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ABSTRACT  Sptaio-temporal databases are important to store the real-time location
information of large spatio-temporal objects efficiently and retrieve them rapidly. Accordingly,
necessity for spatio-temporal database system that can manage spatial information, aspatial
information and temporal information of spatio-temporal objects is increasing. Sptaio-temporal
databases are important to store the real-time location information of large spatio-temporal
objects efficiently and retrieve them rapidly. Accordingly, necessity for spatio-temporal
database system that can manage spatial information, aspatial information and temporal
information of spatio-temporal objects is increasing. Therefore, in this paper, we propose a
spatio-temporal data model that is able to efficiently manage historical spatio-temporal
objects that change dynamically their states as time. Also, various spatio-temporal operations
and constraint conditions are defined to keep integrity of spatio-temporal data and
spatio-temporal operations.
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(E 2) NZHHSI7H SYS AlZk 2i4d ddtollM 883t T|HMRlel AlZh Btel 2HA

TEMP _EQUAL

TEMP BEFORE

TEMP AFTER

TEMP MEET END

TEMP MEET START

TEMP _OVERLAP_END

TEMP _OVERLAP START

TEMP INCLUDE_END

TEMP INCLUDE_START

TEMP _INCLUDE_PROPER

TEMP EXCLUDE_END

TEMP INCLUDE_START

TEMP _EXCLUDE_PROPER

ocjojojojlojo|lolojotlo|lOo|]O}O

(Z 3) SYB Azictelel MZIREE 2t

S 27+ A

Or TEMP_EQUAL O,

™
2
T
=
_ql_-
rr
>
()
40

Or TEMP_EXCLUDE_PROPER O

Or TEMP_BEFORE 0, o o o o | o, _o o 0.
Or TEMP_DISJOINT O,
01 TEMP_AFTER O; 0 o | e, o L0 O o, 0,
01 TEMP_MEET END O Lo 0 | o o
Or TEMP_MEET O,
Or TEMP_MEET START O Lo o e O,
Or TEMP_OVERLAP_END O 2 o
O1 TEMP_OVERLAP O, ~
O TEMP_OVERLAP_START O w0
@,
01 TEMP_INCLUDE_END O - ‘;(;
| o TEMPUNCLUDE 0, | 0y TEMP_INCLUDE START 0, E—
0, 0/ |
Oy TEMP_INCLUDE_PROPER 0; je— e
9,
O; TEMP_EXCLUDE_END O -
Or TEMP_EXCLUDE O, | Oy TEMP_EXCLUDE_START O ‘;:;' i
0, o,
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5.3.1 @& A3zt A4 a4

(1) GEO_PROJECTION(O): NE14A 02 &
MAHEE F230. 2, NFRHHE, IR,
AR R AR AR AA 09 AHE F
A FHA B FEs ] whEkgic)

(2) TEMP _PROJECTION(Q): A37AH 09
AR BE FE3H, FEANE AGAE
25 wpggke)

5.3.2 A3 B4 A%
(1) ST AREA CHANGE RATE(O, Time-1,
Time-2) @ Q%% J8E F A|Hz A A1 37
AA 0o WA W WP 2o}
(2) ST_ LENGTH_CHANGE_RATE(O,

Time-1, Time-2): G4t d8E 5 A4

of A2 AR 09 Aold E TS
L=

(3) ST _DISTANCE(O, Time-1, Time-2): @
Aol dE® T AlAzE AZIE AA O} o]
53 A8 E FF8ho] Wil

(4) ST _SPEED(O, Time-1, Time-2) : {4k
dED F A AT A 0y olF &
TE Aste] uiggic

ErS

B

hor

-

oX,

i,

o
oo T oE
o o2orrorir X

o ot Eiglel

[0

A

Qe 2 SESEAY
=40 ek A7 @] U A kzdo]
. Alekzziel gelol ALE st’e Aol
3
©

o
e}

O
ot

Jﬂktlr.&mgﬁrﬂrﬂ

b
Moo

e

e guiel, g(s)e HANR sto)
CEE RS

R

Nz ) B

T A9uAd g A%Ed

START OF(st)

stEEvent or st< interval

END OF(st) stEEvent or st<Interval
VALIDTIME(st) stEEvent or st€Interval
TRANSACTIONTIME(st) st€Event or st<Interval

TEMP_DURATION(st1,st2,st3)

st1,st3€ Temporal Granularity, st2€Interval and tg(st2) = stl

(st = {t; | ti€Event N1 {i{n} or

FIRST(st) st = {t; | ti€Interval A 1 (i {n}) and
It€stVyEst(i # jand tglt) = talty))
(st = {t; | ti€Event N 1 {i{n} or

LAST(st) st = {t; | t=Interval AN 1 {i{n}) and

JtestViEstli # jand tglt) = talt)

GROUP_OVERLAPTIME(st)

(st = {t; | t:€Interval A 1 {i{n} and
dtEstVyest(i = jand tg(t) = tglty)

GROUP_CONCATENATE(st)

(st = {t; | t:<Interval A 1 { i { n} and
JtEstVEEstli = jand tglt) = tglt))

TEMP GRANULE CHANGE(st1.st2,5t3)

stl, st3 € Temporal Granularity (st2 € Event or Interval or
Duration) and tg(st2) = stl

TEMP CONCATENATE(stl, st2)

st1, st2 €Interval and tg(stl) = tg(st2)

OVERLAPTIME(st1, st2)

stl, st2 €Interval and tgl(stl)

telst2)
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AU BRI WA e By AnE uB

A4 A2z

o sisto} ol At WA FAWA A A

Bk meb AT X dilel AENE AN SolE Aste) Aol ks A B e
BRIl @ Akzan s 4 Aste] W Al Al AY A8 ADE AW dole Bel
WE AGEAE T AN A Bt 5L

kzAE Aeletdo} @,

e AlZE 2 datel] iEEE A4

2

AAe] B A9S Aol AEE el g w@, A

Azdoz SddAz Aze Aol YANE @ 94 Ave Ave 54 A2 =@ Folu A

HET A olge) Az BTt YESE AvEL
AU BRIl i Azds P4 A BAl e FARA Rk Aud gF¥E F A

ks xﬂ‘ll%zﬂ% Besta.
TOEe ARE 3] At Aol o
F R o} «1 AlZE 297t 9™ e

Ag N3] gio] A4 Aol i B A%z

A 24}

o AR Bel7t £YF Aol Sdatael B At

@ Afzdez 2L H4xZ 6] I 2ol FsH, F
AAEL ALY o AR BT} ol B Ak xR

5 BAaz
(A=

A9 ol Ug A%zAT A Az wgel tg A 71 7 2o] FelAh (A=A 7] N AEF
tg(st)E NAWA sto) A7 BAE Sujgie, £ A

AFzAE FeAsict.

[Aekzzd 5] AzE 2] A4t Ao el Atz

STARTAOF(st)

Event

r = END_OF(st) = Event
¢ = VALIDTIME (st) if st €EEvent then r = Event if st EInterval then
= [nterval

= TRANSACTIONTIME(st)

if st EEvent then r = Event if st EInterval then
r = Interval

TEMP_DURATION
(stl, st2, st3)

-
I

r = Duration and tg(r) = st3

= Event
r = FIRST(st) @, if stEEvent and JeEst then e TEMP_EQUAL r
if st€Interval then Ji€st then i TEMP_ MEET_START r
= Event
r = LAST(st) &, if stEEvent and Je<st then e TEMP_EQUAL r

if st€Interval and Ji€st then i TEMP_MEET END r

GROUP_OVERLAPTIME(st)

"
]

ifYtEst Ji€Interval(t TEMP_OVERLAPi)vthen r=i
else r = NULL

GROUP_CONCATENATE(st)

-
1l

if3tiest It;Sst{i=j and
(t: TEMP_OVERLAP ¢; or ti TEMP_MEET t;))
then r = Interval else r = NULL

TEMP_GRANULE_CHANGE
(stl, st2, st3)

-
1l

if st €Event then r = Event

if st €Interval then r = Interval
if st €Duration then r = Duration
te(r) = st3

TEMP_CONCATENATE
(stl, st2)

-
]

if (st1 TEMP_OVERLAP st2) or (st1 TEMP_MEET st2)
then r = Interval else r = NULL

OVERLAPTIME(st1, st2)

,.g
It

if st1 TEMP_OVERLAP st2
then r = Interval else r = NULL

5.4.2 A2 93 A% Atz

A 93 Aol QEEE slaaRtel A

A9402 $YF AT gt

Al 7r

t 29ie] Alojdl AHEE 71E 4 9% Fd

2bzte)

G uAE A3 9N 28% Saudd A Bhud § 2
we W7 Uge oualn, sl pE vie] 39E ©

w) g,
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(st1 Elnterval and st2 SInterval) or
t1 TEMP_E
s -EQUAL st2 (st1 EEvent and st2 €Event)

(st1 ElInterval and (st2 EInterval or st2 €Event)) or
t1 TEMP_BEF
s _BEFORE st2 (st] €Event and (st2 EInterval or st2 €Event))

(stl Elnterval and (st2 €Interval or st2 €Event)) or
t1 TEMP AF
5 _AFTER st2 (st] EEvent and (st2 EInterval or st2 €Event))
st1 TEMP_MEET END st2 (st1 Elnterval and (st2 EInterval or st2 EEvent))
stl TEMP_MEET_START st2 (st1 Elnterval and (st2 €Interval or st2 EEvent))

stl TEMP_OVERLAP END st2

st1l €Interval and st2 €Interval

st1 TEMP_OVERLAP_START st2

stl €Interval and st2 €Interval

stl TEMP_INCLUDE END st2

stl EInterval and st2 €Interval

st1 TEMP_INCLUDE START st2

stl Elnterval and st2 €Interval

st1 TEMP_INCLUDE PROPER st2

(stl €Interval and (st2 Elnterval or st2 €Event))

st1 TEMP_EXCLUDE_END st2

stl Elnterval and st2 Elnterval

st1 TEMP_EXCLUDE_START st2

stl €Interval and st2 €lInterval

stl TEMP_EXCLUDE PROPER st2

(st2 EInterval and (stl €Interval or st1 €Event))

Ak 71 A2

st1 TEMP_EQUAL st2

Qe B AR (A1 Ao)

(stl € Interval and st2 € Interval) or ((stl € Interval and st2 €

Event) and (tg(stl) 4 tg(st2))) o
and (tg(stl) P tg(st2))) o

((stl € Event and st2 € Interval)
r (stl € Event and st2 € Event)

stl TEMP_BEFORE st2

(st1 € Interval and (st2 = Interval or st2 € Event)) or (st1 € Event

stl TEMP_AFTER st2 and (st2 € Interval or st2 € Event))
st TEMP MEET END st2 (st1 € Interval and (st2 € Interval or st2 € Event)) or ((stl €
stl TEMP_MEET START st2 Event and (st2 € Interval or st2 € Event)) and (ta(stl) P tg(st2)))
st] TEMP_OVERLAP_END st2 (stl € Interval and st2 & Interval) or ((stl & Interval and st2 €
| TEMP Event) and (tg(stl) € tg(st2))) or ((stl € Event and st2 € Interval)
st *OVERLAP_START st2 and (tg Stl 1 tg St2 ))
st1 TEMP_INCLUDE END st2 (st1 € Interval and st2 € Interval) or ((stl € Interval and st2 €
Event) and (tg(stl) 4 tg(st2))) ((st] € Event and st2 € Interval)
st] TEMP_INCLUDE_START st2 and (ta(st]) P te(st2))
(st] € Interval and (st2 € Interval or st2 € Event)) or ((stl €
t1 T
s EMP_INCLUDE_PROPER st2 Event and (st2 € Interval or st2 € Event)) and (tg(stl) P tg(st2)))
st] TEMP_EXCLUDE_END st2 (stl € Interval and st2 € Interval) or ((stl € Interval and st2 €
Event) and (tg(stl) 4 tg(st2))) or ((stl € Event and st2 € Interval)
stl TEMP_EXCLUDE_START st2

and (tg(stl) P tg(st2)))

stl1 TEMP_EXCLUDE PROPER st2

(stl € Interval and st2 € st2 € Interval) or ((stl € Interval and st2
€ Event) and (tg(stl) 4 tg(st2))) or (st1 € Event and st2 €
Interval) or ((stl € Event and st2 € Event) and (tg(st1) 4 tg(st2)))
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5.4.3 A7t vl AX Az
Al ndste 71Ee B4R (comparison
operator : ) , {, =, =, )& o|&3o 717 €
4oz THE F Ay ANE
Aste] FFol BAgle]l 25 ol 9
stejol atm, T S AR AZE @eo)
A& o
(A k=2 8] A7k vlm G4tel A= E FAAA
Bl AekzA

=
10
P
Al
©

GEOPROJECTION(O)

(st1 AIRMEIRELE st2) oAl HANR} st13 st29)
EtY-& th57) Zolof g},
(stl1 Interval and

Duration))

(st2 Interval or st2

5.4.4 AF3 A% Atz

ABZ Qatel AARAG] e AckzAe thet
2ol Az Ydse AAs AZE dolEue]
29 BY g olg3tel Belgr)

1 AIB3 Qatel Qe AAnAe B Az

O € spatial database
O € historical event spatial database or
O € historical interval spatial database or
TEMPPROJECTION(O) O € rollback spatial database or
O € bi-temporal event spatial database or
O € bi-temporal interval spatial database
STAREACHANGERATE O € POLYGON
(O, stl, st2) stl, st2 € Event and stl ¢ st2 and tg(stl) = tg(st2)
STLENGTHCHANGERATE 0O € POLYLINE
(O, stl, st2) stl, st2 € Event and stl { st2 and tg(stl) = telst2)
O € POINT
STDISTANCE(O. stl. st2) stl, st2 € Event and stl { st2 and tg(stl) = tg(st2)
O € POINT
STSPEED(O. stl. st2) stl, st2 € Event and stl { st2 and tg(stl) = tg(st2)

[Akz2 10] N 3T A4 Aol B

2
10

¥

IR
]

GEOPROJECTION(O) spatial data type
if O€historical event spatial database then r = Event
if O€historical interval spatial database then r = Interval
r = TEMPPROJECTION(O) if O€rollback spatial database then r = Interval
if O€bi-temporal event spatial database then r = (Event, Interval)
if OEbi-temporal interval spatial database then r=(Interval, Interval)
r = STAREACHANGERATE _ ) .
O, stl. st2) r = {(Interval, float)i | 1 <1 < n}
r = STLENGTHCHANGERATE _ _ ,
(©. stl. st2) = {(Interval, float)i | 1 £ i < n}
r = STDISTANCE(O, stl, st2) r = {(Interval, float)i | 1 < i < n}
r = STSPEED(O, stl, st2) r = {(Interval, float)i | 1 < i < n}
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6. 97t A}, o]RA olF AAY AHE He ARgen
A AA ol A Aol A AEE stog 3}
B Folde At glole] Rdg ojgdle) B @ = W9 3A o8 HHE sytew e AdE §
A Azrld TAFY, Add Age BE @A Ax FHeR M F °H:} GMSoIXE (22)4 =3
ol g g8 T3 dlolelylo] A e] Alxelel AR ThFe T AAEES ALt
GMS(24], MS Widnwos2000, 283 Visual obgfjoll Al Thakgt Al%— Ao sl T SQL
C++2 olgsdte] FH3IUT. AFo| ol o)  E Wil A" AN Hld
AA deol8e= 20039 49 239 0A1RH 20034 4 (B9 Delde T4%9 dA AXNE 2z, Fe

4 239 18NE fA Al 7 BS Ags g ARG FERENS HL ARgE 7ot ) &
of el 28, EF UiEixE 10589 £ g = 259 AXS TFATY AZ #HE Fd Hx A

718 dgstel Az gyste] GMSA fAske, A &R IAY

71 7

=

7R =

AN e 2

el AHE F3t golEEe] dd HAE gga g U olHE e dA FAE AN P b
7 FEAE Fehe Aite] Hrh

7.

olg ¥ 7+

STIDTable (OID:INT, Name:STRING, Type:INT)

STPsnHisTable (OID:INT, DATE:DATE, Geometry:Spatial)
STAmbHisTable (OID:INT, DATE:DATE, Geometry:Spatial)
STTndHisTable (OID:INT, DATE:DATE, Geometry:Spatial)
STPsnCurTable (OID:INT, DATE:DATE, Geometry:Spatial)
STAmbCurTable (OID:INT, DATE:DATE, Geometry:Spatial)
STTndCurTable (OID:INT, DATE:DATE, Geometry:Spatial)

(49 1) ") $4F AAAN A3 Fbhel Q= TEAE Assle

SELECT Name
FROM STIDTable
WHERE OID = (
SELECT DISTINCT Amb.OID
FROM STAmbCurTable Amb, STPsnCurTable Psn, STIDTable ID
WHERE ID.Name = ‘4%’ AND ID.OID = Psn.OID AND
distance(Amb.Geometry, Psn.Geometry) (= (
SELECT min( distance(Amb.Geometry, Psn.Geometry) )
FROM STAmbCurTable Amb, STPsnCurTable Psn
WHERE Psn.OID = (
SELECT DISTINCT ID.OID
FROM B8TIDTable 1D, STPsnCurTable Psn

WHERE ID.Name = "£2%" AND ID.OID = Psn.OID )):

STIDTable= Algt Al 28k, olF, J2ln AL 7bhe FFate 2Exag

s 89 Uehils 44 ~7|rlola, STPsnHisTable, MOIDTabledll A T-g2+2]
STAmbHisTable, STTndHisTable® AWE, TH=h &% (28 H= (39 Dl

ey

[€)

ABZE ARl ol HHE HHS] 9@ solvlelr], & GMSe) 9
STPsnCurTable, STAmbCurTable, STTndCurTable A Z

sy
27loks 7V Azl #YE olF AMel HuE £ 8 EAlm Atk

o1
=

olF

Ay
Ho g Algsle] 33 Ad sHoes,
Aol £2%9 Al 1AM A se TEFA

A

(=}
= A
Bt

i o] #Hoe
AstA H).
F3F SQL +&
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(28 4 29 1 Y 21t

(39 2)9lM¥e MOTndHisTabledlXd &% 'T7F  (convex hull)® WAL F3ozy A4 EFo] A

Hz Z99E APEH AAAA o5 4958 A4 UL J9L AT F 32 ole EF9 ¥ HAE
3te] 7} EE FUF9 olF JEEEL At o gumI).
ol 99E5S ¥ o= convexhull A& 48t (28 5 A% 3 SHE AFFE dAAA

‘%’ (ég'é‘—”] ;]9‘]3—%-0’] %%?} @—g-i‘ﬂ' %“E]E]E Z] 67]:|-;| =% 0303,_9_ E:i MOTraverse AAE osﬂ
S2HWE& (convex hull)7t AAFEE o] AeWEZy AA EFo AUR 949& ¢ + Uth

(29 2) "dAAX EF T 8l Ax& Al

SELECT convexhull(Geometry)

FROM STIDTable ID, STTndHisTable Tnd

WHERE ID.Name = ‘T AND ID.OID = Tnd.OID AND
Tnd. DATE BETWEEN(MIN(DATE) MAX(DATE))
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o3k T BANSE £8E & gen, ¥
BR} £4gRe WA Astel B o3 AAAF
fEN @t BARE 2Eth B eRMe
A g FHse AFL A PRE HEHO
s Back AR & A A3 el wde A
retddch. Al A E2 HolH R e) A3 Aat
e Ay FUYRE A9 AL Az she e A
B ANE AASER, BT delde FAY
5

OPJ

=

o] A€ §A] S AgGxaE ARG,

FE drdARE AdE dolHRAE o] &3}
ABE AAE ARz ARE F 3ie 7Y o
g A7rt asi, HFBH R i 23 T
AR g 27, 2|3 AP EA AT 220E 2
Fehe ddE AW B8E 5 e AFE 24
olell tste] A7t FHH ok Pt

(agl 5) 2o 2 ¥ #nt

(A9 3)ddAe A T 493 AEE] JN &

o2 contains AL Fe] T'gduie )
PES ANTY

a8 6y (A9 3o uF 48 A%z A B

F AGLe & d9or FAHT 9len, o] oot

EA st AAEES contains A4S B S

#E
71Ee) A2 dlole RdelN AF A4EY A
133 At BAR AFRE A @l o)
2 el Bg gl e A4 Ang A3
P, FHHEG ALY R R dFF A
AFEA @7) HEe] BN AAe) Wakay S (2H & el 3 39 2

(9] 3) "dA Tornado T JFAH &ste AlEE AMSA L

SELECT Name
FROM STIDTable
WHERE OID = (
SELECT DISTINCT Psn.MOID
FROM STPsnCurTable Psn, STTndCurTable Tnd, STIDTable ID
WHERE ID.Name='T" AND ID.OID=Tnd.OID AND
contains(Tnd.Geometry, Psn.Geometry) )
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