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Spatio-Temporal Data Management Method for Moving Objects
and Its Evaluation

Y1QUN WANG,* HIROSHI NOZAWA+ YOSHINORI HIJIKATA,*
MIE NAKATANT* and SHOGO NISHIDA?

This paper deals with spatio-temporal indexing method for moving objects. In our research,
we propose XAT (eXtended Adaptive Tree) structure, consisting of spatial trees and tempo-
ral trees, for fast search for spatio-temporal data. The searching process in XAT structure
is divided into two steps. The first step roughly narrows down the potential solutions (mov-
ing objects) according to the given searching range. The last step fixes the real solution by
checking the object’s moving track. We compare XAT structure and 3D structure, one of
the conventional methods, by computer simulation. The result shows that XAT structure
works faster than 3D structure when there is difference between the spatial search range and
temporal search range.
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Fig.1 Line segments of moving objects.
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Fig.3 Projection on space plane and time axis.
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Table 1 Parameters for experiments.
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Table 2 Cost for data structure creation.

XAT & (HWHR)
FT Vs NEEE oy BB
3D EHMEE | XAT # B A ZEREIAR BRA | ZERAR
TERERERE (s) 10.71 3.58 0.01 0.02 1.30 2.07
J— N 32767 57260 127 133 26006 30994
) — MK 32768 85271 128 143 53015 31985
BREM (9 I 4 5 m%g BEEME o ERRREE: 108EE
0.025 0.025
002 —— XAT(Typel o0z —— XAT(Type1
0.015 —=— XAT(Type2 0.015 —=— XAT(Type?
—&— XAT(Type3 —— XAT(Typed
0.01 s XAT 0.01 e XAT
0.005 —*-38D 0.005 >80
° 0
1% 5% 10% 15% 20% 40% 60% 1% 9% 10% 15% 20% 40% GO%
MR RGEH BMRREEH
(@) EHED O ERER
8 MAHFEIZXT B R
Fig.8 Search time for search range.
FERIARIEGE © 10%EE
: it FERUR R :  10%EE
BRIREER] (5) ZERIASRAEE © S%EE REEE () EORREE - S%BET
0.0035 00035
0,003 0003
0.0025 00025
0.002 ——XAT 0002 ——XAT
0.0015 —=— 3D 0.0015 -= 3D
0.001 0001
0.0005 00005
0 0
0.10% 050% 1% 5% 0% 20% 5% 104 20% 40% 60%
BEAT V7 OB BEHAT V=7 N OFFERR
(a) FFRIRSREEE : 10% © §§§§§§ : 51(2%
ZERIRRSRARER - 5% - SRR 07
RyFARSRAEER : 6%EE FyPRSRAEE . S%EE
PIREM (5) SR RRE . 10%EE B © SMURSRER 0%
00025 0,004
00035
0.002 0,003
0.0015 0.0025
—— XAT 0.002 : );AE')I'
0.001 3D 00015
0.001
00005 00005
[} 0
0.10% 050% 1% 5% 10%  20% 5% 10% 20% 0% 60%
BEAT Vo7 FOBBEEHE BEA TV s N OFEERRE
(b) FERRREEE : 5% (d) B[RRI : 5%
ZERIR R : 10% ZEMRARGEEE © 10%

9 TBENGEH /AR RIREER I 3 2 M SR R

Fig.9 Search time for moving range and existing time.

B U7 3B G OB — 2103 LT, BEICRRT TNWBZ LByt

XA LEERLE. XAT #iEC3, A€V 2Rk 5%, GPS HRSLEMBIZ L5 ZAREHNY, &
MAPMBREE, 77V FOBBRBERLENES AID FRI®) 7 & D, ARHRARONE 2 R BIES
ICRBFANEL AR AERONED, EEORE HEME, FTEIMEL TS bDEELZBND,
SEICRW T, XAT #13 3D HEEEL v LER iz, BERABET -2 ERWET Y r—

0790


研究会Temp 
－79－


vary (FUUER BFREHE, RBERLY) LiF
MLTLBbDEEZLNEY®, ZOX5R8T 7Y
br—ia ZBWTHE, XAT #EO X S it xR
OBBEARITAEDCR-TL BbnLEZBNS,

5. F & &

AT, BEA T V=7 MExtgRE LIEFEZER
T EERICHRET L REERE L, FRETIE,
FTV = NEERTOIRERARUERA L, B
SEEETLIEMARVCERMALHAELTEE, (1)
RIS U CHERIA & ERAZBIENICE ) B2
%, (2) —EAT Vs FEMTHRERBROGEHLR
DIANTHOLEMRENE ZBET S, TLE2ToTH
%, HRFRTHDL D EFHFIRNE T Iz —va
ERICE VB L, 2ORER, IBETLFREE, A
FEY AR RPN BEREE, ATV NOBENEH
BIEVEEIZ, BEREPR R RADR G
WPVWEBNEREFETLT—X ThHIHEAIL, 3D EHE
BLOEBRTWDZ LR TE T,

SHIL, BT —ZBEAN HIBREND L5 REN
FTEERZDHLHE, BELUEFERIEL TV E
FEVWEBEZTND,

E| 2

AL, CHHFEEHEFRE (No. 1350018,
No. 12480097) DBk AT TiThn 7z,

2 & X ®

1) ®ERD, FMXE  MEBRREFIALZEA
AN a—T 4 TREE, BRI ST
5, Vol. 42, No. 4, pp. 353-369, (2001).

2) AT, BRI, MR, YIGER, mHES: kF
TR 4 — 7 AN—Dw DT — L2 EBRO—FH,
BERFESFHRIGE, Vol. 121-C, No. 1, pp. 142-149,
(2001).

3) M. Nabil, AHH. Nuu and J. Shepherd:
Modelling Moving Objects in Multimedia
Databases, Proc. of the 5th International Con-
ference on Database Systems for Advanced Ap-
plication, pp. 67-75, (1996).

4) M. Erwig, et al.: Spatio-Temporal Data
Types: An Approach to Modeling and Query-
ing Moving Objects in Databases, Geolnfor-
matica, Vol. 3, No. 3, pp. 269-295, (1996).

5) M.A. Nascimento, J.R.O. Silva and Y.
Theodoridis: Evaluation of Access Structures
for Discretely Moving Points, Proc. of the Intl.
Workshop on Spatiotemporal Database Man-
agement (STDBM’99), pp. 171-188, (1999).

6) BEH T, KRS FERT —F N AED
DD L—ETFT Vs VT, FRAEY
S HL, 99-DBS-119, pp. 153-158, (1999).

7) J.L. Bentley: Multi dimentional Binary Search
Trees Used for Associative Searching, Comm.
of the ACM, Vol. 18, pp. 509-517, (1975).

8) A. Guttman: R-Trees: A Dynamic Index
Structure for Spatial Searching, Proc. of ACM
SIGMOD Intl. Symp. on the Management of
Data, pp. 45-57, (1984).

9) KR#, WHER : BEFREEE 2 OLRT
RT— X EPEED—RE, BrBE¥ShmIGE
D, Vol.J66-D, No.10, pp.1193-1200, (1983).

10) PASHREA, FIEE, KRR, WWIER : o
F— 2 DFEFARIZ L Z2EE — MD AKORE, &
FiRfE ¥ EE D, Vol. J71-D, No. 9, pp.
1745-1752, (1988).

11) M.A. Nascimento, J.R.O. Silva, and Y.
Theodoridis: Evaluation of Access Structure
for Disretely Moving Points, Spatio-temporal
Database Management 1999, pp. 171-188,
(1999).

12) FMIEE, fulfs, AR, FEHRIES ZERBER
EHE LT T — ¥ B EBSEORE-£
& T Persident Tree —, B FIEHAEF2 MW
55 D-II, Vol. K78-D-II, No. 9, pp. 1346-1355,
(1995).

13) M.A. Nascimento ang J.R.O. Silva and
Y.Theodoridis: Access Structures for Mov-
ing Points, Technical Report 33, TimeCenter,
(1998).

14) T. Tzouramanis, M. Vassilakopoulos and Y.
Manolopoulos: Overlapping Linear Quadtrees:
A Spatio-temporal Access Method, Proc. of the
6th ACM Intl. Workshop on Geographical In-
formation Systems, pp. 1-7, (1998).

15) X. Xu, J. Han and W. Lu.: RT-tree: An Im-
proves R-tree Index Structure for Spatiotem-
poral Databases, Proc. of the 4th Intl. Sympo-
sium on Spatial Data Handling, pp. 1040-1049,
(1990).

16) Y. Theodoridis, M. Vazirgiannis and T. Sel-
lis.: Spatio-temporal Indexing for Large Mul-
timedia Applications, Proc. of the 3rd IEEE
Conf. on Multimedia Computing and Systems,
pp. 441-448, (1996).

17y KR, FHHRH  Z/M7 -2 OPEHEFRL
BIRTEMBREOZOOT — X i, FROAEES
25, Vol. 42, No. 10, pp. 965-971, (2001).

18) KHFETA : MEFR & W ES, FRUEYS
88, Vol. 42, No. 4, pp. 358-361, (2001).

0 800


研究会Temp 
－80－




