018 ANEA0 BlEEE 0

ot ZH 0l IE A 71Y

13

DOI: 10.3745/KIPSTD.2009.16-D.1.113

ol E AP0 WEEE o[ §F HA o5 AW A A

-

o
L
1=
|__J
ron

e oF

7N1E9] 8 g} NPES AlFE A7 2 Ik el A tdd olF HEE T ohid] AR 8] A% Aew FAHE
BEAS M o]F RS PAlely] Wi SAAAE 1H) HA o)y AR AW AzF Ul 2AE AR g7 2 BFAA A
HE T A 2AS Zhe A ol WHS "AletE Bl HE517] offth old] £ =FolA= Wie ol A9 g delg
FozRE BIAQ A D T ALE 2 A olF HHS FAleH: EAE Hola, AL Jsd A 7Nk AH A2 HF olF AR
o slFsls HES BlEly] 93 A2 wE Bl 7]Wel STOMP-FE Aletatt), Alotd 7We EAe AHE Alo]E o] %3t Mo &
5 ZF AA7 7PF s olsd ARE s HY 22 AAs: Ju HEE o839 g WeR HA oF Y g} 39
o'y XA AA BANA AA A #I TG ko] 94 BAS mHste] ol A A HAd U Halg) FEelA e T3k o
ks B3 noh agd o vy gAE 3 4 gtk A WS Dikstra GuglE AT duES udeR Ad Huksk A9 AT g
2259 F 2 sheA e weh Aol gloy ik HE] AHE vEoR B dugsE Buh anAls & 4 Atk

N
0
In
k=]
ofn
i~
é
>=
0H
r\J
m
=)
m
o
k=]
oC
=k=|
rm
o
=
B
k)
oM
Hu
om
1=

A Method for Optimal Moving Pattern Mining using Frequency
of Moving Sequence

Yonsik Lee" - Hyun Ko™

ABSTRACT

Since the traditional pattern mining methods only probe unspecified moving patterns that seem to satisfy users’ requests among diverse
patterns within the limited scopes of time and space, they are not applicable to problems involving the mining of optimal moving patterns,
which contain complex time and space constraints, such as 1) searching the optimal path between two specific points, and 2) scheduling a
path within the specified time. Therefore, in this paper, we illustrate some problems on mining the optimal moving patterns with complex
time and space constraints from a vast set of historical data of numerous moving objects, and suggest a new moving pattern mining
method that can be used to search patterns of an optimal moving path as a location-based service. The proposed method, which
determines the optimal path(most frequently used path) using pattern frequency retrieved from historical data of moving objects between
two specific points, can efficiently carry out pattern mining tasks using by space generalization at the minimum level on the moving
object’s location attribute in consideration of topological relationship between the object’s location and spatial scope. Testing the efficiency
of this algorithm was done by comparing the operation processing time with Dijkstra algorithm and A" algorithm which are generally used
for searching the optimal path. As a result, although there were some differences according to heuristic weight on A" algorithm, it showed
that the proposed method is more efficient than the other methods mentioned.

Keywords : Moving Object, Spatio-Temporal Data Mining, Pattern Mining, Optimal Path Search
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(E 1) 0= 2|2l 0|3 HIO|E o
o X Y VT o X Y VT
4 166 2005/11/20/12/10/08 84 166 2005/11/20/12/10/24
108 146 2005/11/20/12/21/19 108 146 2005/11/20/12/27/15
121 133 2005/11/20/12/29/34 8 125 2005/11/20/12/36/34
. % 9 2005/11/20/12/43/36 6 % 9 2005/11/20/12/50/45
139 108 2005/11/20/12/56/16 139 108 2005/11/20/13/02/12
157 90 2005/11/20/13/04/%5 157 90 2005/11/20/13/10/54
191 81 2005/11/20/13/11/16 191 81 2005/11/20/13/22/24
26 66 2005/11/20/13/15/16 26 6 2005/11/20/13/31/14
8 125 2005/11/20/12/02/5 78 90 2005/11/20/12/37/43
% 9 2005/11/20/12/09/41 100 70 2005/11/20/12/45/39
116 87 2005/11/20/12/15/15 116 87 2005/11/20/12/53/%6
2 139 e 2005/11/20/12/21/13 7 139 ? 2005/11/20/12/59/34
157 90 2005/11/20/12/26/15 157 90 2005/11/20/13/16/14
191 81 2005/11/20/12/33/34 191 81 2005/11/20/13/27/12
26 66 2005/11/20/12/41/45 26 6 2005/11/20/13/36/32
84 166 2005/11/20/12/33/35 116 87 2005/11/20/12/14/35
108 146 2005/11/20/12/54/14 100 70 2005/11/20/12/23/54
121 133 2005/11/20/13/15/11 119 52 2005/11/20/12/33/27
3 139 108 2005/11/20/13/29/12 8 134 51 2005/11/20/12/39/19
157 90 2005/11/20/13/43/36 163 48 2005/11/20/12/48/35
191 81 2005/11/20/13/52/29 191 81 2005/11/20/13/00/26
26 66 2005/11/20/13/01/19 26 6 2005/11/20/13/07/07
% 9 2005/11/20/12/10/06 150 169 2005/11/20/12/31/53
139 108 2005/11/20/12/20/54 156 160 2005/11/20/12/34/24
157 90 2005/11/20/12/28/29 148 134 2005/11/20/12/42/34
4 157 53 2005/11/20/12/39/38 9 173 108 2005/11/20/12/49/%5
163 48 2005/11/20/13/00/27 199 108 2005/11/20/12/56/43
191 81 2005/11/20/13/12/06 191 81 2005/11/20/13/06/16
26 66 2005/11/20/13/20/46 26 6 2005/11/20/13/12/15
121 133 2005/11/20/12/15/45 19 166 2005/11/20/12/15/04
% 9 2005/11/20/12/22/54 182 151 2005/11/20/12/20/43
. 139 108 2005/11/20/12/34/07 o 173 108 2005/11/20/12/29/48
157 90 2005/11/20/12/45/46 199 108 2005/11/20/12/34/23
191 81 2005/11/20/12/55/15 191 81 2005/11/20/13/20/%6
26 66 2005/11/20/13/04/33 26 6 2005/11/20/13/26/00
(E 2) HH2] 0| AIEA FE O
[0l= el oz dlolE]
on| X | v VT op|UsD | X | ¥ VT
% | 9 2005/11/20/17/10/05 S4 | % | ® 2006/11/20/17/10/06
139 | 108 2006/11/20/17/20/54 ’ divide/L s4 | 139 | 108 2005/11/20/17/20/54
157 | % 2005/11/20/17/28/29 = s4 | 157 | 0 2006/11/20/17/28/29
4 [157 [ 2006/11/20/1773938  H 4 | s4 157 | 3 2005/11/20/17/39/38
163 | 48 2005/11/2018/51/21 H__| S5 (163 | 48 2006/ 11/ 20/ 18/51/27
107 | 8 2006/11/20/19/12/06 | S5 | 191 | 81 2005/11/20/19/12/06
2 | 66 2005/11/20/19/20/46 s5 |26 | 66 2006/11/20/19/20/46
B | 9 2005/11/20/18/37/43 — 8 | .| w 2005/11/20/18/37/43
100 | 70 2005/11/20/18/45/39 ’ dmde/L S8 | 100 | 70 2005/11/20/18/45/39
116 | &7 2005/11/20/18/53/26 [ S8 | 116 | &7 2005/11/20/18/53/%6
7 [139 | 72 2005/11/20/18/59/34 1 7 | S8 | 139 | » 2006/11/20/18/59/34
157 | % 2005/11/2021/16/14  H__| 59 157 | 0 2006/11/20/21/16/14
107 | 81 2006/11/20/21/27/12 T 59 | 191 | 81 2006/11/20/21/27/12
2 | 66 2005/11/20/21/36/32 s9 |26 | 66 2005/11/20/21/36/32




(E 3) EHMM H|o]HH|0] &

OID Sequence

MO1 <NI1 N3 NI15 N17 N14 N19 N20 N21>
MO2 <NI16 N17 N22 N23 N19 N20 N21>
MO3 <NI1 N3 N15 N14 N19 N20 N21>
MO4 <NI17 N14 N19 N24> <N25 N20 N21>
MO5 <N15 N17 N14 N19 N20 N21>

MO6 <NI N3 N16 N17 N14 N19 N20 N21>
MO7 <N30 N29 N22 N23> <NI19 N20 N21>
MO8 <N22 N29 N28 N26 N25 N20 N21>
MO9 <N6 N7 N13 N12 N10 N20 N21>
MO10 <N3 NI15 N14 N19> <N20 N21>

4.1.2 HAA ol% " &} 1‘—/_]_74]

M Jluke) H4 0% H gAbe AAY R4 5
3 AR oF Adx YFoErH AWAAEE A
g R 0% AAAE WA Yo, Fu AW
2 A% A4 wA, A 2 AAs 3E W, 24 ol
% 9 35 @A A4S AR AAAEE e 0
W oolE ARsE FH@ o B AAEE ABFE WAl
WS AAE At 2o, 2-AALE T Ed
AR o) AA EDAA ol dE &S Lehi)

[E4 1] 2 NBA BE WY B

(1) A4 0% AAs 4% MDBRRH 2 Adsg 7

Hohs GBS F 3 WAl Y] Selm nhAY 3

® A4 oF Aus Yde

[ 3] 215 0I5 WE %& £
5) [97] 1} [9] 219 42 AA A58 Aoy
W2 AAAES AMeR sk H4 oF

A& FEgh

0

m

0l AlEA0 dl

g4 E 0188 A

1A

0l

ofn

[

HES EEAL 71" 117

;

g D& 23A4d S7F Nlojx =2A4 D7} N2loj
1, <F 3> o] AHx JFoZHEH NIolA D21

= N o] 5 AAAE FALSE
(238 1)¢] PASS 1914 MDB
H N1 N21gES xgste 2 A8 18 G
it oo GE PEEE 4 Alfﬂ*A IHWH g

# g
WA BEE FEse] P 24
Az A3

[¥ bt e
oo o e o

AAksle] 2- =
<N1 N3>& © 3h7fjut A 5o Aﬂ% Elk!s /\Hﬂé
2 AA3
PASS 2¢]AE PASS oA FZs8 i 2-A|HA 29

<N1 N3>olA 28# 32 N3& A& &UA7y S0
A4 stal, MDBZY-E N33 N21 58 ¥3dsts TH A
A A GE FE3h PASS 17 7

2t Ao 1A e 29 A FES FE3)
Aﬁx—]g}ﬁ 7L ;\]342\9] ];(]J_E_
F2o] AJF2ERE <N3 NI5>9 <N3 N16>0] A==,
AAEZE Z42F 037 01017 W&ol AAE7E o & <N3
NI5>Z Hu Wi 2-AAx~2 AAs)

33, PASS 3914 & N159 N21 &8-S 7= 51 A
A= A3 GE 7438, G 4 AREEEREH F54
BE 2-AJfA2 <NI5 NI17>3 <N15 Ni14>of that A A =S
AMste] Fes TS Ao B 2-A|E 2] FE52
Az 3 RO 7 Alfzd g AAEE v

]

Hed, Fe 7 FiE 2-A8AE §Yd Ax
3]

N

T

fil
=X
p‘L
-~
1o
Y
=
— rm
e
5
>,
L
[~
il
e
e
et =
¥
& 2 g
> = e e

o
N
o
a
N

PASS 490] 4= PASS 39| F
JJr <N15 NI4>E 7|Hto =2 | A|AA
i, ThA| 1C49+ 204 2HE BE 2-ANHRES
g jﬂA AANEE AXtste] 1F,9F 2FE FE3} PASS

o)\ Z—Alfﬂit 1F9} 2F42] BE 2-A|fE 259
A% F 7ME & AALE 7HA= <N14 N19>7F
k. PASS 3 @9 Hd RIY 2-AE 2= PASS 4
Wk 2-AlW A7) N14E 23307 <NI5 N14>
Al F o 2-A g A2 AR ET

olz)d BA} AL wrEAHow F3sle] TR A
N21& Zdale Ao il 2-AF27F 2AEA &4} 33
= %hﬂr HEHoZ 7} PASSHA A4 o R 2-
AA=E 29819 shde HA olF djEls e (

g 1)01]%15 <NI1 N3 N15 N14 N19 N20 N21> Al 7}
7Hg A9 o]F dyor AAHh

—{J

E*‘*
)
N

1o my £

5ol
ﬂ,‘O_t.4r
=

w0

2l STOMP-F+= SeqExtractor
= &3 o]F AE2E A T thA] OptPathExtractor

relel 44 Az 2

o o
o
off
:Ll)\zt
B

é [
e
-3
>
)
[
il
= 'lN‘
e
ofr



18 FEMElSal=2X D M16-DT X1=(2009.2)

MDB C, . '
Next nodes that ]
Sequence Sequences Sequence ed with |
contained
<NI N3 NIS NIT NI14 NI9 N2O N2T=> Mland N27 | <NI N3 NISN I7NI4NI9NIONZI= PASS 1
<NI6NITN2ZN23NIONJON2I> | T—® | <N] NI NIS NI NI N20N2T>
<N/ N3 NIS N4 NI9N2O N2[> <NI N3 NIG NIT NI4 NI9 N2O K21 >
<NI7 NI N9 N2g= <N25 N2O N2 ] = =
NIS NITNI4NIGN20 N21> G ok
<NI N3 NI6 NIT N14 N19 N20 N21> f;’j“,':;‘t; Sequscg ::r::l ::g;*\:_"“j': pegucncell Seppol}
T Nao AT N —wie marwar— | N3 and 21 <N3 NIS NI7 Ni4 NI19 N2 N2 1> e <N3NIS> 03 PASS 2
Y T . - <N3 NI N14 NI9 N20 N2i> ——— | <Nn3Ni6> 0.1
<NG N7 NI NI2 NION20 N2 1> N3 NIG NIT NI NTI N2ON2E
<N3 NIS NI4NI9= <N20 N2 1> NI NSNS NIS> <N2ON2T>
Cy F;
Sequepced s Sequence Next nodes that Sequence Support
:\"5?‘:;::‘1'2 J <NIS NIT NI NI9 N2ON2T= ““""E;Tf; with NN | 02
> 15 N14 NI19 N2O N2I> ———> v | 02 PASS 3
<NISNIT N4 NI N2ON2I>
<NIS NI NID= < NG N2>
1C, T
Sequences Sequence Next nodes that Sequence | Support
\L,‘;";ﬂ::id_ ' <N17NI4NIGN2O N2> ‘“""eli‘f,f' with 0.4
- 9 N20N2I> 0.1
119 K24 N2ON2I>
17 N1 N19 N20 N2I>
<NITNI4NION2ON2I=>
2C Next nodes that 2k PASS 4
Sequences Sequence connected with
\;:r:?dm\i ; <NI4 NI N0 N2> N4
> <NI4 NI9 N2 N2J>
<NI4 NI9N24> <N25 N2O N21>
<NI4 NI9 N2O N2>
Cs Fe
Sequences Sequence Nextnodes that | Sequence | Support
:\";:“‘::::‘Z’d?l IO NZON2I- :u\lncu}cd with IO N0 e
> <NI9 N2O N2> “NION2A= | 0]
=NION2ON2I=
<NJG N24> <N25 N20 N2I> PASS S
<NI9 N20 N21>
<Ni9 N20 N2i>
<NI9 N2ON2I>
<NI9= <N2ON21=
Ce Next nodes that Fs
Sequences Sequence connected with
et and 432 N2 NI
- O N2 =
<N2ON2i>
<N20 N2T» PASS 6
<N2O N2>
<N20 N2i>

(O 1) s 7|8 & ol mE ErAF o
A FAFoR duststy] 9k shgoltt (1Y 2)9] o] A&H olF ol i3] Azt 7t
STOMP-F ¢18]5e 94, limitedDataSet -5 T&3H §3lo] o] AldA~
ol AA| "olgmo]zolA F7H E AIZF A|eF 7S vHES) T oitH R AEHYE A&5HQ
= olF AAY og dold JFE FErh limitedDataSet £ o] &ste Y EAE FdsldE §
e olF AA dolewo] 22 E FF R AZE e AZE &Ade) gk AIZE 7+ Ao x
Gt G & o183t G 3G goAA G AlR717E 52t o o224 ol dolHE £¥ste o]F AlAX
T AA L o] dHolEHE FET F A 7 Al 24 ojty. AAH olF AlEL dHolEHe ¥ ¢
S¢ F& ol&ste] el E4AHE 1+ olsd A ContainsE %3 o5 A@A~E FAE 7
Ao olg dHelHE FE387] g oty FEHE oY S dutglsit) dRksld ol AlEA H¥
doly g2 SeqExtractor 45 T&3te] 7} o]F A HS FE317] 938 OptPathExtractor 4

A ol

2 271 max_gap= A
to]E & A3t} SeqExtractor 3+

=

[

dlo] ]

A3a] dol



Input : D(Database ), C,(Spatial Constraint), C,(Temporal Constraint),

S(Start Node ), F(Final Node ), maz_gap (Time Interval Constraint ),

Ls,, (Spatial Level)
Output : OptPath

Procedure STOMP— F(D, C, G, S, F, max_gap, Ls,,)

Begin
PrevA = null;

//Set of History Data satisfied Constraint of Spatial and Temporal
D,, = limitedDataSet (D, C,, G, S, F);

// Extracting Set of Moving Sequence from D,
D,,, = SeqErtractor (D, maz_gap);

// Generalizing Region to Spatial Property of Moving Sequence in D,
Dy,,,,= Contains (Dm], PrevA, Ls),);

eq

// Moving Pattern Minging
Opt Path = Opt Path Extractor (Dy,,,, S, F);

Return OptPath;

End

(72l 2) STOMP-F &2

2lE

Input : Dg,.,(Generalized Moving Sequence), S(Start Node ).
Output : OptPath

F (Final Node)

Procedure OptPathExtractor (Dgye,, S. F)
Begin
PrevA = null;
Opt Path = null;
nextN =5
While (next N = F) {
OptPath add nextV;
nextN = Freq_Link (nextN. F. Dy, );
OptPath add F:

Return OptPath,;

FEnd

Iput : curr N(Current Node),
Output : Node

F(Final Node), Dy, (Generalized Mvoing Sequence )

Procedure Freq Link (currN, F, Dpyen)

Begin
subD = Search Sequence that contained Node currN and Node F in Dgy,,:
For each moving sequence S € subD
c = subset (currN, S); //Link from currN to nextN that connected with currN
If ¢ & C, Then // Set of Links between the decided Node and optional Node
C, add ¢
FEnd If
c.count ++;
End For
[

= find 2—sequence with mazimum support from Ci;

‘maz_sup

nextN = another Node that connected with curriN in c,

‘mar_sup’

Return nextV;

(o2

o

3) OptPathExtractor &1

2lE
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SDK 3.22¢} JDK 16.0& AH&3t9aL, ol ZAA dHolg <}
Geometry U|°|EE #3517 91314 Oracle 10g= tl|o]EfH]
o]~ AI~RlS TE3ITE A olF HEl F& el g
A% 74L& STMPMiner AlZ~¥1©2 Pentium IV 2.4GHz
PC¢ 2GByte ™%l WEe]E AM&etda, dlo]Elwo]x A
2d07 Pentium IV 20GHz PC& 1GByte W¢l HWEg=
AREEITE 3 AES 93 Geometry o2 AEA] 3
4 73 dolHe B2 UESA HolHE AR, olF
A7 "olHz MEAe T2 VEYA A drEe &
g 715E Skl olg diolElE AN F9E o]
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O =20~ 30Km }
O Dijkstra

100

200 300

B A dnelFel Y L

o2 AetE STOMP

t}. Dijkstra

MP-F
duEe 27

A =4], o]+ Dijkstra &

A3}

)
E44 AH2 2E wmg o
=
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Tolth A" ¢ag]
Hl,

o Aol 7} ﬂﬂ] UEh=T

51 "o Z= B it AlZke| & "It 10 A
Az Ao olde] BE AW RS 7 duenEe  20~30Km T ARAET B4 Fe 452 werh
3 BEHoR FAW I WG AREL daem @ o)t A dmelFel 549 Foag AFAY gk 214
A AR R 100, 200, 300, 400, 5009 S BAGES sl wFoze] A4 WA FuHAL FhEel B oy
24390 0 <E 6> STOMP-FS} Dijkstra, A° %3 58] 47h wolAAu Aol A oleld 237} e, =,
AFE A A2 WA QoA A G AE A QAT AUY0l Ba Heluw WS A0 S
AT Avtolrt G A2 we) FoA FE S HoAW, FueFd
29 48 FUaY ARAE 0-WKm FhoE A4 WA A5e LE A9l wad Aste 498 AALL,
(E 0 M5 B7I2 98 M8 HolE 3
NODE
MOID Valid Time
X y
15440001 126.962847 37.533317 2006/10/14/11/12/02
15440001 126.970583 37.536738 2006/10/14/11/12/53
15440001 126.970708 37.541675 2006/10/14/11/13/50
15440001 127.003377 37.502183 2006/10/14/11/14/01
(Z 5 A& Hole EY
dlole A olF olE A 4(N) °]%&7]13HD) AelolE 7]
N4000-D1014-Gnode 4000 19 589 MB
(E 6) BT FZ 2 oM AZH M8 Z
T3 STOMP-F A"(10~20Km) A"(20~30Km) Dijkstra
100 0.88 0.323 5.07 36.34
200 093 041 578 64.54
300 1.01 0.38 5.34 145.36
400 1.22 0.39 496 324.32
500 1.26 0.42 5.98 724.34
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