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Evaluation of a M obility Statistics Extraction Scheme
for Indexed Spatio-Temporal Datasets

Yuichi TSUKAMOTO'O O Yoshiharu ISHIKAWA O O Hiroyuki KITAGAWA 't
abstract

With the recent progress of spatial information technologies and mobile computing technologies, spatio-temporal
databases which store information on moving objects including vehicles and mobile users have gained a lot of re-
search interests. In this paper, we evaluate an algorithm to extract mobility statistics from indexed spatio-temporal
datasets for the interactive analysis of huge collections of moving object trajectories. We focus on amohility statis-
ticsvalue called the Markov transition probability, which is based on a cell-based organization of atarget space and
the Markov chain model. The algorithm efficiently computes the specified Markov transition probabilities with the
help of aspatial index R-tree. It reduces the statistics computation task to akind of constraint satisfaction problem
that uses a spatial index, and utilizes internal representation of R-treein an efficient manner.
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1. for each (co,...,cn-1) € Co X -+ x Cr_; dO

2. Scount :=0; Qcount[]:=0

3. fort:=0to7T —ndo

~7Cn—1) O

4. for : :=0ton — 1 dooids;
000000000D00000 :=range_query(cq, ¢t +1);

5. Scount += |ﬂ::01 otds;|;

6. for eachc,, € C,, do

7. otdsy = range_query (cy, t + n);

8. Qcountlc,] += |1, otdsnl;

0. end

10. end

11. if Scount = 0then break;
12. for eachc,, € C), do

13. output(cq, . . ., cn, Qcount|cy]/Scount);
14. end
15. end
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Procedure FC estimation(n, root, level, (Co, . ..

00000 max_dist)
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(Co,...,Cn): 00000000
mar_dist00000000000CCOO

Output: 00000000 Pr(cnlco,...,cn-1) 0O
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1. for j :=0ton donodes[j] := root;

2. Scount := FC_count(n — 1, level, nodes,

3. (Co,...,Cn_1)Omax dist);

4. Qcount := FC_count(n, level, nodes,

000oooooooog (Co,...,Ch), maz_dist);

5. foreach (co,...,cn) € Co x -+ x C,, do

6. if Scount{co#---#cn_1} > 0then

7. output(co,...,cp,

8. Qcount{co# - - - #tcn}/Scount{co# - - - #cn_1});
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Function FC_court(n, level, nodes, (Cp, . ..
Input: nOOOO0OOO
level0000O0OOOO0 ROOOOO
nodesUn 4+ 1000000000 nodes[j] O
uoooooon ¢, 000
(Co,...,Cr)0OOO0ODDOD
maer_dest0000000000O0O0O0OO
Output: countOD 000000000 OOOO

,Crn), maz_dist)

1. forj:=0tondo /OO00O0ODOOOOODOOOOO
2. child_set := 0,
3. foreach v € nodes[s].children do
4, if spoverlap(C}, v) then
/O C; 00000000000
5. child_set := child_set U {v};
6. dom[0][5] := child_set; //D0000000OODO
7. end
8 ::=0; /0000000000 DOUOOODOOODOO
9. whiletruedo
10.  if dom[¢][z].isemptythen /0000000
11 if i = 0thenreturn count; /000000
12. else
13. i——; continue; /0000000
14. end
15.  ése
16. new_val := getnext(dom[][¢]);
/000000000
17. inst[i].value := new_val;
//c;0000000000O0OOO
18. if level > 1 then
llinst{] 00000000000 DOOOOO
19. tnst[i].trange
:= toverlap(new_val.trange, [i, T — n + 1]);
20. elseinst[i].trange := new_val.trange;
21. end
22. ifi=nthen /000000000 ODOOOOO
23. if level > 1then /0000000000
24, for k := 0ton dorefs[i] := inst[k].value;
25. FC_count(n, level — 1, refs,{Co,...,Cn});
26. ese /O0000O00OO0OOOOODOOODOODOOO
27. countq{cell(inst.[0].value)#
-+ - #eell(inst[n].value) }4++;
28. end
29. ese /O0DO0OOODOOOO
30. if check forward(s, n, level, dom, inst, (Cit1,...,Cn),
31 max_dist) then
32. ++; /00000000000 ¢;4, 000000
33. end
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Function check_forward(z, n, level, dom, inst,
(Cit1,...,Cn), maz_dist)

Input: :00000000DOOO0OO00O0OO0R00000OO
levelJ000DO0ODOOO0RODOODO
domO0000D000O00 (Ciga,...,Cx)00000O
mar_dist00000000000DOOCDODO

Output: 00O snst[0],...,mst[{]0 000

instfi +1],...,inst[r] 0000000 ¢ruel
0000000 false

Notee 0O 0000 dore OO ODO0O

lforj:=i+1tondo /OOO00O0OOOOOODODO

2. dom[i+1][j]:=dom[{][y]; /CO0O0O0O00OOOOO
3. foreachv € dom[:+1][j]do /0000000
4. if (level = 0) and (inst[0].value.id # v.id)
then goto 15;
5. /[/vO0O00O0000000000O000OUooo
6. vrange := t_overlap(v.trange, [5, T — n + j);

oooo/ooooooood

7. if vrange = L thengoto15; // vrange 000000
8. if t_overlap (shift(vrange, —j), inst[0].trange = 1)
9. thengoto 15, 0/ 000000000 OOOODO
10.  if not sp_overlap(C}, v) then goto 15;
11. //vO00O000 ¢;000p00oooooooo
12.  if sp_dist(inst[t].value, v) > maz_dist x (j — 1)
then goto 15;
13.  /linst[i]value 00 v 00 57— 000000000
14.  continue;
/00000000000 0000 OODOO
15.  domf[i+ 1][7] := dom[i + 1][5] — {v};
[fvO0O0O0O0o0o0O0
16. end
17. if dom[i + 1][5] = O thenreturn false;
/O0000o0oooo
18. end

19. return true;

O 6: Forward CheckingO O O OO QO
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