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Spatiotemporal Moving Pattern Discovery using
Location Generalization of Moving Objects

Jun Wook Lee'- Kwang Woo Nam'!

ABSTRACT

Currently, one of the most critical issues in developing the service support system for various spatio-temporal applications is the discoverying
of meaningful knowledge from the large volume of moving object data. This sort of knowledge refers to the spatiotemporal moving pattern.
To discovery such knowledge, various relationships between moving objects such as temporal, spatial and spatiotemporal topological relationships
needs to be considered in knowledge discovery. In this paper, we proposed an efficient method, MPMine, for discoverying spatiotemporal moving
patterns. The method not only has considered both temporal constraint and spatial constrain but also performs the spatial generalization using
a spatial topological operation, contain(). Different from the previous temporal pattern methods, the proposed method is able to save the search
space by using the location summarization and generalization of the moving object data. Therefore, Efficient discoverying of the useful moving
patterns is possible.
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100 | 3] 150 | 209 [2002-10-10 10:4011 |2 R 9

100 4 550 425 | 2002-10-10 10:0451 | & & 7

100 4 510 430 | 2002-10-10 10:19:00 | # % 4

100 4 515 458 | 2002-10-10 10:47:00 | & & 5

100 4 517 477 | 2002-10-10 10:56°26 | B % 6

(32 4.4) LEHsE ols AlE22] of

OISZ4N| RIA LEISIE 0188 AISZE OIS IHE EAL 1109

)11

s50) Jdon dusisel Qi s olF AAxd

A& (19 44)90A BHeFE)

4.1.2 9% o5 A™ §hAL
e olE AW WA BES A geel A K @l
& AR

o Hlk 1-Al A A(frequent 1-sequence) THA] @ A A2 %
min_supE TEFHdE RE oyl 191 WMl ANHUAH
A8z wAo ).

e 71 AlfA Ak (candidate sequence generation) :
o] ©AlE "ol k>29 FH AHAAE AAstE @A
Hol7k k9 FE AAA Ciriz oA W AfAA
Fi18 2% F3 4A4%c

e 31 A~ 7}A A7) @7 (candidate sequence prunin
g ol HAE FE2 AMA Gol wsle] olF AlE2
olg] Hdtel diste] Hd) olF AA2 ¥ max_span
3 Ho Al 2 max_gap JAAE W3 ol F
Aol el HA AAL YAANE wHEFseA o5&
FARIC RN FR OARAZEE W APAE QA
= Aol

Wi o)% AW WAbE WM 1-AAARE o §ate] W
@k @Ae ARz O o4 B ¥e WAx Fu
Az A o Fu Adx AR GAE WA
o Fah

42 Al3Zt o|lS mHE EAL Z12|E MPMine

o] AdlH ol g zt whAlo] s duTFE 7t
FRER gEste Zledn (daeF 4D)E AFT olF
el gAl dnE]EQl MPMined 7MYE=g 743 7o
t}. MPMine% 12] 52 Jg o oA dolg 3t Al
4 AfxA, F NEAS, T Nd dwtst =& A
2, 73 A% dHeolg T3 AR Ha A A=A, F
o olF A2 e JAR, HAd AL 3F JAA 2 FH
A2 AAE QAR F& A3k AnEME AFIT olE H)
| g vrgsich dngFolA FR olF Ald~ 44
2 AR 7]e] E&HQ FAE A AHHEE o] &
24 aoyoz e AR $ Qo

(Fire]F 42)= AEd ols A doje el wiste]
3 od AEFTH QAR T AHES] olFAA g
9] olF AlA2E FF3 U= ¢18lF MovingSequence
Extract()e] ¥3d¢ #4AE 7HFisg 7lsd zod. §
2ql o] E A Heoly 3 RS9 2zt o]F Alflzel thE}
of Alztat A YAA min_dist, max_gapS THEFE
5 9] olF AF2E P ojm] HA A JAA
HE Al AAE et @9 olF ARLE A vhx
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B @AAE SCGeneralize() A4E ¥ F AW A US - new US (s, usid)

290 SCHo tiste] 7= Qust AAR gen thresh- US~ sl
old %9 Mg @22 Z 9§ olF AHL9 olFWE /M NBE R A
g oulg @t} FOR (i=2;i<slength ;i++) {

// Fd A7 A QAR A e
IF (sli-1], slil>max_gap) {

Algorithm : MPMine() MS=MS+US,;
Input : MODB : o544 dlolel 3§ AN 2 2 A2E B olF NHls A4
TP : A7t A2} ZA(temporal predicate) usid = getNextUsid() ;
MAP : W}7 A% "oy g US = new US(sid, usid) ;
SCH: 37 Ad A% US = Stil;
gen_threshold : 37t 7id dwst 5 YAA PrelC =i,
min_dist 1 32 A2 AR : }
max_span : A1 o5 ANA= ¥ AAA ELSE {
max_gap : Hd) A2 147 JAA / Bx AR YA HE
min_sup : 32 AAE AA IF (dist (s[PreLC], slil>min_dist) {
Output : MPRuleSet : A 3% o1 ¥ 2% US = US »slil;
PreLC =1i;
Method : }
/N7 AGZRAS U ol E4A dolH ¥ ¥4 ELSE {
RS « GetMiningRelevantData(MODB, TP ) , /AY AAE nEd AEs 89

PreArea = GeneralizelntoRegion
(S[PreLC), MAP) ;

CurArea = GeneralizeIntoRegion(S{i),

N AAAS B2 AR F4E B olF NAx 25 MAP);

MS < MovingSequenceExtract(RS, MAP, SCH, gen_ IF (PreArea < >CurArea) {

threshold, min_dist, max_gap) ; US=US+si];

Prel.C=1i,
J/ A ol Y WAt )
FMP « FrequentMovingPatternMine(MS, max_span, max_ }

gap, min_sup) ;

/AR AR AE vEeR A
RS « Sortby(RS, moid, vt) ;

}

// ol% AY A A4 M}s VS s US
= + :

MPRuleSet < GenerateRules(FMP, TP) ; ) ’

return MPRuleSet

/BT AE ASE A8 dwa 3

(2221F 41) o|F HE BA 212F MS SCGeneralize(MS, SCH, gen_threshold ) ;
Algorithm : MovingSequenceExtrac() ; retun MS;
Input : B
RS : o544 Holel A% (Z12|F 42) O|S AHL & YU2|F

MAP : w73 A% dolg J§

SCH : 37t A4 A%

gen_threshold : 23} g duwtsl 8 4AA
min_dist : A& A YA

max_gap : At A7t 7tF AR

Algorithm : FrequentMovingPatternMine() ;
Input :
MS:olg Adx
max_span : At o|F AlA2 HY AAX
max_gap : At Az 3F YA

Output : min_sup : A% AAE AAH

MS - dutstd o)F NEx JH

Output :
Method : sug ®
MS = empty ; FMP : % o] % #¥l
M H
/2 IS AAe) ol ABzd ete) ethod
FOREACH (s IN RS) F) « {frequent 1 - sequence} ; /R 1A A A
{ FMP <@ ;
usid 1; /28] ol Ads A 27138 for (k=2; Fy ¥ ; k++)
PrelLC1; [/ olAe el A" 2 2718 {

/FR NAs BA
/] ANZE B Ald2 B4 Cx < GenerateCandate(Fx ;) ;
sid = getSid(s) ; /AR ZA R 7R X7 £




Fy < CountCandidate AndPrune(Cy, max_span,
max_gap, min_sup) ;
/Rl olF dA¥ &7t
FMP FMP F; with support value ;
}

return FMP ;
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AE 7MER=R 7)1 Aol

5 ¥ ¥ Wol
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2 BAZ A %= 71E gA duEEd d¥", o
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51 48 Hole] 44

<E 51>c14 AAIG vie} Zol A 7Y TEA
4L s Agdeld AAE A% =TEH JavaR T
#¥ IBM CitySimulatorg °] &3t 7]1& ©o|% dHeolg A
& AT olF velg I =AY 334 I
B A o] FatE A uldte Az HFHo| WS e
gt 49 dojg e AP 7|8 o5 doly AF
& Add Hge Peo A9 dolelE HEs}r] 45
G4 dHAEE Fale olF dHelg S A
AARE olF dole HAEL Oracle 89 Loaderd F3ho
DBMS4el Al gct olzjdt 48 diolg M4 2 HAS
AP =EFEN CHE ol &3 AF diolg A& 7E3
Ao 49 dioly 84 #74L Pentiumd4 15 GHz CPUE

OlsZA 2Kl LEITIE O1BT AIBZE 0I5 IHE A 1111

%3 Windows 2000M ¥ ol 2% dolg 47l 4
ge g ol FAAY F R ofF Az, o]F 7R Fo| ¢
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A ol g olF doly L AXNLAY AT AL
T3l Be{Ysa DBMSol HAH7 A% F4oz Hgd
¥ AEdr

A ke AP volH A4 F 4¥e A8 A&H=
getde WEEL <E 51>% 2t dHolH A A¥E
A Sy A, olF Y gald FEE MXe W
TEE U9 BEIAUT

(B 51> U5 WIE 9/& m2toly ¢

¢ 7 sieboE W o
N ols AR e 4
ol Ag D g 712
4 A M Ho oF 5
G 24 2AAEY 18
max_gap Hr) A7 27
min_dist Hx olF A
piie miin_sup HAx A=
max_span A olF Aldx ¥
gen_threshold aursl F&

524 7t

AE olF Y BA 71 A% HrkE $18le Ho
H A4718 B3 AAHE 7 49 ulolH Agd U =
AL <F 52>3 7o

(B 52) 0|& AlH2 S710 oj2 MY WHE 98 A¥

GOl Ed
A% [y [ an [ o2 [0
d9ele 9% olg [AA%| Aw | dels | nd | L

N | D a7 (G)
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ol AlfX o] Frlo we e FAe 584 EHe
<& 53>¢ Zo] 4¥ HyvEE dAs}d FYsg
olF Alf Ho] Frtdl wE Y FAre 284S A
A A QAR max_gap & FA AFIA AT @A
HAE 71 Ao w2t olF AR Aol Fig Aw
e BAE EANY F vt o A 4F dHolH
4% 7 o8 BAL o= AR dF HHd EAsim
2 max_gap W3 ME olF AFEx o] Frhe oy
7b ok ek AjZE @] Avlel ¥SE Fo &9 o
T AU Zolg FiAA HFsh
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59 W9 Fag 9%

tjo
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e
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