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Algorithm for Topological Relationship
On an Indeterminate Spatiotemporal Object

Jeong Hee Chi'- Dae Jung Kim'™ - Keun Ho Ryu'!

ABSTRACT

So far, significant achievements have been studied on the development of models for spatial and spatiotemporal objects with precisely defined
boundaries. However, these models can not be directly applied to spatial and spatiotemporal objects with indeterminate boundaries which are
found in many applications for geographic analysis and image understanding. Therefore, in this paper we propose the spatiotemporal data model
which is applicable for spatial and spatiotemporal objects with uncertainty. Based on this model, we defined topological relationships among the
indeterminate spatiotemporal objects and designed the algorithm for the operations. For compatibility with existing spatial models, the proposed
model has been designed by extending the spatiotemporal object model which is based on the open GIS specification. We defined indeterminate
spatial objects, such as the objects whose position and the shape change discretely over time, and the objects whose shape changes continuously
as well as the position. We defined topological relationships among these objects using the extended 9-IM. The proposed model can be efficiently
applied to the management systems of natural resource data, weather information, geographic information, and so on.

e : Aj32t HIO[EIH0|A(Spatiotemporal Database), B&44(Uncertainty), B&4AlIS 2 (Indeterminate boundary), Broad
boundary, A& H (Topological Relationship)
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[4<] 9] BVcoverWithBoundary ( @, )
(Ca.from < B.from)N\(a.to< B.to) N(a° N B+ $)

Na* N B #=$)N(daNB°*8°))

(A2] 6) “19803 19~12¢¥ B¢ A EFo C A9 Ho]
A7t EAsHE C A9 ANE Hasaat”
= oboh 2o W] FES F3 uerd 5 vk

SELECT Vegetationname

FROM  SoilUnit, Vegetation

WHERE  BVeoverWithBoundary (Vegetation, SoilUnit ) AND SoilUnit.
range =3 AND Vegetationrange = 3 AND Vegetationfrom
= 199001 AND Vegetationto < 19012 ;

BVnearlyFill (sourceObject, targetObject)
input : sourceObject, targetObjecti= 843 AAE 713 A|F7E A,
output : sourceObject$t targetObject”} BVnearlyFill #A|o]H &,
a8A god ARG dHal
Boolean BVnearlyFill {sourceObject, targetObject)
{
get a temporal element of sourceObject and targetObject
: A7 AAlE From™ To elementE 7FAH, Object.From =
Object. To
if (sourceObject. From = targetObject.From) and (sourceObject. To =
targetObject. To)
{
get a spatial element of sourceObject and targetObject
: tiBBoundary, tBBoundary, tEBBoundary ®4Z o]
Generate a Intersection Matrix between sourceObject and target
Object
if ( Matrix [sourceObject.Interior] [targetObject.Interior] is “T”) and |,
( Matrix [sourceObject.Interior] (targetObject. BroadBoundary] is

“F” ) and
( Matrix [sourceObject. BroadBoundary] [targetObject.Interior] is
“T" ) and
( Matrix [sourceObject.BroadBoundary][targetObject. BroadBoun-—
dary] is “T" )
return true ;
else
return false ;
}
else
return false ;
}
(Z2& 1) BVnearlyFill 914t
(d1dl% 1)& BVnearlyFille] tig dazlZo|th o«
W AlFZE A A)7E BAe) diE FRAACE 4 Ee)

o rir J

i

T 8AEY BAE HuEd PSS
g o] Y& 71E9 Equal ARG A gt
d8 + o, gEHEe F AA o, 7L
Matrix[ e.BroadBoundary] [ 3.Ex-
atrix[ e Exterior] [ 8 .BroadBoundary]7} €]

=

[e]

=

=
[ 1 O
o mi &
o e
=
o
ali
o
e

2)+= BVstronglyOverlapel
At AlE7 AA e A7 DA s
=R AN g, 27 2427 BAS

& A8 Overlap @Al = F 7=

o
HoR
o
2
o
nf

N
2L
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2zHE gt zeu BVstronglyOverlap® BVboundary
Overlap 94t&b= Overlap Q4kaLe} vl &dha)wt, & A7
o] 94#AE Yelli= Matrix{ e BroadBoundary} [ 8. Ex-
terfor]% Matrix[ a.Exterior] [ 8.BroadBoundaryl7} <€)<
@42 Mo, F0 god qaude mdol slsa,

BVstronglyOverlap (sourceObject, targetObject)

input : sourceObject, targetObjects B84 AAS 712 A|g7F A4,

output : sourceObject$} targetObject”} BVstronglyOverlap #7o)®
F, 1% Fod ARE

Boolean BVstronglyOverlap (sourceObject, targetObject)
{
get a temporal element of sourceObject and targetObject
* AIZF AAE From¥} To elementE 7} 1, Object.From =
Object.To
if (sourceObject.From < targetObject.From) and (sourceObject. To
< targetObject. To)
{
get a spatial element of sourceObject and targetObject
. tIBBoundary, tBBoundary, tEBBoundary ™A% o] 4.
Generate a Intersection Matrix between sourceObject and
targetObject
if ( Matrix [sourceObject.Interior][targetObject.Interior] is “T")
and
( Matrix [sourceObject Interior][targetObject. BroadBoundary]
is “T") and
( Matrix [sourceObject. BroadBoundary[targetObject. Interior]
is “T") and
( Matrix [sourceObject BroadBoundary]
{targetObject.BroadBoun dary] is “T")
return true ,
else
return false ;
}
else
return false ;

}

( Matrix [sourceObject. BroadBoundary)
[targetObject. BroadBoundary] is “T")
and ( Matrix [sourceObject.BroadBoundary]
{targetObject.Exterior] is “T™)
return true ,
else
return false ;
}
else
return false ;

(Y2|Z 2) BvstronglyOverlap ©14t

BVcoverWithBoundary (sourceObject, targetObject)

input : sourceObject, targetObjecty &3 AAE 71zl A|F1 AA.

output : sourceObject9} targetObject”} BVcoverWithBoundary 7]
ol #, 2¥x oW AANL Hg

Boolean BVcoverWithBoundary (sourceObject, targetObject)
{
get a temporal element of sourceObject and targetObject
C A A= From® To elementE 7}A ™, Object.From <
Object.To
if (sourceObject.From < targetObject.From) and (sourceObject. To
< targetObject.To)
{
get a spatial element of sourceObject and targetObject
! tBBBoundary, tBBoundary, tEBBoundary ®AZ o] &.
Generate a Intersection Matrix between sourceObject and
targetObject
if ( Matrix [sourceObject.Interior][targetObject.Interior] is “F”)
and
( Matrix [sourceObject.Interior][targetObject. Exterior] is “T")
and
( Matrix [sourceObject. BroadBoundary]{targetObject.Interior]
is “T”) and

(YTE|E 3) BvcoverWithBoundary o34t

BVcoveredByBoundary® BVcoverWithBoundary €14F&
e g AIFZE AR AZERA oE FREAC A
A A Og F73 8AEDY AAE HustY §
48 PA3T BVcoveredByBoundary® BVcoverWith Bo-
undary @4HE A2 G@Ad gl

5 4H ¥ HIl

o] FAAE AtE BHAE AAS A AFT dole
2% % Qb A8 Asae ol s £ o
L 7bgel AF Aol Hol Fudlel AdE Fr Az
Aol Agetol AYHAL. T4, of ERAN BFAD
Ag A7 A3 AR he KA /MO MBR /4
gl BEAW AE BASA,

ﬂ!lO oﬂ, rBL El

51 78 &y

of =follA FEY EFHT 737#]% 7H Ale 3t E‘él

2 Window 2000 Server &7ojA =
sual C++ 60 o] &3t THIIHYL ‘11, EIC=E °]#t SQL
Server 2000& AH&-8t .

e

52 dlog] A3|o}

(¥ 5 Fish Hlolge| A7|0t

&40l & dio]e ¥ 4 4

fid int id &

fish text fishe] &

innerX1 float W373Ae) e MBRS 9% shut
innerY1 float FER

innerX2 float 27 Ad ¥ MBRS £8% A
innerY?2 float EEY

outerX1 float 9247 e dig MBRe| 9% s
outerY1 float A

outerX2 float 27 g MBRY 28% 4y
outerY?2 float HEY

From Datetime | Valid time®] Al&gk

To Datetime | Valid time® F&32k




Hole A& =9 ¢4 A3ANFRDDAA AF-sh= 2002
d 84 31%9l st 20029 99 7ol AR Mz b
OBl & ol&3td, aF W9l A HHoR dolHE A
detRon, dolg X7)ek= ofefish Rtk oj7lolA B
A% A WR BAS % AR zd@sgch <F 5>
= A HE HolEY HARE Yeha, <HE 6>2 F
Z @R g Holg ARE VeI gidh

(X 6) Red_tide Efloj&2o| A7)0t

rid int id &
type text Hxd 2R/
inner_density | float i d9s
outer_density | float B35 AA 2
innerX1 float WA A o3 MBRY 92 slgh
innerY1 float HEH
innerX2 float W3 A0 ¥ MBRe 28%
innerY?2 float e A2
outerX1 float H7A g MBRe 91Z sl
outerY1 float Hagy
outerX2 float %747 e MBRY o2&
outerY?2 float e AEg
From Datetime | Valid time®] A1Z+gt
To Datetime | Valid time®] £8g

53 T8 olFIHH

— Vague ~

GIOIEHIOI A

(38 7) 78 oEA

o] =RolAH FHF T2 EEIGQ Vague: (28 N
Ze T8 og|HAE Zer) o] oy dAE AA 3RES

ST AISTH A0 2o 2

1=
)
e
£l
il
oA
(e o]
*®

® Data Manager : DBMSS! SQL Serverdl <t HolH
AL o] REE F3h] 7zt djojE] Ale| HZgr

® Data Viewer : Data managerel 93] 29 dloj€&
270t FEE B F A HolE FHE HAFi T
g GUIZ &3to] A F 719 HolE HolElg B
o}

® Query Process: Atd FAAkA A& Y8 9=t
ARHL, GUIA do W&S 48 o} Ao F47]
ok Ao HErloA dE Aok dddze FQ)
F AR EH oz ugsdg,

. B

THE ZZE YA £ ALz A FHd(2
@A BT rh o] FEAXE dole9 Wi
At 9 AAd sidets MBR ARE 749 GUIE
ato] stde] RoFn gwe A g FEAME 1
g At AYE 7HeEA s

(28 8)(b)= o] &=EoNA AT BBAF HA HE 6
744 @Ak % BVnearlyFill @442 F83 shdolr)

(b) BVnearlyFill 94kt +& b
(3% 8) v¢d Z#1t 3H
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obefsh we AeE AHEARYH GUIR o ydwo
WOE RS AEE ARl UE A2, B3 ARE sl
A AsAe A Aol Ael BAL AR e, ARk
2 24 ge waw

A} 2002 99 4U5H 2002d 99 5Y7tA WS o F
o HAREA Hzol o) Ag) xelo] sz
AD o FL Fol7p

jinc

99 298 Ayl A% SQLY WHERE 3 o|dh: o}
&3 2] Yehd £ Ao

WHERE BVnearlyFill (Fish, Red_tide) AND Red_tide. From
= 2002.09.04 AND Red_tide. To < 2002.09.05

oluf, A7) A} gho] 0o]H F AF7H AHA I Fo|A
@A g wdgo] sdvke AL 9njstz, 1od
ABA7E ETE BAFD o9 2& F3 e

A AAIE BVnearlyFill Al E7H 9484 a4 duaZd
ohat A,

55 7|& 7ol Him ¥ HIt
o] A& Alte BFAFE AF7 dojy w9 g3

e AAE] g9 oldlet 2L NEe MMM 729
AFZE 293 8L, Bokele, Wk /) ES e 2o

N\E 1239 BAANE B & e

7VE 2 REATE AL

% 3o dAANE BAE 5 Y

& 4 ARAZLE BT 5 AT

71 5 B de AYskEr

71E 6: 9128} dFo] HalE o EANE B & 9

el
718 9. ALy 2d3 538 =010

<E 7> 919 71Ee wet o] Aol AAF Antet
e 2l v g3 292 noF g 9ok

<E T>E 99 2L 97HA Y J)E) Y )2 A%
€ [811,1719] AFZ Zln} o] =FoA AHotg 2ga
g AAE M AFR Edg vladch 7oA Folx
w5 o O, 71E ol Wgol AFHog odF

BEE A, VNEE TESA AL P x 2
FEA G ol slEd] o8 [11,171e 9744 Foll 571

AR 71 wEHAL, Bl 371 1EE HEE A

wetd, EF4e AAE 7 AlET YL Ay s
& UEAPoEN TE 37 AFL Bdrohs A
3 38 9 Z&AQ A Bt hEEE d
(B ) 7|29 AlS2t 2dln B3NS AS2H HiojH 2dle|
H|m
=4 Worboys Forlizzi | Clementini %if‘]%]:iﬂ%

7 & (7l (1) 8 qole za

71& 1 O O O O

71 2 O O X O

71 3 O X X O

7NE 4 @) A X X

715 X X O O

71E 6 X O X Q

7NE 7 @) X X O

71& 8 X A X O

7)E 9 X A O O

6.8 &

71&9] E2F diolEule] 2 Al2gle deg Fhd oy
Boloz A4 AANE 3T ek o] HAHANN I3
HA e v}, Fadshs dAAY B, ey dxEg &
g3l7 ol & f&ﬂlﬂ 2 Ji, °l“l Ll Mi} % A8ENY W

2 A4 AT GISIA ANE 239 7sAA B
SR DR z}w A3 Aoy wAg Mo 83
48 FUAANE AYES ByAGor], BY BHEW A
B0 AN AYES Fgsel BANAG,

of BUe BFAF AT IFAAAG | EAANE A4
sel, BRAE o5AAY A% d9e 2R )
NE REPT NYRVEE AEHE F4E S 3

A

BA} BEeA &
NE AAERY thds B4Ys 53, A4 d4E
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