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Trajectory Clustering in Road Network Environment
Ji-Haeng Bak' - Jung-Im Won™ - Sang-Wook Kim""

ABSTRACT

Recently. there have been many research efforts proposed on trajectory information. Most of them mainly focus their attention on those
objects moving in Euclidean space. Many real-world applications such as telematics, however, deal with objects that move only over road
networks, which are highly restricted for movement. Thus, the existing methods targeting Euclidean space cannot be directly applied to
the road network space. This paper proposes a new clustering scheme for a large volume of trajectory information of objects moving over
road networks. To the end, we first define a trajectory on a road network as a sequence of road segments a moving object has passed
by. Next, we propose a similarity measurement scheme that judges the degree of similarity by considering the total length of matched
road segments. Based on such similarity measurement, we propose a new clustering algorithm for trajectories by modifying and adjusting
the FastMap and hierarchical clustering schemes. To evaluate the performance of the proposed clustering scheme, we also develop a
trajectory generator considering the observation that most objects tend to move from the starting point to the destination point along their
shortest path, and perform a variety of experiments using the trajectories thus generated. The performance result shows that our scheme
has the accuracy of over 9% in comparison with that judged by human beings.

Keywords : Moving Object, Trajectory, Similarity Measurement, Clustering

.M B Hg ©u7le B2 st D vfE2(telematics) 7]

€% o] 8F UM BF FR AT, oF A= <, AF
2, 94 7] A\ A" B B2l 779 e F A 4R F9 9 Mul27t AFHD ok ol E A
2E¢& GPS(global positioning system)E& o] &3] A A

= F 2

o] RS A07d AR(ELAAAUY)] AQoz @IGEAEA } ¥ 4o = o o N7+ B
22 (KRF-2007-313-DO0G51, KRF-2007-314-D00221)34 44405 2 % {‘{EI toh 544 % ZW_'J 12 284 e U
RENATAFUY] he [TATFHE 2 Q(ITA-2009-C1090-0902-0040) A ARS AF ALE L3 Utk

20 u 09dts AARFAT B A4 A, olE A4 AuE REHOE AR R Bt 7]
Ling: aqdas qusien 9ot WEd B e A7 F3hEol BT T, 2 2, %)
EEUT 204 14 gﬁzﬁ; 23 AFANE Foid oF AA Y AN FAR AHE
AASE 200 38 29 AN B 2Y2HYED, o8 £ FR P A AR



318 FEX2ES=FX D H16-DF HM3=(2009.6)

53 dAsd £45= AL Az 17, 26].

ol AAHE AFo] AAEHE F wE} FF2 = (Eucli-
dean) 749 #AAH £2 YEYA(road network) F3IF
3o AFe2 FEY F Uk diFE HAHd g A+
£ FrEElE FRAA 2449 33 FEKXyY) Ao
EEHE o)F AAY AF HRE oz FIY=o g
o A3 AR 24 Yoz F2 FFHd= Ads
AHE-Ho}19].

e AA dEeig s 2N R olF AAHE
2 =2 YESA FHdo EAE, olF AAY I A
HE 9osy] St 1349 E2 AFRI} ALEA A
2o ABHo|n, F8E ARE AN F U5 18]. 4
€ 59, olF AA7} ‘FdF' e AUz YA ol & (F
Z15E58%, HS3T=UR)T 2o] 23y F3 HEER FF
e Zo] oflet ‘A2 EHsE Aol o AMAd
3ehs 28 3ozt & £ qUoh 2, fEes I
e dATFEe] E2 YEHI I dFE HEHD
slon, olFo] Age =2 HENI I olF A
o HH ARE FWHor R AF A9y sux d=
28 A37 AxE v Qo] 2, 20, 25). 28U fAL AF
A4 9 2 7o BF A+ obF v EF deolth

B e=RiME 2 HEHA F7H olF AA S dF
e A3 ARE Ao s AT F2HY 7
Yo diste] =%k o]F fste] WA, o]F A o]
2219 27 AR (xy)9 d2eg FHHAE FFH= T
I} g, 8 =FdAe AFE s olF AAzt Ay
e 2 HOYEESS d402 HPFTG O, =2 A2
HEQ Auzl 9 Zo] JRE oL FAIE FAH WAE
Aetgch FEIU= AYE F AHTY FAEY HE=2
o] g3l 7|&e] WAL T2 YEYA FHA ] HEEE
AL AYsA gk o F £, Agte AHEREZ F3QY
ols A< AH HF L2 Yoz oFd}E °F
AA9 AFE fFFIE= A € ol &3 FAEE F
Aile A4 F A3 M2 dE 228 AUk U=
E78 fALRE A2 #3dE F A7) WEelth

Agte FrALE Earol o3t 38 AHLY FAE A
BE 7Moo 2 7]&E°] FastMap(10]3 AF E22HE 7|
(1218 ol#3lo AH{EL Fej2HY It 748 2g=
Heol dad AHEA AR 2 AR 5§ 7 AHEAA
AFste ZZEE] A28E AAFozA Agd 7I¥e]
A S8 &84 A8 F UASE B £ 2
ERA AgE FAE §E o843 FeliHY £
ARE QL I 49e FYstn, Adse 71HY F
TRE AT

B =R AL g g A 23dAME F4 AF
< AAE7] A% 7189 fAE 3 WA S &748a, o
5 WA g =2 YES A HEHSs do A4 dstd
Aottt A 3 E B =FdA Aste AR FF
w3l o] § o] &% FAH WA distd Mgz, d
A SfollH BAg Fe2H Fuo §4 oF Bt A

43 e AA &8N dFEY olF AAE H A
& o839 FAATE S4L N A2E A 44
714 AL, o]FA BHE A dolgE o]fso
At F2EF 7Y di@ g A W7k AR
B Aoz, A 5= & =EE a%5tn FE
< ydd.

2, @@ HF

2 BoAE 71EY FAE FA HEL AR, o
E WA e =2 UEHYIY HEHE w9 EAF disto
A g

FEEE FHEA olF AA HAAE B9 AT 3 S
918t EU(Euclidean distance), DTW(dynamic time warping
distance), ERP(edit distance with real penalty), LCSS(longest
common sub-sequences), EDR(edit distance in real se-
quence) 59 A FFE ol &3 7I¥Eo| At vt A
[4-6, 24].

EU %42 Zo] ko F #AHo] Fojge o, A¥E +
ks F kA AFT FEE Y {FIE AYE T3
T Wolt. o] WAL {FAIEE FAEIIZF 4 Aol
w2t FHe] gle ¥, vuses F HAAHY Zol7t F
dafol Frhs Aol Qo AA S&oAME HAEY 2
ol7b FYU3A &7] wEo o] WP ALE WA ATH
ol

DTW %4[6]& 71E°] He AA9 A€o %A vund
AR HdES AL FEFE HAA F AHY FAHEE
A48k Wolch. tA] 2, HE b Zolg e A4
E Y RFAIRE S8 fAste AFUY 53 AE
FHE e 999 FubF HEAFNE AL FH L W
o} o] WAL va gl AHEY Zol7t MR BEx
g HoM EUSAY 93& 2gd £ o 28y,
2% g dolg gl o FZol uig s FR
g 4948 =% ¢ 7 dde 23 Aok

ERP "H4[4]& ot E Az](edit distance) 2o s)'2E]
% olfdd AAT RALEE SFs ol o W
A& vzsee AHE 0o F(gap)S L2 Hol7t
Mz e HAHE Y FAHE SHo| 7Hed v, 3ol
o) $- 97t &3e] ok EU, DTW, ERP W4 & 25
oo 9T fAE 5 WHolnE, #HY Y5 L
EH FHoA o] BAT 7HeAol =& A4 AAHE
€ ddes & 7% AT} doldge gl e ZAen.

LCSS W43} EDR %42 oja@ £AHL 2% U4
ojt}, o|& w4 FALol A& IFE FAA7 Astd
A AU AFT FE Y Zol7h FoiF FHEA R
o F HE/F ojAE AR AF 2y F R4
EE 0 EE 12 FA3 Hol A o7& BT fEel
49 grol welt fAL=S ghol 2t & dx, &
FALES] e 337 ofoe 9He| gl LCSS w4



[24]2 #gol 7 9FE Fol7] A8 dARE T /A
EE Asd F A& vastd F AX 43 FEol
Az HE 1g, 9A3A Fow 02 wEsin 7 44
o AEEL B & F 1 gto] YARLE Fo|A 3 EA
of £galx] £ad FLoz HFF o WAL N o
g Hol& ZE F AHNY fAE FAo] 7hedd e
of ojg ggo] A& wkA HAH o] ¥E LA =
aog Agrrt g @@ zZer EDR %46l
LCSSH4| 1 He WAL H|&a AT o] ¥4 dqHE A
2o 7lute Fa o F AHE dE AYE o &3o
Hla g F F Ao dXE 08, YAA %2d 1¢
uhgksle] FolA HEXuT 2 e ZE AFL fFAEHA
%oty guste Pyoltt. O 2, fAE SHE A3
o ddE A& AHEEH, LCSSHAH Hl&a A 03 19
P28t g e olfdd FAIEE AYESHAY, o WAL
LCSSet g2 #AFue & 3&3sta LCSS ¥Ang A
g3 FAE AFHE 2L F dE Fol

o5 MASL BE fEE FUL 7|yoE sug B
E=5oA fAoR e £2 YEHI B AdAe AF
T 49 AR SR AYSHA g4 =2 JESZ ¥
7F AolM e HHE olF AA7 (UL £ HIUEES
402 FHSY, o] Ay A4 FY £ A9
7b wiEA o2 A o Fdsle A¢e TARA ¥e

l}..

£ |m

3. Heotsts WH

& BlME 2 =8odA Adse AR FF @59
o§ 7|wter d= FHUXEHH 7Y diste] dEwch
A 31EdME =2 YEHIE diBo2 3t oF AA
9 AXE Bostzn, ALt 7Y 1€ Ade U9
o Al 324l M F AHRY FAE FHE fdte] £2
HIRESY Zolg A¥a FRE o|&F HEZE RAE
33 94 E A A 33"AME= S3E AFNY #

T2 UERZI BB8 2T AN 2HLEHEY 319

AlE ARE 7|90 2 FastMape o] 4% S AHH W2
< Actgt viAge g A 34"HAE Agtd FAEHY
714 $4 Eopz Fold A9 HAHIH {AE HAAL H
Ast7] A A A 71¥e Btk

31718 /iy

B =RdAME ol AA AHod AIHEY Az
9} Zoje] glxEY, T; = {(S,Ly), .., (Spl)}2E2 B
gk 9714, T2 AF9 AdAe3, S(1<j<n)E
AaHE Az L= AIHES Zeo|g Jehd s
tEo] #3 ZEs A AHEA B, =2 FR FE A
Aol o F7F FR2 A A, #¥ F Aok (3 D
& AR 589 oE Jehd Zo|th

2 =R Ae dolguo]xe ARE o5 d&F AA
HARE dgo e ARFHY Z2HF 71 distd
=8 o)E f5ld WA AAHE 19 FAIEE SFE7
A% FAE 33 FFE AQBL g, o] F ol gt &
A 2E A3 4 7+e] fALE9) FastMap 441018 o] &
3o AFES kALY A2 uPg F, o|Ed s
2 2HY L TR viAgez Fo|F Ao A o
st 1 F2HE A& Py A o AHe
714 & Aot

32 ®AIE &Y #=

Adste 71YdA AL EAEE EFHE AIUE
AEAEe f2ER2 FAHEY. F4R F ALY fAE
F3< st ALY AP 2 8ol AHEEHE ED
(edit distance) 42 °| &% & 3ot 22y vlade F
AR AIRE 57t M2 & BF fAEE AaUE
AE7E B AF osto] e weoh WA ED ¥4
of o3t fFAF AHE AME AL HE}A g 2
=EdME A4 Ti¢ 739 /AEE 49 F3 85
DSN(disimilarity with number)& ©]83to #4kgtd).

T8 T v FE AaYES e

DSNLT) = 7o gaaE A%+ 79 AadE A%

& 5o, (2™ D AXE] thste] DSN B <

..5.5 .......... _’s;
—
S ¥ Sy : S3 .| Sy o
1] i I
iSg iS10
S11 : i : S13
i 5 3
! [ Y- :
P PERSOR *
S12

Ti={(s1,2), (82,2), (83,2), (s4,2)}

To={(s1,2), (s51), (s6d), (s3,1), (54,2)}
Ty={(s1,2), (s8,2), (89,2), (s10,2), (53,2), (54,2)}
T={(s1,2), (s11,3), (s125), (s13,3), (54,2)}

(38 1) A =39 o



320 ZBEMEIEZI=FXID M16-DF HM3=(2009.6)

¥ A= e 73 ded 2o T T AadE
AFE 47 49 5013, Tyt Tp9] HFF AIUEE S,
Ss, S5, Ss, S0lE2 H]FF HIUE JiFE 5ol mebA
DSN(T}, T)=0560Ith. 2& ¥4ez2 RE ¥ djsid
DSNg #8344 o33 2o

DSN(T),T2)=0.56,  DSN(T},T3)=04,
DSN(T), T))=056,  DSN(T:,T3)=0.64,
DSN(T5,T4)=086, DSN(T5,T4)=0.64

T3 ¥EEE= Ty, T Tsoll ¥ ED H4e] &3 {4}
EE BT §Y@ 30z Fol 420 ¥, A td DSN
dhalol] o@ gk Aol AAIR viet Zo] Tyl disf Tiel
7H AR gHe B9 AA T3 Tye 358 AadE
7b o #7] "o EDl 9§ fHALT gtErt DSNe| o
FAHE gtel o 9ulzt flok o] DSN #aje] T #39
AIYE 759 & o83t F AHY AeE At
ot &, frAlx A4 Al ED 4o e o] F #AF
A4 AaHES AF7t B d99 & AHA 9%
#E FaAE + sk 22d DSN %4 94 g3 #
& FARE Zeo

1) AORE Azt ofx] R} A5ehe 7hAn FA}L

EE 2o vAHE AOIUESY Zo] JRE F
A& €k o8 Eol, DSN HAd ¢&o A4 T,
I To9 fAEst A3 Ti# Ty FAREZF 22 @
< Zed ol Tid T HFE AIWUE 7i+s
T3 Ty9 v13F Aa9ES 7157 F4387] 4&
ol &y (2 Dol uehd uigt 2ol Ty9 #A
8o Tp9 #AFo] Tyol o 24d Jos2 Ti#H Ty
7t 4 fAbetta @ 4 ok

2) 9% =28 dogs AIUEE Yre 7Ed ¢

2 AHo] EHE AINEY HAF7t GHARE fA
7t geba = ok A¢tE DSN 44 HadES
ol Gag @] o] st MIUET} thedl
AadeEz P¥se FHE A, FAE glel 1Y
Ogg @& 24 9o d§ E9l, (28 DA F #
3 Ti3} Tp9 DSN(T, T2)=056°]ck, weF, #A3A T:o
HIRE 52 3718 AlaHEZ EFEFHPHE DSN(T,
T2)=0647} Bt}

gty F AF FAIZE AIUES] AFeE o83
o Fosts dhAe JAsR o £ =RoAE o
EAEE 37 st AIUES ZolE o 8F #A
% 274 ¥4 DSL(dissimilarity with length)& #|<tgct.

79 TS ¥ FEAIDES Dol9 §

DSUT,T)= roqageges ¥+ TaATaEgelay

(29 19 Ao diste] DSL WA g FAIE &S
F8d g3 2ok T3t To8 A2WE Zojd §e 7%

8%} 100132, Ti} T8 H|3F A2YE Sy, Ss, Ss, Ss, S19
Zole] g2 100t} wetA DSL(T),T»)=0560]ch 2&
Ho2 RE #AFe dste] DSLE H 454 o3 2o,

DSL(T,,T2)=056,  DSL(T},T3)=0.4,
DSL(T,,T4)=065,  DSL(T>T3)=0.59,
DSL(T,,T4)=0.68, DSL(T5T4)=0.7

DSN #4ell 2§ DSN(T,T2)#% DSN(T,Toe fALE
go] FYE utHo], DSL %Ad] <@ DSL(T,T»)#
DSL(T,To9 #ALE &2 94E§S ¢ + vk &, DSL %
Aol ojste] AR Tk A4 Teot A3 Tid o /AR
< F4% £ Aok ALY DSL #AL F A o] TF
AIRES] A7t ¥R, AIYUES] Zol9 A7t AL 4
HES B fASL #ddic

Y, ASE P4 AIUEE Yre 7 ©BE A4
OYUE Jh5e] Wlo] 9Fe #A] Ko & B9, AF
T, T2 fFAE 54 A 9] AIUEE 32 $8E 2
Fol= 28d A A9 MIUES Zdojg F& AAY 2
ol 42 £¥ AR ZojhdA = WFe] gk weA £
¢ A% ¥ ¥9 DSL(T,TYY & 05622 FYdi

33 2YHAEZ uY

Al 32AoA ARFE FAE A F5E o] 83 Fof
A A AT FAR AFE VR e olF AAE AN
F o a8y B 479 FEFHLE AME F4 A3 e
Zej2HYstd Bk F48 FUE AHEAOA AT
Aol

A7 SH2EPld AR FAZE o439 A
AHES aFdste Ag D9, vk FH2HFY B
HolldE S22 FA F4og & & de FAHY
HHEHQ W7 o3 EAHE FANY gy AFH
o] AdiH AR FH2HE FATIHE FHHNFG=
71Fe] 253 A ol F EAHE AZAsI s B
Ao A FastMap[10]S ©]83t9 7+ #AA L kg F3H
4o & Aoz FEH F A A¥ES d&HE FES
Aoz FH2HyE FH3 oq, M= g Zelg #
= FHEL sy 9oz uFdAF7] Y B AT

£ A 3248004 Agtd DSL W4 o) Z4E F 4
Azt FAE @& ol g o7|AM, € DSL @& F
AHZ AYE orld

FastMape n7l9] AMER 2E ANAL A 57}
FolRe d, o] AAEE k(Y Fo Hoz P 7]
Holtl, FastMape ol43td, SHE F AAHTY AE
o] &3t HAHL 47 kY T3 Fo= (g F 9l
t}. FastMap® ©]€3l9 AL kxge] oz W Uy
< g&3 g

FastMapg ©l€3l9 Z #H & kalge & doz Wig
F, d89 kY HES YAor FH2HYS FYP



w4 10 AF T 7,29 A- DSUT;, T)9 @& FdA 713
2 @e 2t F A4 T T& 2Et AV, o8
F AHE T Traodt &

a4 2 2 48 (1 < i< n)e 98¢ A9 A8 T
Toea® 71202 3= ka9 T @02 vig e

_ DSL( T T,)* + DSL( Tointy Tysas)* = DSL( Ty T)*

T, 2X DSL( Ty Tot)

A 3 @A 20 o3 kol shWE T4 @EL o83 A
A T TR Ael DSUT, T)E obed Ao o3 A
Atk g,

DSL(T, T;) = \ DSL(T, T)* - (T*,— T*)*

B 4 kE 14 F7HA A A s s, ©A 1~-38 uE
s AF T8 (T, 7%, .., THZ Fdde k399
3 Hor wdsd,

(2¥ 2)& FastMapg o439 (28 1)9 AF L 23
ol Hoz ujAYF F olF 39 F2H=E FAT 9
g 894, o714 A3 T 239 A (016, 002 #AF T,
< 13 Egate dojh A T = 0163 23 W@l Ao
A A T9= 022 748 Aot &8 FAHY ZHE
B A7 7B =& T Tyl 22 28282 1§
sixo] gle AL FA¥ F

2 dFdMe FYHAHY AL Fitod doA FY=
Elo] i3t ARE 7+ 22H Cd dide Aa9E 29
AR S=<s, w>, .., <s, w>lSt AHER 29 Fw
U={u, .., u.te 748 7 AF Bl 9714, s&
3 F2g e £de AHE Yo THEE Z 4ad
EE ongy, e 32 YoM 3 HaHES vy
HEE ofudts 4 (3 &t doA,

A S

_ 2928 4 §F AaE g 2EV}
Fej2H W AH9 F

f’i’i}ﬁ AH e R @)
=

A& 50, (O™ DY Z4 AH dstd 228 #F
€ 733 oA C=(Ty, Tsiolx, & AH AHgA7L &

.

i T2027055)

T3(0,0.15)

T4(0.7,0.14)

(3% 2) 22426 o

S22 HERZ ZBE S AN SHLAHE 32

7} userl, user2ztd, Y AH Coll hE Al2HE 29 Fx
S={<sy, 1>, <s3, 1>, <sy, 1>, <3, 05>, <s5, 05>, <s9, 05>,
<sip, 05>}013, AHE-2F 89F AR U={user;, userz}°|th.

34 88

2 HolMe Al 33"A FAE E4EHY HaUHE
8% AEe} ALEz 29 FHE oG A AHe JHe
Aletste] At 7ol AA &8 FE3tA AEE
Aee B AR 7|HAAME FoiF Fe AF
¥ 4 AaUEE 7 E82H9 AIUE 89 AR
o] &2 AUES] 7tFA gkt vl wch

d& €°l, (¥ DVE%H F4E 282HY HIWUE
89 AR disted A9 AH Q={s;, sz sw s S5 ss17t
FojAH QF TASE & AaWEd dislq EH2HY
AIHE 8 HBE HAM3c Z AadES) ving Z
Zej2Ee HIUE 9% AU HF AIHES 7F
A gEe & Pz, 2 F MR ¥ 7MEA @e %=
Se2HE FA8 oA QU AIYUE s, s s, S,
s F2EH Col EAFEZR, ol s, s s10, 9, 89
HEAE 25 i 1+05+05+05+05=3¢] €t} t}L Q
We AaYE g, st F2H Gl EASEZ 71539
e 1+41=20|3, HIHE 52 F2H Coll EAsiez
VA & 1otk e #A3F Q% vig=HE S2HE
VA kol 7 € E82H Col ¥4 meiA Foz
A9 #AH sty FH2HE AT F7HH LW
E glo] 9] #HA vjA== FH2HE A4 & o

o, A9 FeaE g ddd AHEA AR 2 A
B & AR A A AAE & El, F¥2H C
de Ag AgelA FAR AHo2 $3U AR A B,
C7t EA3tx, 8 2H Cole 4 AgolA /AL AF2
2 FAQ AHEA A, B7F EA3dn AHAgdE, e
AHEZE C71 54 A9S JE8 35 282H G £%8
AHEA ASt B7b FAF A oA o] Fd AZE AMEA} Col
Al F3% F 3ok

4. 45 47

€ BelMe A A% B7HE Fito AlgE Fe2H
3 71¥el ddte TAE Fj2He FHEE PPHo=
A8 Al 418oME Y 84S d9sta, A 4280
Ae & =8dA4 Agd= A2 A4 44 71de 49
@t Al 43d8o M 4y 2HE 4 e

41 AY 84

2 dFidAME 48E 9Asted Jigd 2 YEYa 79
o A4 dlole] AA71E o83t 10071< 10,0007H2) #H
HolHE AAdste ALgslgitt =2 YEYA dHolgze
[911A 7035708 AaHEZ FAE 298 2(Oldenburg)
E2 YEYIE g2 ol ALgEA A4 dHolH



322 BEM2I2=EX D M16-DF H3=(20096)

AL 98t @87 =9 BXz =& 9o Mo
3F 1007hE AHgstgen, A4E AH dolHES Hd A
JUES JFE 5700H, FaF #AA ] Dol 3000]th

FastMap[10]& &3te] kit 4 FE2 ¥8d A¥E
S Bez A% E22¥ 3 (hierarchical clustering) 4]
[12]& ol &3td S8 2HZE FyPdch AF S2HI ¥
AL 7H fAE AAES §Y FY2HZ 21§38 3
Aoz dAH HEY AL Fste BE AMSo| s
o] FY2Hd £8 d7tx] Fe2HY JH L wEs = 9
Ao}, Aitd 7199 4% H/HE Asd fAE 59
oAg3 F2HYY YL E vlu BN AEx ¥
Ag @ vn o2t Al sty FAE Fe2H
A A

23S A% EYE o2 MS Windows XP Professional
& &9 AR A3 3, 1GBS F719 #A, 120GB t&
AE zHE Pentium IV 3GHze] PCE AME-3it)

42 HH 44|

A4 FRE o] 8F B AFEC] AYH 1 3oy g4
Fo] A4 AF doleH: 5317 of7] d&el dfie
ATELS AF A7 3] AAHE dolHE ol &3t gl
tHl, 2, 14, 16, 20, 25]. olo] wiel, B} AA ¢ 7H7E A
g AAE7 st o2 7HA AR AA7IEC] AFH
$oH3, 21-23). 2y diFE9 A AG7IEE fEE=
T viEo R HAH S A Wi & A7l 2
o] 2 UEHA WL Ao g Hfde gL
A 848 F Qi

gy, B ddAE 2 YEYa Fe giez 5
e A2E A3 dol”d 44 71¥E Agdd ALE 71
dAe AA olF A9 AU v&T AFE WA
Asto olF A FUAANN FHAA HAd =2 2
A LAdgE A4 AAlY 5HL Bdd olg 9
3o, WA S2¢A o} EHR ws7) FolAW oF
o g A2E AMsx, F4E Jd A2E FHe &
=57 AZ4He e o AINEES o 8dtd 53F
A w=A 228 F A 2 Hd A2E FAEA o
g A4 dolHz AAd ojuf, HA A F=e HAME
2d Ao 429 Ag A7t driy 2AsE AE &E
gog Axdste AA AQ HAAANAMY olF =8 A4
7] 9% go2 Agsich £ d7dAe Hd A2 FNE
93td= o] rEet ¢agF(Dijkstra algorithm)g AR
FoHT) <E 1> zicte #AF 44 gngFS B0

&8 %2 Fdd7] s dgo A 7HA g 18
gk AA, g9 ¥ wco] dZY RE HIUESY &
E @9 e 1ot} o= &F9 7|E i€ RE &E
gtel e 10] Hojot gt AL WEAF)7] HFolth
B4, HY A=29 FAE A2 HIUELTFE w2 &
§ 2 Ak ok =3 HG A2 EFPHE AIUE
o &g g2 g AIHESY v AHFHoR =2 @&

CE 1D AN MM gD|E,
@A I Y499 ko ddE 7 JaUEES EFdE 3
o A2 44 9 Ho|g FA§.
A A2 Zolg 28A<ce® Y F £98 24
g,

oA 2

@A 3 2% A A2 dfE g8 g Adgd
@A 4 g gl o el o]FE =28 deYd
A 5 AE HA g3 ANE ManEs ZHZelA A

itz

oe 877 xE7 B4 wEQ drix A9 oA
1~5% wHEat,

@ 6

€ 7HAk @t ot A4 A2 23T F2=2 $H0H
£ olF AAe 5L W] Agoltt riAgez &
HA xEd /AYATE HY J2E AT &Fo| ot
oF @t 532 xEd 77HATF olF Jed F29
FE FHojA1, AFHA HEZ G F2E FAd=
B2} FUSA ok 87| HFolct ol FE
Fo 248 WEd}E FEH S OSH 2o FYE

A I Ee] &8

1
(ﬁﬁﬂ AavEgEgsie i 29 %J.el""*“)
- 1
Ej'.’iﬂ AIREE EHEE AT AR Zo]™kl

gE4L 23 Hd =2 A8 A%t x=d A2
H Y99 AIUEE o] 83td FAHA k=4 =€ 7HeE
Aol 83 AMIVETL 22 dYsold 8L YE
o old (A AINEE TP} JTD P29 dojd =
Eo AZE A AIUEE o83 EHA x=d &
g 7b5d Hd F29 Zo|g LI rank(i)F MR A2
HEE o83 HY F2E9 Uolg 28AceE FE
g 3o £9& Uik A7, rank(i)el didtd A &
& 8= olfre Hd A2 2HYSFE O 52 §F ¢S
A &7] fAgeld. £, g5 E Ade AL #¥E A4S
ol 10] Sojof ot 2AF} 543 xEd 7AYESF
g Hd 72 EFH AE AIYUES &Eo] Ao}
goe =4S BEAIN7] Aol BA, ALE FE4
& oA AFE FE @& Fo A 2ol T A A =
4¢ BF BEAAY. & AgdAE AdE AF A7)
& o83t 100709} 1000070 #AHE AAsto] AHEETh

43 48 2o

AY 13} 4Y 204 = 226 L 5Y37] Ho) Fast-
Mapg A% HHo AYsE ZAFd= 2¥E F3
WA A 194 ALY FALE ¥ DSLE ©| 838
Ag A4 AXR Az o]} FastMapg o] §3tef 7
< kA FHde] Hoz WS W AH¥E T Al
Aol & o] 8¢ 2agE tgt ol st AMEFT



¥ ¥ (DSL(T, T) - BU(T, T )
i=lj=it1

22 =

nin—1)

92 AoH ne AA AAY sFE YvlEy, n(n—1)
olg AL {3 AA M HA HF B9 AF
g ugit, DSL(T,T)E Ate DSL #4& o83
A3 T T, B9 FAEE S gold, T8 T 4
A T:% T/& FastMapg °| 835t #ge k3 33439
AE @iy EUT, T)e d48d 7 A9 #2= A
g 9 giot

(29 3)& FastMape| g+ ¥3ld g 24EL &
A A4E 2 4F del"HZE 100719 10,00070 <)
vﬁa;l dolHE AHgdtgon X&& FastMapd H3# 4

F, YES 22488 Yeig AF Fid w29, 2o
ﬂa-? 2atgo] FAopAE AL & F Ak 100749 #
A dolgel Aol 103 oldolM 01 olste] A&
£ ®old, 10000748 AA dleleg Sl 5034 o4
oA 0.1 o]&te] &S BAh

A% 2004 AA AFE LY FAIE &997}F FastMap
o2 W Fo W3l JEAE APH o) F s #

o 74 [8 131414 HeJ¥ KSim& AH83ct

| o

[(u.v): .7y agree on order of (u,v), u = vl

KSim(n )= SlE=1)

A71M, n e ALE FALE ¥ DSUT,T)E o83t
g EHZ 3 Ao A4 A T AX T; 29 #
AR E3E 3 ANE FARE VFEeE w38 &9
Hgoly, 7, o]& F #AHE FastMapoll 95ta] katgl
T4 & Fog wEs AA 78 A T fAs
& wEedd & EU(T,T)E o] &sto] 33 3 A4t

=
-

|3t

n.—

TE UEHI BHE ¢

| |
o8

SLEE 323

g FAEE 7EoR &Hss &9 Aol KSime ©]
E 5 A 9 nolMe 499 FAE €4 (u, v 2
A 971 dAde §ES on)dic

(2% 4t FastMape] 94 Wste] g #He &
Ale 9] WEE 238 298 BUY X%E FastMapy
A95E JehdY, Y3 FAE 9971 ¥ske A4 v
€2 Yeiid, 4% ZAde] g2d i ide] F7HEel
wel fFALE &47 dEe AR 71 43 ghse
Ag &+ gl

Ay 13 Ay 29 Aol we} £ AP FastMap
o] W3 AU 0342 nAsL olF FHAHY A
& FPH

AY 3elM e A7 ¥ Adste 7IME o838t A
ojd FYAHY A JAFL vin BN I AT
dukel 59& didez £ AYPA AHEE lE 10,0007
ol A4 dolHE 5HFH 5077HA e FHAEHE FAEA
sto] dojz el A¢E 7MY Fe2EY Ao
g3 g 3L A% 71 Hx2 Fa 8 (1144
AE A APy FAE FY2HERY FAH FEL v
238 clusterdistanceS A&t

iﬁmin(dist(a_;, b))

i=1j=i

clusterdistance (A,B) =

S B =RoM AgE 2Y2HY /Ye AEsto
749 228 AF A=(a,,a5-0) % Aol 23l
F48 228 A B=(b;,by..b) 7 AL Fate
RO, o714 o9 bt Fe2H UF A% BE TAsH:

2 22889 FAROI dist(anb)E F FU2H 3

Ak a9 bt HFA= AE vtk 3, cluster-

I —w— 10000 —e 100 |
1
08
a.>\‘
e G\\
®
01
' *
o o *“u\,‘\x
us A
q \\
\
[T -
03 a.‘ \\n
i o \x‘..‘
b \
al w.‘
5.
: - SN oo %
'z 3 4 5 & 7 8 9 10 15 20 I 40 SO 6 70 8 0 100 150 20
Has

(3% 3) FastMap2| At S0l L2 X



P4 ZEM2/S2[=E2R D M16-DF HM3z=(2009.6)

|-—--—-1:mu o 100
1
0g |5
@\,\"\,
08 =
o O\
h\
o \Ia-. ‘\“\#\(
E .
gos 5 \
04 by
>
N E ’\L,
o q_\“ ‘\
(Y] i, -
7G'‘\\91e*e—A—e—A—e—A—:a\—A—o—A—’.S’e‘ﬂmlﬂtv
0
1 2 3 4 5 B 7 8 9 10 15 20 N 4 S 60 M 0 % 100 150 20
HuS

(38 4) FastMap2| X< st ME HHZY RAIT &9 g

|—-—lom|
w0 * W
0
Ew
H
w
Ly
m
80
50
o 15 2 5 £l £ 40 45 0
SHAH &

(2 5) SH2EHY 5 0| IE FYxo| Wi}

distancet= T F2FH JHUY FA AEE Uehdn.

(29 5)= 100007¢] #AA dlolgd] sty FH=E F
A ZF4E B ov A¥=E FHE FEZHUES
AHES ddoz Y F2HZ TAE A9 &S
Yetdt 48 Zdd g2d FY2H A4St FETS
e AYSE B0, FY2HY AF7E BotAE FG
E7b ga Heldg & F A 2y Adse 71Ee
%%l ge] E& AYEE Yehgo2n, Huy JYF 2
H2ede 238 28 F ASE ¢ 7 Y%

51 &

E =RdAE 22 YEHI IWFAAY oF AAE
& dez st EAAA fA A AN A% FAE
24 g5 % 2267 7184 Qg =3du o€ A
8 AA AAHE Z olF AAT A me} At E2
A1REEY P2EZ Ay, AHE olFE E2 A
HEES] oo A¥A HRE o8 AZE FAE FH
& Agsgch 226HPE Asde 34 AR %

o] FAIEE 719o g A& FastMapg o438 katel
TR HEE AMEE F, o] FULHIIE 7HS
Adae. £, 749 SH2EHYG A8E AHEA PR,
52 3R 52 A ABAA AT A A 7Y
& AANES At 71l AA &8l 83 AHEE
T A2 Bk
At 71 4% BtE A% & =RdME =2
HEHZ FHEAA olF AAE FLANN FHA7A 9
Hd A2 233 FAYU= L AAle SHE 0D
& AH BA71E AAeAT ol & ol &3] JAHE AFH
HolHES Wdoz F2EYL T AY 2 @
. 2 A¢E 71FE Al o3t #AF AHES S 2H
B3 Ael vlwdte] %B%ol e ¥ FREE BAG

gdag#

[1] V. Almeida and R. Giiting, “Indexing the Trajectories of
Moving Objects in Networks,” Geoirformatica, Vol.9, No.1,
pp.33-60, 2005.



[2] S. Brakatsoulas, D. Pfoser, and N. Tryfona, “Modeling,
Storing, and Mining Moving Object Databases,” In Proc Int'l
Symp. on Database Engineering and Applications, pp.68-T1,
2004.

(3] T. Brinkhoff, “A Framework for Generating Network-Based
Moving Objects,” Geolrformatica, Vol.6, No2, pp.153-180, 2002.

[4] L. Chen and R. Ng, “On the Marriage of Lp-norms and Edit
Distance,” In Proc. Intl. Conf on Very Large Data Bases,
VLDB, pp.1040-1049, 2004.

[5] L. Chen, M. Ozsu, and V. Oria, “Robust and Fast Similarity
Search for Moving Object Trajectories,” In Proc. Int'l. Conf.
on Management of Data, ACM SIGMOD, pp.491-502, 2005.

[6] S. Chu et al, “Iterative Deepening Dynamic Time Warping
for Time Series,” In Proc SIAM Int'l. Corf on Data Mining,
2002.

[71 E. Dijkstra, “A Note on Two Problems in Connection with
Graphs,” Numeriche Mathematik, Vol.1, pp.269-271, 1959.

[8] R. Fagin, R. Kumar, and D. Sivakumar, “Comparing top k
lists,” In Proc. Int'. Symp. on Discrete algorithms, ACM
SIAM, pp.28-36, 2003.

[9] FH Oldenburg/Ostfriesland/Wilhelmshaven, Network-based
Generator of Moving Objects, http://www.fh-oow.de/institute/
iapg/personen/brinkhoff/generator/, 2005.

[10] C. Faloutsos and K. Lin, “Fastmap: A Fast Algorithm for
Indexing, Data-Mining, and Visualization of Traditional and
Multimedia Datasets,” In Proc. Int'l. Conf on Management
of Data, ACM SIGMOD, pp.163-174, 199%.

[11] D. Goldin, R. Mardales, and G. Nagy, “In Search of Meaning
for Time Series Subsequence Clustering: Matching Algo-
rithms Based on a New Distance Measure,” In Proc Intl Corf
on Information and Knowledge Management, pp.347-356,
2006.

(12] J. Han and M. Kamber, Data Mining: Concepts and Tech-
niques, Academic Press, 2001.

[13] T. Haveliwala, “Topic-Sensitive PageRank,” In Proc. Int'l
Corf. on World Wide Web, WWW, pp.517-526, 2002.

[14] X. Huang et al., “The Islands Approach to Nearest Neighbor
Querying in Spatial Networks,” In Proc Int'l Symp. on Spatial
and Temporal Databases, SSTD, pp.73-90, 2005.

[15] K.-S. Kim et al,, “Fast Indexing and Updating Method for
Moving Objects on Road Networks,” In Proc IEEE Int'l
Conf. on Web Information Systems Engineering, pp.34-42,
2003.

[16) M. Kolahdouzan and C. Shahabi, “Voronoi-Based K-Nearest
Neighbor Search for Spatial Network Databases,” In Proc.
Int'l. Conf. on Very Large Data Bases, VLDB, pp.840-85l,
2004.

[17] J. Lee, J. Han, and K. Whang, “Trajectory Clustering: A
Partition-and-Group Framework,” In Proc. Int'l. Conf on
Management of Data archive, ACM SIGMOD, pp.593-604,
2007.

T2 WEYS BZE P8 AH SLHE 32D

(18] D. Papadias et al., “Query Processing in Spatial Network
Databases,” In Proc. Int'l. Corf. on Very Large Data Bases,
VLDB, pp.802-813, 2003.

[19] D. Pfoser, C. Jensen, and Y. Theodoridis, “Novel Approaches
to the Indexing of Moving Object Trajectories,” In Proc Int'll
Conf. on Very Large Databases, pp.395-406, 2000.

[20] D. Pfoser and C. Jensen, “Indexing of Network Constrained
Moving Objects,” In Proc. Intl Symp. on Advances in
Geographic Information Systems, ACMGIS, pp.25-32, 2003.

[21] Y. Theodoridis and M. Nascimento, “Generating Spatiotem-
poral Datasets on the WWW,” ACM SIGMOD Record, Vol.29,
No.3, pp.39-43, 2000.

[22] Y. Theodoridis, J. Silva, and M. Nascimento, “On the Gene-
ration of Spatiotemporal Datasets,” LNCS, pp.147-164, 1999.

[23] T. Tzouramanis, M. Vassilakopoulos, and Y. Manolopoulos,
“On the Generation of Time -Evolving Regional Data,”
Geolnformatica, Vol.3, No.3, pp.207-231, 2002.

[24] M. Vlachos, G. Kollios, and D. Gunopulos, “Discovering
Similar Multidimensional Trajectories,” In Proc. Int'l. Conf.
on Data Engineering, IEEE ICDE, pp.673-684, 2002.

[25] 0. Wolfson et al., “Moving Object Databases: Issues and
Solutions,” In Proc Int'l. Conf on Scientific and Statistical
Database Management, SSDBM, pp.111-122, 1998.

[26] Y. Yanagisawa, J. Akahani, and T. Satoh, “Shape-Based
Similarity Query for Trajectory of Mobile Objects,” In Proc.
Int'l. Conf on Mobile Data Management, pp.63-T7, 2003.

e
oy
2]

o X &
e-mail : oracle@zion.hanyang.ac.kr
20059 8¢9 uista A FE (A
20083 8¢9 @it HAAHFEHEAT
&4 A
Aok dlojejulo] 2= Al2d dlo]g w}
- o]y, ¥t dlo|Elulo] A/GIS,
ol A dlo|EHo]L/de ul
gx

o o

e-mail : jiwon@hanyang.ac.kr

199213 29 @ digtm AxPAEHEAL

19973 849 g A A AT (A A

20043 29 #Adigtw A=A (AL

2000 39 ~2004d 2€9 #Pofdtn wy

AEY BoAGRLs

2004 39~2006d 29 dAAMdigtn HFE A} AFuF

2006 38 ~69 MEUSR FHA oA TA YT

2006 T9~8 A FLdEn YRFAR dFus

TRk HoleHo]2 AlAF], dlo]E vloly, XML &4, vlol
& ARFE dojgjuo]~ Bl o] FAA do|E o]
2/ dyvjg 2



326 ZEXN2IFZ=EXID H16-D H3=(2009.6)

4 A=
e-mail : wook@hanyang.ac.kr
1989 29 M&oidta HFEFI(AD
1991 29 §337|ad dAba(AAh
19941 289 ¥=3}e7|ed HAadeta (e
19913 7€ ~89 ©|= Stanford University,
Computer Science Department &
a7
19943 29 ~19953 29 KAIST AR AAATA ARATH
1999 89 ~2000d 8¢ ©|= IBM T.J. Watson Research Center
Post-Doc.
1995 3¥~2000d 8¢ 7ZUchdn FFEHARFATHE §
L
2003 39~d A fSdidn YRJAGE nF
TRk dlojguo] A Al2g] A A28, EdAA #Be, d
olg] ulolygd, HE|mcjo] Ax A, F7+ do]E o]
2/GIS, 71934 delejulo] 2 oF A dlo|E
ol &/ uig 2 A3 AZAT £4, ¥ diolg &4






