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An Efficient Split Method for Indexing of
Moving Object Trajectories

Hyun-Jun Jeon

Department of Computer Engineering, The Graduate School,

Pukyong National University

Abstract

Recently, use of various position base services that collect position information for
moving object and utilize in real life is increasing by the development of wireless
network technology. Accordingly, new index structures are required to efficiently
retrieve the consecutive positions of moving objects. This paper addresses an improved
trajectory split algorithm for the purpose of efficiently supporting spatio-temporal
range queries using index structures that use Minimum Bounding Rectangles(MBR) as
trajectory approximations. We consider volume of Extended Minimum Bounding
Rectangles (EMBR) to be determined by average size of range queries. Also, We use a
priority queue to speed up our process. This algorithm gives in general sub-optimal
solutions with respect to search space. Our improved trajectory split algorithm is going
to derive minimizing volume of EMBRs better than previously proposed split

algorithm.
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Algorithm-1 : Optimal Split for a Trajectory
Input: A set of Trajectory’s Points(Py, Py, ..., Py), Query size.

Output: A set of MBRs that cover the trajectory.

I)Foreach [ (1< /[ <n)
Compute sum of EMBRs volume such that following holds:

E[[Oa n]= gg-ig(El—l[O’ J1+ELJ, ”]) ;

2) Select minimal sum of EMBRSs volume;

3) Construct MBRs corresponding to each j;
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Algorithm-2 : Improved Split for a Trajectory
Input: A set of Trajectory’s Points(Py, Py, ..., P,), Query size.
Output: A set of MBRs that cover the trajectory.

1) For each i (0<i<n)
Construct full split MBRs M, [0,n];
Compute EMBRs volume for merging M[i, j] with M[j,j+1];

Store KE Y( 4

. joy i @ priority queue such that following holds:

KEY; ;= Eli, j+1]-(E[BFI+ELj, j +1]);
2)While (KEY, , in the root node of the priority queue is negative)

Use the priority queue to merge the pair of consecutive M,[0,n] that give

the biggest decrease in EMBR volume;

Update the priority queue with the new merged MBR;
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Algorithm-3 : Split with limited £ splits for a Trajectory
Input: A set of Trajectory’s Points(Py, Py, ..., P,), Query size.
Output: A set of MBRs with k splits that cover the trajectory.

1) Compute a set of MBRs using Algorithm-2;
2)While( [ > k)
Use the priority queue to merge the pair of consecutive M I[O,n] that

give the smallest increase in EMBR volume;

Update the priority queue with the new merged MBR;
[=1-1;

149 8. 22 /s WIE Adse AFET ¢19F

Ae) 3. Algorithn-3¢] A7k 23E=E O(nlogn) ©lh.

(291 2 WA v DA Algorithn2¢] 94+ 5% n+nlogn olth.
T oula WA 2ol B A Lol kb d WA MR Fe] AT}
Sx%9 Fo ATAL 9T Aik S5 alogn otk aHA F A

345 n+2nlogn otk LElBRE o] daElFe A

Y

2

il
H
rr

O(nlogn) o]tk

16



49 % 4% v

B oEToA Algtete AR AA B S Fe AsAde AE
IV 3.2GHz ZZAA 9 Wxe] 1.56byte, Windows +RFAAS A& Al
2B A FaEd o, dugE TS f8 CHdolE AREERlTE. 1
g A vlal HrhE ste] 71Ee] AEA Az AF 2 4] 3
Aol Al Arggk EMBRO] TW A o] HAvt H= HA A4 £ES A T
fdato] APE . 2 AEAAE S AR AA AEE 379 2

Agle] ATANA 92 F9 F BT 0014 150005 A Az

%9 F WL 04 10500 Zgstgle. 2ela A dolE e Awy

|

& Azl @A 27 el 2 HelEE e sk APl 2 g5
o el 7 £ W wole AAl Holy 4§ A AgHmE

7| aHA B

O

A A Aol A= FE AL AZEe] 2hA ol whe) Wststs o)F A<
A2 AE 30705 AT, A oA 1A Wiste] A= 27} 15
30, 50 22 FAES AAs Y. 283 10 ~ 60 714 MY Aolo N E
WA A 7MY ZF B WS T 5ol X = MBRE E2] EMBR %™ 2 (Sum

of EMBR)S Al4kste] wlaLstgict.

17



B Improved Split

Optimal Split

B | inear Split

WEsEN 2 IBEHERI <
S.7'S0T - GELTET 5 S9TEST .
I - B - 3 1 I
o R
s o o T o s il
| , — |-
08188 x (R0 - mpm.m__gc = Mﬁ. &) - S9PTEL
IssTgERiEml - Rw | & N a8 - -
; :
@
OgE] o U ssfiel o B | E seosor [ <
095'TL M“ . - N = | sTs| M h T N g se90T H
ma ¢ ! LS ¢ WS 5 S| S oo NI
2l —~ uJ
ozz'to D 9 u_ mo ..a” £ OTHTL ___ S g &0 Al =4 szeve || 9
S85'6S oo Ar = = 0ETTL A Ar = i 026'v6 N
soszo [N P 3 m. oro's. [l @ W &= wu seecs (Il °
L i) fe) = '} e
ovvee STS'ZS 0EL'EL .
S0L'8E . A s 4 ,t o ___ i M H .. ,D,M.HQ y x
sczor Il ...M ® a SB8'ES ___ & o 2 oseec Il ©
. —_ ﬂ © w.mr ﬂu I N
ooz il o KB e 066'TE o B o osese [l <
0L9°EZ - R = SSP'TE = mﬂ. K = 056'8¢ 5
ocoez ff] = e SSHTE E S% osese I =
o o o =} ﬂu o © 2 @ o .mﬁ o o g O o o
s & 8 2 B8 8 & H 2 8 & & 3
2 g3 EERE
SHEINg Jo wins SYaING Jo wns S¥gINa 40 wing

18

AXZH F SAHAIZE] FHAHA B+
(X838 A= 50 o], SR T3t 35)

g 11.




| ¥ Jx=

P2

ols A <l

-
T

[2% 8-10]

Azl EFEHA B
AAIZE 7+ 10~35)

=

=

‘:"
19

AX AR R
(AAHE F= 15 oW,

a9 12.

T koL ou e -
utyd N X =
‘LJ & ol N o E= i Y X3 —
[25) ‘ILF EE N . ‘_l_,_m._ ZL ]__/I
ol ~) 1) LAY - E
o = 7 ) g o
L .L.H O ‘U| ZT OM ol _&O O_E ©
B- o - g «
o= N o N o ajo [ ob
i = % o =) W A, Wl = il .
) v o= P — 0 G 2
0 L T — 3 A atex £ o
— 2 1 — ~ Tn | o rnm.. L
X E = A e %
ER) 5 ° < Mw k) g
= T E Mo T Al £ W g o
=N o < | Bl il 2 5 o U
JJo T = o o0 (=0l /S n T @
v F 2 ¥ E 8L Lgde A :
Wo X wT T L o : /T il | BN
. B e e s ﬂ ﬂ,ﬂ 3T . 9
T oo T om S gl =y
T L EER
LMﬂ wo X ow 9 i ) N sssez I <
o = X (- RO 2 T i ™ n o &
W , = I o .4 o £T5'82 :
' f N — & P =3
G < SN ~ oF — o < o
T = = < T T oq g oztvr [l o
X N 3 N TR Yo o E 5 0ZTYT :
Jo = J . A fo =0
T BN = e z 2 3
v =T T 7 = 3 _ﬂw o R
o ) b . = o I Q@ 2 9
i M_/_u - ﬂﬂ W oot o H oo T ™ m m m
= —_ o = =] @
m‘b ‘.:1_ M o \WE NE Le] ‘_n_ﬁmA mwo W_I_M ﬂA,uI_l fo] -
0 = SYgING Jo wng
= 5 ow o = 0aew TN
L T s T N o
ol 3 ~m — ) —_—
PR e B opw Mes X g
T OB W 8 A E 9 F T B X



B Linear Split Optimal Split ™ Improved Split
150000 |
2 | - o — =i
=4
o 0 = = O
5 (228 97 8z milh HEHE B
£ 50000|m‘2‘m‘ D o0 R | ﬁ-:--
3 = =H0mH BN NNEER
L~ - & N
10*10 20* 20 30* 30 40740 50* 50 60" 60
Query Size
29 13. AAAR WY ST EFIHY BF
(1x¥8 = 30 o], SAAL T3t 10~35)
B |inear Split Optimal Split M Improved Split
200000 ‘
%100000‘§§§ Eﬁj;‘\;\ ';Q‘B
£ 500001.;—\]“5:‘__=§__
2 ey £ h B |

2 4. AARBR & SHA3] EFFHA 7

A A Al

(1223 A= 50

(]
5

oll, §AAIzt T3t 10~-35)

[-'O

E9 JhFZE 10074 500787HA] E

ZhAA My AZE AF B 4] AlekstE A" A 2 g
o] Bl 4289 E AHE SAHSE AAS 89T, A Hla Ay
= [1¥ 1419 2.

20



—#— Improved Split Linear Split —— Optimal split
e
i
i 6
i
! 0.8
| A S
Time

[second) 0.094 0.109

0.031 0.047 0.063

N &
- —m— e 0031 0031 0.031
100 200 300 400 500
Points

29 15, XYES A wWE AHETE AL v

[29 14]9] A AFo| A Yelbs A o] 9] ¥ E9 747t wol
A4E ALkAIZEe] A Aol & Holl sl on) Aol AT AAbA o]
A= AL & 4 A [2F 219 HH AA- £ (Optimal Split)
daugE A EZRJAEZE 1007 € . 0.8%9 ALE ATHE UERRA AL
XRIEQ] g7t Bol A5 A o9 S7FES Holmg T o]t A
2 A EAHL At
[£ 1] ~ [§ 2]& 2} Ago AyE =33t HAHe =42 & YE
W Aot}
A2 EMBRS) £HF
A9 37] 10+10 20%20 30%30 40%40 50%50 60%60
A9
31,358 54,650 75,212 90,907 108,512 132,492
A4 28
A8 A7k
~ 31,358 56,050 81,490 108,458 147,020 177,017
A B
A
31,537 55,228 75,852 91,350 108,727 133,108
A4 28
(% 11 34 Aztel #2149 4% 7t £8 +3 Fo I BBR 594

21




o~ 9 »
by o o S
© D ~ S
S N o~ v
S| 22 =S
(@) L —
ey 3 & o
3| 2 5|3
S > = S
10 2 — 2
s| g | g |&g
¥ © © >
=] 1) 1., 1.,
I © o0 ©
Ko
T le | = = S
= o © =
m N © o )
X a ) >
o o o
™ Ire) © i)
o) © 0
S e 0 <
N R S ©
= o =~ o
N & < &
~ D~
S o = o)
” e © e
S 1) 17 17
— N N N
— ~
~ PN W o
Moo ok o (B
®r T/
o g W OB W = T
v F I F w

jraxe]

2

o}
-

&

o

i

o 77

i

ol = Al 7HA]

[e)
e B

o Zefe 37]7}

£ EU=E =

=

IR

/\EHT

HARE Ao A717F A

S

ol

.A]T

defol =710l

il

ol

-
oF

ol

)

22



5
;oT

=K

)

F EMBR

ks
pid

g o%

EBERER

—

X

o

B

K

47

B EE

S

AL

3
R

ofy

sk

o A<

1

;OE

e

)

2 427

ol 7+

a

X
B
M

[©)

12] 31 EMBRY]

iy
=
ﬁe

the Aol Ae 2l A

jc=
h 8

st

18 4

b oalo]

-

A HAAHel o

=
€]

ol o]

o] 7tz ol

Hlo] € 9

A5

T RRR

44

el

+
oW

el
™

]

Jo

2o

T4 HA E&EE FAHA

A1)

3}7]

A A

o
=

)

o
olo

AA | ZH7kE vl

]

<
B

o Aeltt. ¥l

s}
=

B

PN
T
_(H

et

S

T EL

B!

bl thael ol BAA A

S

23



Fal 3

‘

[1] M. F. Mokbel, T. M. Ghanem and W. G. Aref, “Spatio-Temporal
Access Methods,” Bulletin of the IEEE Computer Society Technical
Committee on Data Engineering, pp.40-49, 2003.

[2]D. L. Lee, J. Xu, B. Zheng and W. C. Lee, “Data Management in
Location-Dependent  Information  Services,” IEEE  Pervasive
Computing, pp.65-72, 2002.

[3]1D. Pfoser, C. S. Jensen and Y. Tehodoridis, “Novel Approaches to
the Indexing of Moving Object Trajectories,” Proc of The 26th
International Conference on Very Large Data Bases. pp.395-406,
2000.

[4] S. Rasetic, J. Sander, J. Elding and M. A. Nascimento, “A
Trajectory Splitting Model @ for ~ Efficient Spatio-Temporal
Indexing,” Proc of The 3lst International Conference on Very
Large Data Bases. pp.934-945. 2005.

[5] X. Xu, J. Han and W. Lu, “RT-Tree: An Improved R-Tree Indexing
Structure for Temporal Spatial Databases,” Proc of the
International Symposium on Spatial Data Handling, pp. 1040-1049,
1990.

[6] Y. Theodoridis, M. Vazirgiannis and T. Sellis, “Spatio-Temporal

24



Indexing for Large Multimedia Applications,” Proc of the 3rd
IEEE International Conference on Multimedia Computing and Systems,
pp.441-448. 1996.

[7] Wolfson, S. Chamberlain, S. Dao and L. Jiang, “Location
Management in Moving Objects Databases,” Proc of the
International Workshop on Satellite-Based Information Services,
pp.7-14, 1997.

[8] T. Brinkhoff, “Generating Network-Based Moving Objects,” Proc
of the International Conference on Scientific and Statistical
Database Management, pp.253-255. 2000.

[9]R. Benetis, C. S. Jensen, G. Karciauskas and S. Saltenis,

“Nearest Neighbor and Reverse Nearest Neighbor Queries for
Moving Objects,” Proc of the International Symposium on Database
Engineering and Applications, pp. 44-53, 2002.

[10] M. Hadjieleftheriou, G. Kollios, D. Gunopulos and V. J. Tsotras,

“Efficient indexing of Spatiotemporal Objects,” Proc of the 8th
International Conference on Extending Database Technology, pp.
251-268, 2002.

[11]D. E. KNUTH, “The Art of Computer Programming, Volume 3,
Sorting and Searching Second Edition,” Addison Wesley Longman,
1998.

[12] J. Nievergelt, H. Hinterberger and K. C. Sevcik, “The Grid

25



File: An Adaptable, Symmetric Multikey File Structure,” ACM
Transactions on Database Systems, pp. 38-71, 1984.
[13] T. Tzouramanis, M. Vassilakopoulos and Y. Manolopoulos,
“Overlapping linear quadtrees: a spatio—temporal access
method,” Proc of the 6th International Symposium on Advances in
Geographic Information Systems, pp. 1-7, 1998.

[14] Guttman, “R-trees: A Dynamic Index Structure for Spatial
Searching,” Proc of the ACM International Conference on
Management of Data, pp. 47-57, 1984.

[15] Y. Theodoridis, R. Silva and M. Nascimento, “On the Generation
of Spatiotemporal Datasets,” Proc of the 6th International
Symposium on Spatial Databases, pp.147-164. 1999.

[16] Z. Song and N. Roussopoulos, “SEB-tree: An Approach to Index
Continuously Moving Objects,”’ Proc of the 4th International
Conference on Mobile Data Management, pp.340-344, 2003.

[17] V. P. Chakka, A. C. Everspaugh and J. M. Patel, “Indexing Large
Trajectory Data Sets With SETI,” Proc of the 1st Biennial
Conference on Innovative Data Systems Research, 2003.

[18] S. Saltenis, C. S. Jensen, S. T. Leutenegger and M. A. Lopez,

“Indexing the Positions of Continuously Moving Objects,” Proc
of the ACM International Conference on Management of Data,

pp.331-342, 2000.

26



[19] S. Prabhakar, Y. Xia, D. V. Kalashnikov, W. G. Aref and S. E.
Hambrusch, “Query Indexing and Velocity Constrained Indexing:
Scalable Techniques for Continuous Queries on Moving Objects,”
IEEE Transactions on Computers, pp.1124-1140, 2002.

[20] Y. Tao, D. Papadias and J. Sun, “The TPR*-Tree: An Optimized
Spatio-Temporal Access Method for Predictive Queries,” Proc of
the 29th International Conference on Very Large Data Bases,
pp.790-801, 2003.

[21] H. Zhu, J. Su, O. Ibarra, “Trajectory Queries and Octagons in
Moving Object Databases,” Proc of the ACM International
Conference on Information and Knowledge Management, pp.413-421,

2002.

27



el

Aol A =

j=13Ke)
1o

t‘ﬂ—o]
=

==
T

gt

5

5]

[e)

=

Zate el

A=

—
=

Al

A}s A o7 WEA 7] 7] 9]
&n

of el Adnid

=

=

]

v, A} ole] WA ukatt}a

T

kel
el

HE da

p
=

b

X

]

o

]

A 2

2

=%

bpe)

S

S A AL o]okr] 7}

FH.
B

R

=

e

=

7F 8 2
Aol A U

A o] 7}l ofpA], o] H

[oig
=

o

o

AEE b

[}

]

1 A 7F =

3|

T

\=)
e =t

el

]
o

28



	1 서론
	2 관련 연구
	2.1 공간 색인 방법의 분류
	2.2 이동 객체 궤적의 분할 방법

	3 최적의 궤적 분할
	4 개선된 궤적 분할
	4.1 궤적 분할 과정
	4.2 궤적 분할 알고리즘

	5 실험 및 성능 비교
	6 결론 및 향후 연구
	참고 문헌


