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1 OPH

OPH
11

classl(Geometry,instant);
class2(Geometry,period).

polygon,circle,

Geometry p
rectangle instant  period , ,
; A (e4) (4°).
( ), . :
. A,B,
A B :A-B={p|lpecA and p—eB° A B ;
A B :AUB={p|ped or peB} A B ;
A B :AnB={p|ped4 and peB} A B
{to,t1,. 15} period -period={[t,t]]|t;,t;€
{to,t1,...t,} and 1<t} , A,
10,0182, slns fo 1 it
Litiva t+0 0
() t, : c=t,+0.
) ’ C:tn+5 ’ C C*, C*:C:tn+5, C
tn+1+5‘ C:tn+1+5-
1.2 OPH
, (classl class?) ,
OPH 3 , o0,
P; H. 0, P H
1' tl 0/1 ti
0;(Geometry,t;) eclassl.
1: to,t1 Oo(Geometry,tg)  O1(Geometry,z;). 1 1

to

0. .
o t Oy; oty

Po,Py; tos
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2:
(Geometry,t4,¢),
3.

VO;(Geometry,t;)
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t,‘ c Pi'
P, (Geometry,t;,c) eclass2.
tOrtl C PQ(Geometry,to,C) Pl
1
[.4] : ti
, Hj.
H, (Geometry,t;,t;) e class2.
[to,t1] i Ho 1(geometry,fo,11),
A A A
¥ ¥ y
Pl(GeOm.,ll,
> ol > >
Fig.1 OPH representation of moving area object at instants { 70,1}
1 {to,t1} OPH
MO 3

MO={wO,(Geometry,t;), UP(Geometryt;,c), UH, (Geometry,z;,1)} .
,UP,(Geometry,t;,c)

P ,\UH, (Geometry ;1) H
MO 3 MO.0,MO.P MO.H, , O,P
H.
1.3 OPH
(1) 1 to, 1 1 C=t0+5, PO:OO,
) R MO

MO={ Oy(Geometry,ty),Po(Geometry,to,c), <} .

Po(Geometry,ty,c)=0q(Geometry, o).

2 h
0
@n

(b) 1

(Geometry,t;)

© %
01(Geometry,¢;)

121

1 C:l‘o+§ f1+(§, C*:t0+5, 1

P H
, h (09) fo ,
O1(Geometry,t;)  Po(Geometry,to,c*)
P,(Geometry,t1,c)=0,(Geometry,t;)—Po(Geometry, to,c*).
Ho1(Geometry to,t1) ,

P1(Geometry,t1,c) ,

f , Po(Geometry,tg,c*) O,
Ho 1(Geometry,to,t1)=Po(Geometry,to,c* )—01(Geometry, ;).
Py, Py , Po(Geometry,to,c*)
Po(Geometry,to,c)=Po(Geometry,fo,c* )N O1(Geometry,t,).
MO
MO={Neq0,1 O(GeOMELryY 1), Uici0.13P(Geometry t;,c) Ho 1 (Geometry,fo,t1)} .
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(3) I , c:tk+§,c*:tk,1+§, Ok(Geometry,tk),P
H :
@ u ' 1 (On to,l1, sl )
P, (Geometry,#,c)

y Ok(GeOmetry,tk) P(JUP]_U . UPk—l

P(Geometry,,c)=0(Geometry,t)—\Uic(o,,... k13 Pi(GEOMELry,z;,c*).
(b) to,t1seee tia

, I v HowHyp Hi1x ,
H, ., k(Geometry,z, ,,t,) P,,(Geometry,z,,,c*) O, (Geometry,t, )
H,, k(Geometry,t,,,t,) | | Po(Geometry,s, ,,c*) O, (Geometry,z, )

H,, k(Geometry,t,,¢,)

wa  LPo(Geometry,ty,c*)
(C) tostaseeestic1

va O (Geometry,t,) |
, Ik

P, (Geometry,t, ,,c)
P_,(Geometry,¢, ,,c)

, Po,Py,....Pi1

P, ,(Geometry,t, ,,c*) O, (Geometry,t,)

| Beo(Geometry,z, ,,c*) . O, (Geometry,z,)

Fy(Geometry,to,c) | | Fo(Geometry,ty,c*) | | O (Geometry,t,)

kx1
e MO

O,P.H

1.
Tablel Calculating and updating of P, H at instants
1 P.H

Instant to t t t3 Tk

Observation O Oo 0, 0, 03 Ok

Calculating P,H Py P1 P, P3 Py

Updating P Hoa Hip Hzs Hi1x
Updating Py Ho His Hio
Updating P, Hos
Updating Po Updating P Hoy
Updating P, Updating Py,
Updating Po
Updating P
Updating Po
o P H, P
14 P H (@)
P H (0] P H
o
t, 0,
0,(geometry,t,)=Usc(ou.... ,,Pr(gEOMEtry,#,c).
t,(k=1,2,...,n), O, 1
Oni=(Viefo,...n kP (Vic(01,.n0 (Y7 (nkrd,n H, )
Max.J.Egenhofer e o, 4 (
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OPH , A o,P, H) oM, A°, A B
0ANOB 04N B°
VAl VAl = .
A°NOB  A°NB
1 0 , 8 0, 2 )
(S] sl S} 52 (S} 53 (S] s4 (S] s5 S} 56 (S} s7 (S] s8
Disjoint Overlap Equal Inside Contains Covers Covered-By

BJ[][][][][][][“]

Fig.2 Spatial topologlcal relation between area ob]ects

2
,  Allen —13 [,
[2,:2.], A t, As, t, Ae, A B o, 3
®l ®1 ®I ®l ®1 ®I ®l
1 2 3 4 5 e 7
Equal Before After Meets Met-By During Contains
aaaaaa aaa aaa aaa aaa aaa aaaaaa
bbbbbb bbb bbb bbb bbb bbbbbb bbb
As=Bs & Ae=Be Ae<Bs As>Be Ae=Bs As=Be As>Bs & Ae<Be s<Bs & Ae>Be
®! ®t t ®! t ®t
8 9 .. 10 .. 11 12 13
Starts Started-By Finishes Finished-By Overlaps Overlapped-By
aaa aaaaaa aaa aaaaaa aaaaaa aaaaaa
bbbbbb bbb bbbbbb bbb bbbbbb bbbbbb
As=Bs & Ae<Be As=Bs & Ae>Be As>Bs & Ae=Be As<Bs & Ae=Be As<Bs & Ae<Be As>Bs & Ae>Be

Fig.3 Temporal relation between area objects

3
, (
[£nty] ) ©, , Dbeforeafter,meets met-by 4 ,
A B (€]
tit;,A Ouy: B Oy, O, ©4) :
O =0 x0,, 2.
AO® ,Band 40 , B.
4: B B A:
SELECT 4 FROM MO
WHERE 4 during B
AND 4 inside B
(®fs ,@ 55), (AS>BS & Ae<Be)&(5O(A)iﬁé‘O(B)i=0 & 0’0(14),-(\0(3),-0 =1 & O(A),-O
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GJO(B),ZO & O(A),'O ﬁO(B),O :l)

) t; (0)
Oy, 7 0,,0,=0, )
Table2 Spatial-Temporal topological relation model based on consistent topological relation
2
Os O S O Oy 23 O Oy O
o3 meet disjoint overlap contains inside equal covers covered by
ocd  [T] [OQ M Lo oo O o
ong ] @[ o] & & B B Hl
o, comans [ [JoO b =@ & B8 Bl B
ovs o] =0 & & = B B H
oty [ HOo b [@ & B B H
o finsnes =] B[] 4] .= E H B =
o, finimeaty [H  [JH F = Y5 #H EH B
oo @l gl B B OB B B
owws By H § 6 8 5 B
3 0
3 OPH
OPH
« )
31
3 )
[t 1) Speed
Speed(t,_,,t)=Distance(0,0, )/(t,_,—t).
Direction
Direction (t'” : tl’) = Center(0,,) - Center(o,,)
Range
:Range(t()rtn):uie{O,l,...,n}0,'.
3.2
OPH
5: B timelength A:

SELECT 4 FROM MO

WHERE ((4.P;inside B
OR 4.P; overlap B
OR 4.P;equal B) AND (c—t>timelength))
OR ((4.H;;inside B
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OR 4.H;; overlap B
OR 4.H,; equal B) AND (t~t>timelength))
A B A B , 3 linside,overlap  equal.

3.3

(trigger).
6: A Eventreport, A , A
, A B. A B ,

DEFINE trigger Eventreport
ON 4
WHERE B during 4 AND inside 4
AND B.speed=A.speed
AND B.direction=A.direction
DO report B istriggered by 4.

7. A, A Areareport,

tlength ,
DEFINE trigger Areareport
On 4
WHERE EXIST A.P,(Geometry,t;,c) AND c—t>tlength
Do Report 4.P;

OPH )

OPH C
, OPH
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Abstract: A spatial-temporal data model, named OPH model, for moving area object is presented, which
considers spatial distribution and temporal evolvement of the moving object. In this model, the feature geometry of
moving area object described by three kinds of spatial-temporal geometries, which are observation geometry, named
O; currently present geometry, named P; and history geometry, named H. The definition of OPH is given, and then
by using the union, the intersection, and the difference of set theory to populate and calculate the value of O, P and
H is populated and calculated. The spatial-temporal topological relation is defined between moving area objects,
then three spatial temporal operators based on OPH, Speed, Direction and Range of moving object, are given, and
the examples of spatial-temporal query and trigger based on OPH are provided.

Key words:  spatial-temporal data model; spatial database; moving object; GIS
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