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A Method for Optimal Moving Pattern Mining using Frequency
of Moving Sequence
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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 pattemns,
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 pattems 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 pattems 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 pattem 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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Input : D(Database ), C,(Spatinl Constraint ), C{Temporal Constraint ),
S(Start Node ), F(Final Node ), max_gap(Time Interval Constraint ),
Ls, (Spatial Level)

Cutput : 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,, C, S, F):

/7 Ertracting Set of Moving Sequence from D,
D, = SeqErtractor (D, max_gap );

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

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

Return Opt Path;

End

Fput : eurr N{ Current Node ), F{Final Node ), Dy, | Generalized Mooing Sequence |
Output : Node

Procedure Freq_Link (ewre N, F, Dy, )

Begin
subll= Search Sequence thal eontained Node currN and Node £ in Dy,
For each moving_sequence § € subl)
o= subset {eurr N, §); //Link from currN to nextN that connected with ewrrN
If e & C, Then "/ Set of Links between the decided Node and optional Node
C, add o
End If
ceaunt ++
End For
,,,,,,,,,, = find 2= sequence with morimum support Jrom C;
nextN = another Node that connected with eurrNom ¢, 0
Return nextN;
End

(32! 2) STOMP-F ¢32|&

Input = Dy, (Generalized Moving Sequence ). S(Sart Node ), F (Final Node )
Cutput . Opt Path

Procedure Opt PathErtractor (Dy,.. S F)

Begm
Prevd = null;
Opt Path = null;
nertN=5

While (next.V = F) {
Opt Path add nest N;
nert N = Freq_Link (nextN, F. Dg, . )
i
Opt Path add F
Return Opt Path;

End

(22! 3) OptPathExtractor ¥12|&

2 AEd HF o]F HHe FEHCL

421 HA A2 % <ngE : OptPathExtractor

OptPathExtractor 3= #HA olF #HdS +48h= 7
zte] &) HeL 37] Y8 Hzxo F¢H SE OptPath ¥
Zo] AAstn So AAY =8 24317] 918 Freq Link
g4 359

4.2.2 99 HH H8 FF 41elF ¢ Freq Link

9] HF Hde FE357] ¥ Freq Link #5%
OptPathExtractor 4ol Agwe A4 olF Al 3
gozig 2uAH S¢ =AY Fg EFse F& 9

(3% 4) Freq_Link ¥12|E
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Fd o ==2 7]Fe 2 3 A F& E£ste EE
2B o]F APx AFL FFsHA oA 1-Ho 1 A
& Z2Zg o)y (AL Fol 2ddt= 1-Hd v o
€S gAlg gjzix] ubE S8
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ke AA A2 AL 9s) durgoeg i Bol Ak
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55 vlwsgch va AP 913 Dijkstra ¢n2F2
A ke A A2E gAstuz & o, 23 Sl
A3 ==& PAlsld Ha 7FEA(AR, AT etc)E 48
e k= uE 23 A 2= wllM Hi 71FR vE A
e waor TR =3 A" gndFe 53X
7t HA A2E gHsnz & 9, F28 7HEA (AL,
AlZH ete)dl wEl £AUE AHE=E FHGE PoR
FasAh 48 z2d& 2% F9&A 2 100, 200, 300,
400, 500¥1 9] A2 gL T3 HH A dolHE EEdo
A3gho] wredsich A4¥E 98] Dijkstra Fn2E3 A
gnFe HFAEA A, ALE NELE AL,
STOMP_F ¢1gZ&e Hdeure 7|Fog 248t 5
Fojx o] AY A MFEANR AYE 7FeE P& w9
Aot EF A" 2xnYFY F¥ FezH tEAE
g HA Y £ 7] Gl 10~20Km F3h 20~
0KmTte g2 yo] Adsgct A Az g4 dug
FE52 AFE Hrle) A AY VEL He g4 A4l
AZh A3 Az HYAEE gez do Ags =
st ct.
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SDK 322¢% JDK 1602 AH&8t%, olF AH dole g}
Geometry H|o|E]& A7%37] #1844 Oracle 10g2 dlo]Efu]
ol& A2gE THAc A o]F HE F& Aol dF
4% #74& STMPMiner Al2¥S2 Pentium IV 24GHz
PCs 2GByte "Il wl®2]l& Agstgla, dlojeuo]x A
28|02 Pentium IV 20GHz PC$ 1GByte |9l o|®2]&
ARESITE EF A4S AE Geometry HOlEHZ AEA &
A 78 dlolHg =2 YEST doHE AMSAL, ol F
AA dolHE AEAle E2 YEHI oA gAEe &
q 715S 9089 oY dolHE AAst S99 ol
dolgle =2 HEHA PelMe mapgolyt #7174, a4
& =EE A% & x=oN o)F AFe 94X FRE
AEFNT bF <E = 45 37 AP o) &HE o]
g dlo]ele] foln, <E 5>& 4¥ dolgd i 54L&
tebdct dlolg e olFoM N olF AM F Di=
o] F7IZ} G MER SIAE vt

51 HE Z2 B ol Aj2te M5 Fot

22 gie glojAe] Hi A4t At & g FEd
W3 FEHoRE FUS T ¥y A2EL U
AF A2 84 100, 200, 300, 400, 500 & HAEE=E Fo
A3 o <E 6> STOMP-F$} Dijkstra, A" €31

FEo disiy A2 g4d gloidg HiF Aak AE
A4&¢ Aol

A% A3 Felrg 7E5AE 10~20Km 7oz 23

BSTOMP-F

BA(10~20Km)

OA~(20~30Km)
A

F F2 QA ¢ Bygon,

S22 Atg STOMP-F ¢xglde] £& 58S B
t}. Dijkstra ¢1e|E2 AfH oz 714 2 A e 7}
A=d, ol Dijkstra @agFo] F¢AHLE FHo2F
FAY Y2 ZE =58 dideR 3o 2 948 F
g3t7] wjelch A" guFe F$ FHER A AT
o] #ol7b AA vehi=d], 10~20Km F3He] AAFA| 7o)
20~30Km +7te] dAAAzZkRT ¥ F& A% S Bt
ol A" dngFe 54 Fexg 7FA ) wel 2HX
wiogel A W7t BUHAY FhHo gA oA
ke £7F Yol ALY Hojx oled At YEldt
A g3 FL AP0l A FoHE B4E A &5
9 A kB9 FoflA F& ATE BolAW dmFe
T e BE A9 v|std FHote ARE 7pxLr

& A" gagFol 7t

(E ) 95 YIS 8t M HolH RE
MOID DR Valid Time
X y
15440001 126962847 37533317 2006/10/14/11/12/02
15440001 126.970583 37536738 2006/10/14/11/12/53
15440001 126.970708 37541675 2006/10/14/11/13/50
15440001 127.003377 37502183 2006/10/14/11/14/01
(E 5 ¥ HolH §Y
diol8l % ol& ol% A F(N) o] % 7|3HD) duolE 7]
N4000-D1014-Gnode 4000 19 589 MB
(E6) YT Z2 Y A AIZH oE 20
FH3F STOMP-F A’(10~20Km) A’(20~30Km) Dijkstra
100 0.88 0.323 507 36.34
200 093 0.41 578 64.54
300 1.01 0.38 53 14536
400 1.22 0.39 496 32432
500 1.26 0.42 598 72434




olol diF AFE HHZZ FFAA Fd3A FAF
F gk &, Fel2g 7AFAE A9A A=t AT @
72%9 4%¢ F9dh= FL 89lolth. STOMP-F ¢

Fe Ao NuzE SAEe 43 T Y A=E
F2387) dgo WY AES gASE Ate] o fAg
22 A%E ngov, gA g dojge Fof w2 At
AlZko] #4-HE= 540l Atk

52 X =29 Mzl Oist M5 Hit

A Az AYs:= 4 gaaFo o3 GAd F2E ¢
vlibd A AR 2HYSAE H7kshs 71F 22, Dikstra
odqnalZe] #H3 Az A}EE 100%°)th Dijkstra 2iz]
ZL AxRY RE xEES Yoz st FHZ §4&
F387] g ojuldt AfoME HA HZE NG F
ot} o} <F 7>& STOMP-F$t Dijkstra, A" ¥12lE5
o el A= gl glojxe] A Zz2 HELE =
3 Axjolrt,

A% AFE B STOMP-F ¢1gdFe] A" &4xg&
H]3] Dijkstra €¢aelFol 78 248 g2 248 &
k. & STOMP-F €xdFel o3 S5 4282
A B2 7Mgtche s #@0% F U ol 24 o
Fo2 o)F WA ZYPH ol dHoleH AFozFEH {IY
7t 58 HUES dAoR HF F2E F4s7] Wi
HAF B¥o] E9dle A2 weA Fold £ o, ¥
A" 2a2EE 10~20Km 7N 7Hd A E7 "oA
A s, ol Faag A o8 Y WA =
EETE gAoR HR g4E sty o g4 ¥4
7b ol HAH ARE F& FEo] volzith mebA Felx

120 — -

100
9 [| [esTOMP-F
* 0 H H [®Aa=(10~20Km)
T i D A+(20~ 30Km )
I = |ODijkstra
%0 i

20 L

p LE L

100 200 300 400 500

(O% 6) 2N 4= ggx Hu

0|8 AMJ2AY BT

1]

0188 ZX 0|5 WE A 718 121
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6. 28 ¥ &F 67 RA

ol AAY X o]g dHoHE o|&3}e] Y &
Hopol A 88 4 UE ML JA 7 Au|AE AR
37] Y% ERog thgd AlF olF HE Al 7R
g A77F AgEo] gov, 7I1EY Hd #A AFE F
3 Aese] AFHoz AA4Y HEHR e AR 7k
Au 2 ofF njd|@ AAo|ct, o] ¥ =g
g olF Al o] doy FToRFEH EFHY At
9 F A e Ad g Hee F237) AT HA
ol Y wA} BA dis] AstAx, AAMAN A8}
A 79k Hujxe] Sgo8 HA olF HAHE FF
3l7] 1% STOMP-F 71& A8t Algte 7142 A
AANN 54 AL 717 olF A7 7MY &3 B
Z2E 53 o5 F UEE HH F2o s HE o
5 AES "@AlEy] 9% wHog AR AHE Alo)E
ol 3 A9 o]y dHolEE F MM} 7HF WA o
T A2E gl 4 Azg AAshe g udxs
ol &3 WAL Wolch At ZYdME Y BAIE
3= 9ol SeqExtractor A4S F3) |5 A o]
dolHE Af22 WA, AAe gt FUHIY
o] 94 BAE n2ste] olF A A HAd i
A3l FFEolMe F7 YutstE F3 Boh a&HoR
8 gAE 98 7 JAEF seid =8 AAFHA
ols #¥l S ©Alati= OptPathExtractor®t Freq link €42
T8 Y olF A FFIEE Z <nYFEL AA
2 Tt

STOMP-F ¢aelFel gt 43 {3 2= g o
o2 b3 @o] AMRE = Dijkstra 2ag]Ed A° dag
Fo ez HFAHQ deolHE s %S vl
h HA A2 &N dunFEY 45s Hriehrl 9% 29
71Ee Y Q4 Azt HH A2 FUEE figew §
Aok WA g4 A A7HE 71EeR A’ dd, Fead
7}EXE 10~20Km FHe2 e A gngFol /M F
& A AY TS oy HA A2E wAsx 2 8

BT AN Z=2 I8 M 2t

s3I+ STOMP-F A#(10~20Km) A#(20~30Km) Dijkstra
100 8325 78.36 90.14 100.00
200 8792 3134 8732 100.00
300 89,64 76.31 85.00 100.00
400 8.3 8.7 89.31 100.00
500 20.54 8264 92.14 100.00
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