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Abstract With the recent progress of spatial information technologies and communication technologies, it becomes easy to
track trajectories of many moving objects in real-time. To use obtained moving object trajectories for the analysis and pre-
diction, we need to accumulate given trajectory streams in an efficient and accurate manner. For this purpose, we propose a
mobility histogram construction method based on the Markov chain model. The histgoram is physically represented as a tree
structure and represents movement patterns in multiple granularity. When a new trajectory sequence is obtained, it updates
the histogram structure incrementally. We also show an extended histogram maintenance method for non-stationary moving
patterns using decay factors.
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Algorithm 1 insert_sequence(tseq)

1: 00 tseq: OODOOOODDOODO

22 {root 0000000DDDOOOOO }

3: node :=root; {node 00000000000 }
4 shift:=2(m—1);{0000000 }

5: foralli:=0tom — 1 do

6: forall j:=0tondo

7: node.count++ { 000000000 DOOOO }

8  c:=(tseqlj] >> shift)&0x3;{2000000 }

9: if (node.child[c] = NULL) then

10: node.child[c] := new_node(); { 00000000 }
11: end if

12: node = node.child[c]; { 0000000 }

13:  end for

14:  node.count++;{ 0000000OOODODODO }
15:  shift := shift —2;
16: end for
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Algorithm 2 est_count(node, gseq, levels, step)
1: 00 node: 000000O¢gseq: 0O0OD0OODODOO

2: glevel: D00O0O0O000O0O0OO

3: step: 00D00ODOOO0O0O00OOO

4: if (i =0,...,n 0000 levels[i] = 0) then

s {00ooooooo}

6:  return node.count;

7: end if

8: if (levels[step] > 0) then

9. {0DO0OO0000 }

10:  shift := 2(levels[step] — 1);

11:  c:= (gseq[step] >> shift) & 0x3; {00 00OOODODODO }

12 levels[step]--;

13:  if (node.child[c] = NULL) then

14; {0ooooooooooo }

15: count := node.count;

16: for all ; := 0 tom do

17: count := count /2tvelsll fnoDOOOOOOOO }

18: end for

19: return count;

20:  else

21: return est_count(node.child|c], gseq, levels,
(step + 1) mod (n + 1));

22:  endif

23: else

24: {4000000000000000DO0ODOOO0O }

25: count := 0;

26: forall c :=0to3do

27: if (nocde.child[c] Z NULL) then

28: count += est_count(node.child[c], gseq, levels,
(step + 1) mod (n + 1));

29: end if
30:  end for
31: end if
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Algorithm 3 insert_sequence(tseq)0 000000000

1: 00 tseq: OODOODOODODOODODO

2 {root 00000000 OOOOODO }

32 {000000+« 0000000000000 0O0D0O00O0
ooo¢oooo}

4: node := root;

50 shift :=2(m —1);

6: foralli:=0tom — 1 do

7.  forallj:=0tondo

8: if (node.count x A=t 2> ¢) then

9: node.count := (node.count x A\t=t') 4+ 1;
10: node 000000000 0OOOOO,
11: else

12: node.count := 1;

13: end if

14: node.count *= X\t=t; {# 000000 D0O0OO }
15: c := (tseq[j] >> shift) & 0x3a;

16: if (node.child[c] = NULL) then

17: node.child[c] := new_node()

18: end if

19: node := node.child[c];
20:  end for
21:  if (node.count x AXt=t > ¢) then
22: node.count := (node.count x \t=t') +1;
23: node 000000000 OOOO0O;

24:  else

25: node.count := 1;

26:  end if

27:  shift:= shift — 2;

28: end for
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