Vol. 40 No. 5

THHLE LR IGE

{If8Z°fE 5 — % €5 )L Universe TN
oM, IEfE, BEET —42FKR

2ok # mzn Ex

BRI EL T AT - 7 2 BZEMT — 7 LS. fER, RENCAERICET 5REHRT —
FEFADHE SN TEZD, BETEIRBMICEL GERNICELT 2RBERT - 072007 —%
NR—AEFURROLNTWVE, TOBREERBET 5720, TAIMMEZERT — 4 €7V Universe
PIRET S, HZET —F EFIV Universe i&, BEE7F— 7 L ZM7— 7 L BERT— 5 &2 H—L
TEH-BETHILRHNLLT, Ihb 3EDF— 5 2HERE W) BTHRILTS. ZLT
Universe IZRIL SN - MAHZER* KB - BRETHL0OF -y RPLEETLRMT 5. BES
N7 =y RBEEETPHBT L LA, BERT - RX—ANDGHIZOWTHERS.

Representation of Spatial, Temporal, and Spatio-temporal Data
in the Topological Space Data Model Universe

SusuMU KUROKIt and AKIFUMI M AKINOUCHI!

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,
s0 objects are supposed to change neither their shapes, nor their positions. Recently, spatial
data models with time-dimension, called spatio-temporal data models, have been requested
for modelling real world where objects change their positions and shapes over time. This pa-
per 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 topological
spaces. Universe supports a set of operators 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 operators provided by Universe for spatio-temporal
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queries are discussed in this paper.
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Fig.3 Time-varying two dimensional spatial data.
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Fig.4 Simplicial complexes.
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Table 1 List of operators provided by the topological
space data model Universe.
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DUEETH B, ZOEEIR-E 2IE,

disjoint(|A|, |B|)-for_sometime

= disjoint(|A|, |B|)

Vequal(Progjection(JA|, |T)),
Projection(Intersection(|A|, |B|),|T|)) = false
Nequal(Projection(|B|, |T|),
Projection(Intersection(|A|, |Bl), |T|)) = false
LRMTEADT, TR THCERT L
QN

2.4.3 EERET

COBBEFIX, ZHT -5 CHRBT -5 R TH
EEICERATE S, BRI AT — P ERT—%
ThHRE, 7eiF2—2) v FEHCESVTEHE
Pirbh b, BET7T -5 IOV THRREOES+H
WOEBRITI ZEFTEL. 282, 27 -4
A 23U TERT— % |B| "% 588 d DRicd 5
BE &) bk within distance(d, |Al, |B]) 1,
72 2 2 ODSEROROMEREY 1305 Z L THES
HEsh 5.

R — 5 2 KRBT HMAZEM |A] & |B| <
D2WTH, TAENICHL THEEETFE BT
LHEDORABY 2EMT - x MY HLAY,
HYHEREFZHCCAHEEROEFRREE R B
TIEPTENTHBEATI LD TES. 1oL 2
i, H5REMT—5 |A ERABHCELET 3R
ZEMT—% |B] * )BT 00k, BEHBE
L R DREHREE intersect() % VT, intersect
(Projection(|A|,|T|), Projection(|B|,|T])) BE &
AHBWERT -5 2R) BT I (22720, |T)
SEME R TMHEEE). £, AFEHErS
ZHNTHE Interval LYV EVWL O |A] %
Wode &g, AT -2 ICHL THREM
DESETHWYETEET duration() THVT,
duration(Projection(|Al, |T|)) > Interval 7SEIZ
% &) REEEMT -4 |A] B BT v,

T, DEIBEINRAC, H2HEHT
— LB d DRICH 5RZEHRT — 7 % B
Y IZiE, within_distance(d, Section(|A|, |H|),
Section(|B|, |H|)) &\ ) &BDEE % B EEHT -~
ZRIY T TV (72750, |H| 12 S )
DERFZIHE).
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Fig.8 Relationship between an object o and a polygon P.
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ITRAOMEEL, [ H 2 FROKEIIBNT, &
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ETHIICEHRSATHT, BRIZLPF—5I3FF
HELZWERETS. 20 X, ok POEFEENM
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LROBRRFBVFEY IO/ 0 & P DR
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BThbH. 20OLE, H@ES |I| i$o& P ot
BHOOREEALERL TWT, H58EH t, T
O PIEITNBETEHE, B t = ¢ 2RTE
BZIEIC LB |I] & o] OWEIR—ET 5. Lo,
lo| 225 |I| MY EBILIZE->THELNLEES
|D| = Dif ference(|o|, |P|) 21E% &, ZZBMIC oA
PUEINTVIRREMTIX |D| XAEE LRV,
ZD7z® |D| b o] REHEICHETAILICL
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TRONLEXME |Tp| = Projection(|D|,|T|) &
|To| = Projection(lo|, |T|) Wt 8% Y, #iFdgkEos
WAEAIZ TS (|Tp| C|To]). SHidTabL
KX |Te| = Dif ference(|To|, |Tp|) i2h72>TH T
VxZ b oREABPIIEINLILICLE. 22T,
RLAHZER | P| ASAAHZERT |o| Vo2 ik &t L 3127503
B %5 BN OMARREE contain_eventually(|P|, |o|)
z,

contain_eventually(|P|,|o|)

= intersect(|P|,|o])

A|Tp| = Projection(Dif ference(lo|, |P|), |T|)

A|T,| = Projection(|o|, |T|)

AEqual(|Tp||T,|) =" False” L BHET 5. #57F
L ZOMELRUTOL )RR EN 5.

Select o

Where contain_eventually(|P|, |o])

2EEOMEER, 1 EBEOREEO &ML T
bODHI BT, PICEIN LMD 2 BUKMTH
ATV 27 b ol BFRTRDBLDTHSH. 2D
MEETEMSNARHTHS [PICEFIN LM
D2 BERMTH S| L) K, BI0nsTrT
TCREHEL X T 0k 2 BABETH 2
EV) T LITh D, EDOET -5 ICEFEOHEE
F duration() ¥ 52 bNI2BHET -5 DEER 52
PEBEFLLUTEHRT 5 LERHC, (MAHZER |of 23
HHZH Pl ICEIh AEREE 52 5 ENOBEET
duration_for_contain(|P|, |o|) %

duration_for_contain(|P|, |o|)

= duration(Dif ference(|To|, |Tp|))
L,

|Ts| = Projection(|o], |T])

|Tp| = Projection(Dif ference(|o|, | P|), |T|)
LEETH. TNEAWT [PICETh 5B 2 B
NRHETHZ | &) &M

duration_for_contain(|P|, |o|) = “2”
LRBEND., 2070, 2FHOMARIIRD &
KRR s 5.

Select o

Where contain_eventually(|ol, | P|)

Aduration._for_contain(|P|, |o]) = “2”

3OVDOMEEIR, 2 00DMETIINAT (£
EPICEEINZ L 2oz H2 S 5 BAIRFRILAPI
WNOSATQIAT Vs o EIND] L)
EHSBMENDDTHE. COLESATZQD
BMEILE RTSEEY |Q| LE&HT 5. HH2ITm
bol DI L [INEAEFKQICAT I 27 b ot

MABZEM T — % €5V Universe TOZER, B, BEMy— 7 £ 2411

HEIND] EVIEFE 1 ODOBEEDEMLFEL
THb, 2ZTIEARPICETNE L o Bl
55 BABEMUIPMIC] L WIHIBPELDLHICEXT
ERA AL R

INZEETTDIE, 27 V7 b o SAT
P, QEIN TV AR % RO TEN L DR
GEBREREIET LV, ATV b o BEAE QT
EEINDRXH |T.q| & k&R,

[Teq| = Projection(Intersection(lo|,|Q]), |T])
LET S, CTTHREBICHL TZOBRAMEL &/
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maz_of duration() & minof duration() % E&KY
LL I BAMPICEINLR L o2 N5 5 BT
BHELDAICHOZATE QA TV 22 o8& N
CEIRARE S

contain_eventually(|Q|, [o])

Amin_of _duration(|T.q|)

—maz_of _duration(|To|)

<97
Lhb. LoTIOMAREUTOL ) SRS 5.

Select o

Where contain_eventually(|ol, | P|)

Aduration_for_contain(|P|, |o]) = “2”

Acontain_eventually(|Q), o])

Amin_of _duration(|T.q|)

—maz_of _duration(|T,|)

<9

Sistla 5 DFIREIL EEED 3 D TH 545, Thbidw
I D Universe 7 — ¥ EF VOHEF % BV CEH®
ENDZERThorz. FNOHOBIREDINC D, B,
B2 & OFIFE* %, Universe 7 — ¥ EF L D
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4. BOF—2EFILEDLE

AHEM T — 5 EF VIZERT — ¥ EF VM
FT=FETN, REBT -5 EFTVOWTHRIZHE
HAWiETH L. 2Tk, SRITICREINTE
BRZERT — 5 EF NV L OLBE RA DA, FRICEL
TREFLZDDEVL O L VBT S, 1213 Space-
Time Approach IZEDOW/bDTH L. /2, Afy
7 avy ¥ 2~ (snapshot view) IZETK b DB
BDOTENE B ILBE R~ S,

4.1 BEEF-2EFILEDOLR

4.1.1 Space-Time Approach iCE 3 EF I

2ETHHALZ L), ZHLEBHOERZHE
#L, 2OEMORBL L TEET — & OBRINEL
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Fig.9 Representation of topological spaces by Aritsugi’s
approach.
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H5.
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VHTZELRSTHS. TNz, BENLED LW
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FOFERBFBBADER LY bAREHETDH 50 LB
Blrixhed iceo@)] (22T, MBBIZX A
FRHETEMBSRGEZ W75, MHEHERIEEE
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Bimbo 5D 77U —FTd, iHZEH% 120 MBB
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Fig.10 Representation of topological spaces by
Masunaga’s approach.
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Fig.11 Representation of topological spaces by
Worboys’s approach.
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FHEINB. L L, Space-TimeApproach % T
Universe 77— 5 EF IV CTRET H L, TNIE3RTD
NMAZER L% 5. TOBEND-DIZ, Universe ¥ — %
EFNVTRAF v T T ay b gL o-BHUfoT —
FWCHLTOMEBELIT I LI TES,
AFvTyay bEa—ilEonTEBEET -4 %
RBEL %58, A—oREO&ZRLTOMNEBERGRY R
BLZE, EDDAF v T ay bEa—FF LT
RIZERZITORBO R EARERE HVigE,
RREIC 2 > TRRCEIHEST, 2057 -5 &
{Z Universe ¥ — % EF IV L ) D%,
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Fig.12 Representation of spatio-temporal data by
snapshot view approach.
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