0o0ooo

if (node.childlc) = NULL) /00000000000
count := node.count;
for (1 = 0;1 < m;i++)

11: count := count /2'°v¢!s[l; OO ODOODOOOOO0O

12: return count; /000
13: else
14: return est_count(node.child[c], gseq, levels,

(step+Dmod (n +1)); /OOOOOOOOOO

15: else

16: count := 0;

17: for (c = 0; ¢ < 3; c++)

18: if (node.child[c] Z NULL)

19: count += est_count(node.child|c], gseq, levels,
(step+1)mod (n+1)); /OODODODOO0OO

20: return count; /00000000000
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Algorithm 2 Construction algorithm
algorithm CONSTRUCT_HISTOGRAM
O /rootOODODOOO
2: count :=1; /00000000 (10 root0O0O)
3 for (i = 1;0 < Wi+ +)
/0000000000
/MO000000000000
6:  (node, c) = find_node(root, seq); /root 000000000
gobooboobobooobooobooo
7: node.count[c]++; /0 000 0000000000000 0OOO0O

1: root := node_gen();

4:  seq :=seq-get();
5. buf_insert(seq);

8: if (count < N) and is_non_uniform(node)
9: expand(node); /ooon
10: count += 4; /O00000doodo 40000

11: save(root); /0000000000000

function find_node(root, seq)
1: node :=root; /O0oooood
2: shift:=2(m — 1), /ROODO0OD0O0O0ODOO0ODOO0ODO
3:for(i =0 <m — 1;5+ +)
4 for(j =0;5<n;j++)
c:=(seqlj] > shift) & 0x3;
if (has_children(node)

5 /0000000oog
6

7: node := node.child[c];

8

9

/0000000

else

/0 0000000000000 0O
/00000 200000000000000

return (node, c);
10: shift—=2;
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