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Discovery of Frequent Sequence Pattern in Moving Object Databases

Tt

Vu, Thi Hong Nhan'- Bum Ju Lee™ - Keun Ho Ryu

Abstract

The converge of location-aware devices, GIS functionalities and the increasing accuracy and availability of positioning technologies pave
the way to a range of new types of location-based services. The field of spatiotemporal data mining where relationships are defined by
spatial and temporal aspect of data is encountering big challenges since the increased search space of knowledge. Therefore, we aim to
propose algorithms for mining spatiotemporal patterns in mobile environment in this paper. Moving patterns are generated utilizing two
algorithms called Al MOP and Max_MOP. The first one mines all frequent patterns and the other discovers only maximal frequent
patterns. Our proposed approach is able to reduce consuming time through comparison with DFS_MINE algorithm. In addition, our
approach is applicable to location-based services such as tourist service, traffic service, and so on.

Key Words : Spatiotemporal Data Mining, Moving Object, Frequent Patterns
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Az99 Wi d9dz JFE. o =&dXe 7 A
A7 A AL AHEAAN 74 99 el Xt 744
31, 7+ 49& Y3 FHx e ERJAEE AIIH 1
A%z AHL 99 dolg9 Ad2EA Fgdr. 18y
g oA AAzA 22 AEZ YEUA R, F8314
23 ARE AT w2 2= eliminate) F-E W
B ALgste] 223 ARES AAZY oI I+
At olFAAY AL oidtraj = {p1, PP E B
dtc}h 71 pp2 olF AAY EJEE oJv|3tH, oid.traj
o HYEHL o]F AIPAEA moving sequence(oid.traj) =
<eliminate(eliminate (label(py), label(py)), - label(py)>Z A
oj g},

Ha A AdEE Y AHES] £47]7 max_span®] F
oA W, o]F A|A2E AIHo R FAstE 4G #HolE9
J2E7 "9tk &, ms=<cy, ¢, ,c>0lth 971A o ¢ -
¢-1& 7H4 A Do) 1, 1<i<q¥} cq-cl<max_span®] ¥t}
ANd2e K-d8doz #7149 K992 A5 Ao
o]F Al S1E A, 99 c19] ¢ oMol TR,
EE 498 o2 7180k £F S1 990] S2 99
o dUdEAN £A7F 29E REHE 5 7} EA¥G

(& 1) 0|34H FE2 HEME Hlo|EfH|o]22] of

oid vt X y
2006/1/30/ 7:00 10 0
2006/1/30/ 7:30 20 5

i 2006/1/30/ 8:00 25 7
2006/1/30/ 8:30 35 9
2006/1/30/ 9:00 33 13
2006/1/30/ 9:30 28 13
2006/1/30/ 7:00 18 12

o 2006/1/30/ 7:30 16 22
2006/1/30/ 8:00 16 29
2006/1/30/ 8:30 18 35
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F2 S4 = <cl 2 3 5 c>9 AE A|F27} HA X

ABAE2Y AZE MS = {msy, - msm)2 7H3 34k
Zt ms; 2 olF Al¥2 HE 1< i < m °oth AlE2 ms
o AAEE msE ¥isle BE AF2EY YFE A
g 5 g AREA7E BAR HA AAE(min_sup)= &
NEAE BEse F3) groloh w Ad2 me7t AAE
(ms)=>min_supE TEATHA, o] AL W A|AA2A A9
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Trajectory of a tourist
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Py(x1,¥1,t1)
&

Pyxyyite) A

Py(%2,¥2.t2)

(@) Possible movement of a

sl cUject (b) Error ellipse

(d) Worst case
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Fue AYse ¥
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A ALY AHSsto A
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2 9814 PE i= (ax0)/(Sx/nx) +1o] o8] AR, A
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7t Ao] A9l 92Z A s LEH L 39 4% HA
o dairE AAe AL WEFHaY 4. ZE AN A
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33 o|SHA2 PxHE Uuts}
glojElulo] 29 & EZo o W dNXAI} o]Fo] A
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eliminate() 2 F&37] Ao AHEY AXE duts)
g dayl 7] Yot AEZ olF AAEY AAE 3l
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HE d& F Utk
oid vt Location
2006/1/30/ 7:00 o10 = = it
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o | =2000A/30/8:00 | 020 2006/1/30/7:30 | D20
2006/1/30/ 8:30 2% ol | 2006/1/30/830 | D30
2005/1730/ 900 DAl [:> 2006/1/30/9:00 | D31
2006/1/30/ 9:30 b2l oS e g e
0061/ 140 oy 2006/130/7:00 | oMl
o2 |==RROAL0/Z30. | D12 02 | 2006/1730/7:30 | b1z
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(a) Moving points converted
) (b) Result of generalization
into cell labels

(38 5) <Ixl & Litst
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(a) All cells the projected trajectory crosses
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(b) Trajectory generalization
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Fundtion MovingSequenceExtraction()
- DB moving ohject database
A reference map
r. cell size
max_span: trajectory's lifespan
Output: set of moving sequences (MS)
Begin

DIR[1:nx, 1:ny]«— PartitionRef erencePlane(A,r);

SortedDB « sort database DB by (oid,t)

D «Select from DB trajectories whose lifespan is during the time interval

max_span [statrt_time, end time]

MS « @ // initialize the set of moving sequences
For all moving objects oid in D sorted according to oid and timestamp vt do

Trai «DIR[prx pryls

PrevLoc 1. //previous location of moving object
For (i=2; i<=oid.numberOfPositon() i++)
If { DIR[pL® Pyl # DIR[pi1.% prayl H
Traj « Traj U DIR[pLx puyvls

PrevLoc « i
}
MS « MS «Traj
return MS
End

4. A3 AMBA HE EA

o] oM & FolAe Fqd AN Hojx dlojE
AzzyE W oF Ads AdEs P4
olF Al HHES *@ *6}7: dAE F 94 °l—r°111
. R HRAE RE Bds AAA FE galet Hof wg
Ads e iz L} oFitt. AlEd HY FAE 93
*1 Holejie] 27t F7124 AA AEA OidE ol83ta

£71% max_spanlel A FRES AT & 9
ﬁ_}_?]i/ﬂ & AR tE o] &3t

41 ol HALHel AlZH EH

e vlo]d o] ANZA AF27 ERAAA o] o]
2o A HHsA AgHE T ol HE HAZAY
ANd2E oiyt. gatA olF AFLEL Y JHES
eALsl7] Aol A E ok o] F A|BAE °o]F AlAx
o Aoe A A3 Aod € dv K& F, 7
ANA2e JREL ATHLZE A3 Ha, E7L F
) A1zt F7] max_span Wel &A%t & 2% Az F7
= 1 ¥} max_gap = [2006/01/30/ 7:00, 2006/01/30/ 10:00]=
olF A9 Ao g Ak FAst] EAH AA
A8zt oid & A olF AR~ JAFoE MAHE AE
BojEr} o]F Al¥2 AA-S MovingSequenceExtraction()
g E ol &3y, o] FE ofd daelF 1o AAT 7

(E 2) 0|5 A2 & of

oid Moving sequence
ol <D10,D20,D30,D31,D21>
02 <D11,D12,D13>

[Y12|E 2] 2E YL AL TS MY gD2|F

Function All_MOP()

Input:

- MS: set of moving sequences

- min_sup: minimum support

Output: Set of all frequent movement patterns
Begin

MS « MovingSequenceEstraction(D, A);

Fla set of frequent cells

For (k=2; Feq# @, k++)

Cx generate candidate k-patterns and Prune and update Mininfreglist
For all moving sequences oid in MS do
Increment counter for c€Cy contained in oid
Fx a set of c€Cy with c.counter = min_sup;
FMOP set of all frequent pattems in Fy

retum FMOP

End
=35t

42 Hle AL YN

o] =& Wlg AdxE F 7HA WP AT,
A MAE ZE AL AEA AT Jg ﬂl‘i‘a Ndz A4
olty. thi Aol o] F 7 Wl diaA AAS V&
Ei=g

°olF A l ]Eiﬁﬂﬂ*i-‘?‘—ﬂ =

3}7] 98] GSP 7]¥F AlLMOP ¢1a &g Agtsith sx
o HEgdM FH FEES AASN] Y8 ZE HA H
Hidk s e1Ql MininfreqList 2]2EE frAslojof 3t} 27

28 ¥u 08 P 449 A o A2Ed Q99 e
59 3 APS AzP P HYE LueF 214
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Function Max_MOP()

Input:

- MS! set of moving sequences

- min_sup: minimum support

Output: set of frequent maximal pattems
Begin

CandList «a set of 2-patterns
MaxFreglist «a set of 2-spattems
While (CandLigt # @)

Temp generate candidate sequences by joining Candlig with itself and Prune and update

MinlnfregList
For all moving sequences oid in MS do

Increment counter for c€ Temp contained in oid

CandList a set of ce CandList with c.counter = min_sup;

Update MaxFregList for all c.counter = min_sup;

return MasFregList
End

BE W sHe) Ak A4 Fel 29 Ad o]
7}t oA o] WY FE ok ol BHE 2

422 Ao E Ad2 dd QA

Hd W AE2 A8 S s Y8 o] dolH
e 2o 2E Hd WY 8 MaxFregList g AE
F718l3 38 98 CandList 2AEd] §AHch F1
e AL AlLMOPoIA 71¢d F1B JHES A=
I i3l FUst MaxFregliste BE ¥ld 2 sz} 7o)
718t #®oh. Max MOPIA AAHe FE AdsL
DFS_MINE [8]¢} ®]w3l7] 9js) Fr9| 4
1F 32 Ao W% AEx JEe A #
& Ao=2H, 48 zhoz o544 Afx Iy I
AANEE 7 A W g JES £85%80

l-)l' o é'.: =2

5. &g X 454t

of FANE AFZ AL mholde FoA, olFAY A
4e 9ot ALY LuAZALMOPSY 71E duEE
DFS_MINES} ¥ mg7b] dste] 71&@th oleld 498
Fato] of RN AR FueF] FANZE ST

B} 2839 AL FHE
DFS_MINE[8] ¢128&& 71 Ad dE S uf$ w2
WA387] 98 Depth-First-Search-like A2H< A3 &

nFEoZH, 7 Wi AT AF2 AL Y8 712
Breadth-First-Search-like HZHET A%< A7 &

ag|Foltt.

olgig 4% H7E Y35 All_MOP, Max_MOP %
DFS_MINEE C++Z a3ttt 23 372 Pentium IV,
256MB RAM 81 windows XPE 7|uo g 3ttt A
ol ALgE HlolEl= olF AAl dHole A7 <) A

(¥ 3 HO|H H¥de 28t mjeto|e

Symbol Definition Default values
D #of distinct objects
max_span Life of trajectories the same weekday
r Spatial extent
Temporal extent 2
L Average length of object
movements
re-sampling rate
R Qutlier percentage 3%
min_sup Minimum support percentage 9%
Vi maximal velocity 17m/s
grid interested region 1000 x 1000
| —e—D500_L10 |

—&—D1000_L10
=& D3000_L10

Execution time (sec)

21% 9% 7% 3%

min_sup

(32 6) ZcH Zol7k 23 HX 47t Ck2 olo|EfSo| ChE
AI_MOP &12|&e| g d1t

4E dojHolx, dojH AL &) AHEE FgvHE
<E >3 2.
Hole AL o dejdl os AAstATh HE 0% 24
Zﬂ ANES BT 0% AN 2 ZF2AA Ho 2ol L
7HAT} o714 S [2006/01/01:07:00, 2006/01/01:16:00]
o 2 d 124702 £4 717 max_spang IA 34
3, 7z AAe A XJEEL L-1 T L+A107HA W Ask Y
o}, dlo]g AlelA D500_ L102 500702 #A& 3 o) Ao
109] H# A7 E 9v|d,




1400
1200

1000 | —=——D1000_L10 ||

il D1000_L22
| s D3000_L10
== D3000_L22 |

800

600

Execution time (sec)

400

200

21% 9% 7% 3%

Min_sup

(3 7) zkzk 1000, 30007HS| HZ =0l CHEH Z|cH Zo| HE
(10 & 22) off chsk AI_MOP ¥12|E HE 21

70

m v o
gso . iVI:I7-pemerns ;
g4 Bpaters |
£ | Wopatens
320 H10pattems

10

o

21% %% % 3%

(3% 8) D500_L102| All_MOP

(2% 6)& A ZolE 1002 nAHAA L, 72| A3
4 500, 1000, 300001 thate] Al MOP ¢x2ES #4319
HAALAAE 7 (47 3%, 1%, 9%, 21%) W3] w2 23
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