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Representation of Spatial, Temporal, and Spatio-Temporal Data
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Susumu Kuroki, Akifumi Makinouchi

Department of Intelligent Systems
Graduate School of Information Science and Electrical Engineering

Kyushu University
6-10-1 Hakozaki, Higashi, Fukuoka 812-8581, Japan

Abstract

Spatio-temporal data are such spatial data as change over time. Data models for spatial
databases have been studied and presented. In these models, no time-dimension is provided,
so objects are supposed to change neither their shapes, nor their positions. Recently, spatial
data models with time-dimension, called spatio-temporal data models, are requested for
modelling real world where objects change their positions and shapes over time. This paper
presents such a data model based on a mathematical notion to represent gradual changes
of objects. This model, named Universe, transforms spatio-temporal data into a topological
space. Universe supports a set of operations and predicates on the topological spaces so that
users can retrieve any time-varying data in a unifom way. How to represent spatio-temporal
data in Universe and how to use the operations provided by Universe for spatio-temporal
queries are discussed in this paper.
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B 7 — ¥ R TAMZER 4] & |BlitowTh, £
RERICH L CHERETF AV TH 2 HEDRINBIT
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THY R ShHI2BHATOZEMF -7 I LT, BiE

Soverlap() L bEPND.

_| case 2 >

BT A7Y=7t0 LHAYP OMMBERICE
5B

distance(Section(|Al,|H|), Section(|B|,|H|)) < d
PEEZIBZERT-FEMY BT ETEHERETE
5 (7L, |H|BH#EESNZRAOFRNE) .
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Wt=1t PRTERHEILS |I] & |o) B—FT 5. ko
T, |lo| 5 |I| EBMNZBZ LIk THLALEEE|D| =
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contain_eventually(| P, o|)

=-intersect(| P}, |o|)

MDop| = Dif ference(|ol, | P])

AEqual(Projection(|Dop|, |T})), Projection(|o|, |T|)) =

“False”

EEETE. ) THLIOBMVEDERAZIZUTO
Iy cERshs,

Select o

Where contain_eventually(|P|, |o|)

2EBOMvEbER, NFEAEOMVEbLENLS%
BTHODI LT, PIRETNIEMN 2 BRETS
5F77Vx7 bol 2T RTKDZ2L0THSB. TOMw
ADbETEMENLESTHE [PIRETHhIBEI 24
HEETHE] L) HHR, HONT I 7TEHL:
R |T.| 0B &2 2 BUBBTHI LI T LIRS,
FO-ORRT— 5 ICBEOEBT duration() 252 0h
ERBAT-SORSESAZEATLLTCERETLLERAR
2, AIAHZEM |o| AMMZEME [Pl &I haBRME2 5L
EEDWETF duration_for_contain(|P},|o|) %

duration_for_contain(|P|,|o|)

= duration(Dif ference(|Tpop|,|T,|))

fEL,

|Tp.p| = Projection(Dif ference(|ol, | P|), |T])

|T,| = Projection(|Dif ference(|o}, | P}))

LEETS. ChEHAVT [PICSThaBl2 ¥y
BETHL] L) &l

duration_for_contain(|P],lo|) = “2”

LRBEND., F0ew, 2HBOMVEbEIROX
JEBENG,

Select o v

Where contain_eventually(|o|, | P|)

Aduration_for_contain(|P|,|o|) = “2”’

300DV EDER, 200OMVEbYIIMAT [
AR P & TR o 2RSS 5 BATRR LI Bl
SARQIA TV o BERB] L) S48
SNz DTHE, TOEEEAT Q ORMELEPETS
% |Q LELETS. Hoiimbo2&803 b 5
DERBQRATV 2 P o &EIND] LW IEMLL
DOOMNELEDFEHLEALTHE. 22T [Z/EP
KEEThL L 2o B2 5 5 BABRLIAIC] LvwIik
FREDE)LEETT>FMEL 5.

INEFETIDICE, 2000w EbEDLEL
Fft, 27727 o FSARP, QUETHTVIBR
MEROTERS DRBMZRRERASNTRV. 7V
7t oBEATQIETNEREE |T.q 1k E M,

|T.q| = Projection(Dif fernece(IQl, o)), IT!)

CHETB, TTTHEBICH LTEORAME SMES
525 kN OFERET % TN, maz_of duration() &
min_of duration() 2 E&T 2L, [ZARPIETL%E
(o 7B A5 5 BAREURCHOSATE Qi 7V =
7 roBEEINE] L) B,

contain_eventually(|Q), |o])

Amaz_of duration(|T.q|) — min_of duration(|T.|)
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< “5”

ERb. Lo TIOMWEbERUTOL) KRASH
5.

Select o

Where contain_eventually(|o|, | P|)

Aduration_for_contain(|P|,|o]) = “2”

Acontain_eventually(|Q], |o|)

Amaz_of duration(|T.q|) —~ min_of .duration(|T,|)

<"

Sistla 5D HIFARER LRAO=20TH 24, hboid
Vb Universe 7'— ¥ 7 VOB T % AV T
ENBT Ebhol. FREOFEUSAICD, BERE, B
ZHMV-EHbEOFIRE [17) %, Universe 7— % EF LD

BEFLACTRATELZ L R HEILL.

4 HHYIC

BB & A 2R R 2 BV oAl 7 —
% €5 )V Universe 2E L7z, MHZEMIINEOHKS %
—ALL7Zd DT, L CAD HobhaEBDAR
5%, FEMHRT—5 PEBLLTELS WA RENLZE
BIioWnTHE(FELEBTER - BT LA TE 5.
FDHI DT — ¥ EF) Universe 1T ELEV B HSEE %
FoTwa, HIZISRZEM7— % % Space-Time Approach
PRWTNHZERICERT S Z LT, TOEFIV Universe
THZEMT— 7 2MOH) L4 TE&B. Space-Time Ap-
proach # IV TR ZM 7 — 7 2 AMEMERT 52 LA
DEFLVOKYTHE.

BAMEA YAV CNBEENEERRT A LICE > TH
Boloo7F—yBiR¥LE. FO—FTHARMEALA
WTERTAILILLY, MEEZTH2HEMIIFEICNT
HHT UL SN, B RIERL BN ZEROEY
BUERLTILNTES. LI LIMREAYHVT
BITR) T EHFTEL. LL, BEOTHEERE BN
TIIEBDEBNEETRD 720 i Mo Mt % R+
BIERTERVED, BANEELEW.

72, MLV TER S AHZERICET 5
WHET TR L. BERT -7 2AAZME LTRRL
RS, ChOEEFORKRT L LA 2HBT 5 LR
WKEDXIIFERT BB,

SHROFEE LT, EBRICAEEM -5 2ERL,
AHZEM 2 ZR/T 2 DL ELHERARCOT— Y EE
AL 5 LB, BEFOET I P LHERLTET
BIiFHIToND, /2, bhbhBIITEHRLE
BETFOEERTo> TS [13] 4, BEFOHEO BT
NONAREL - EELT7VT) XAPEERZLRTTS
L) DPHETHLENF DL, I ZOEFVERAVT
EBRIT 7= a e BETAILIBETH S,

EiFi3
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