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Combinational Reasoning of Topological Relations between Regions with Holes
LIU Bo, LI Dajun, ZOU Shilin, RUAN Jian
Faculty of Geomatics of East China Institute of Technology, Fuzhou 344000, China

AbstractAccording to the pointset topology theory, regions with holes are redefined. By analyzing the evolution
plans of simple area objects topological relations, a new method is put forward which can describe the special
topological relations of regions with a hole. And then the new method is used to discuss the topological relations of
two regions with a hole. Through the experiment, in theory, it has been proved that this method is feasible, can
provide a theoretical method for improving the modeling and analysis capabilities of GIS.
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Fig.4 Evolution chart of topological relations
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R(0A°,08°)

1

, R(0A™,0B ),

R(OA™,0B°) R(DA°, 0B" ) R(0A°,0B°)
R(0A™,0B™ ) .

’

3.2

, R(0OA ,0B ),
R(OA™,0B°) R(0A°, 0B )
R(0A°,0B°)
, R(0A™ ,0B )

, ( disjoint)
(meet) (overlap) (covers) (con
tains) (‘equal) A ,
A B

(1) R(0A, 0B ) = disjoint,
R(CA™,0B°)= R(0A°, 0B )= R(0A°, 0B°)=
disjoint;

(2) R(OA™, 0B ) = meet ,
R(OA™,0B°)= R(0A°, 0B )= R(0A°, 0B°)=
disjoint;

(3) R(0A, 0B ) =
R(0A™, 0B°) = {disjoint, meet, overlap, covers,
, R(0A°, 0B~ ) = { disjoint, meet,
overlap, coveredby, inside} ;

(4) R(0A, 0B ) =
R(0A™,0B°) = disjoint , R(0A°, 0B ) =
{disjoint, meet, overlap, coveredby, inside};
R(0A°,0B°)= disjoint;

(5) R(0A, 0B ) =
R(OA™,0B°) = meet , R(0A°, OB ) =
{disjoint, meet, overlap, coveredby, inside};
R(0A°,0B°)= disjoint;

(6) R(0A, 0B ) =
R(0A™,0B°)= overlap R(0A°, 0B )=
{ disjoint, meet, overlap, coveredby, inside};
R(0A°,0B" ) = disjoint , R(0A°, 0B°) =
R(0A°,0B™ )= meet ,R(0A°,08)
= disjoint; R(0A°, OB ) = overlap ,
R(0A°,0B°) = { disjoint, meet, overlap };
R(0A°,0B™ )= coveredby , R(0A°, 0B°) =
{disjoint, meet, overlap}; R(0A°, 0B )=
inside , R(0A°, OB°)= {disjoint, meet, overlap,
coveredby, inside/;

(7) R(0A, 0B ) =
R(OA™,0B°)= covers R(0A°, 0B )=

{disjoint, meet, overlap, coveredby, inside/;

overlap

contains}

overlap

overlap

overlap

disjoint;

overlap

., R(0A°,0B" )= disjoint ,R(0A°,0B°)=
disjoint; R(0A°, 0B )= meet , R(0A°,0R)
= disjoint; R(0A°, OB ) = overlap ,

R(CA°,0B°) = [disjoint, meet, overlap, covered-
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by, inside/; R(0A°, 0B )= coveredby ,
R(0A°,0B°) = {disjoint, meet, overlap, covered
by, inside/; R(0A°, 0B )= inside
R(0A°,0B°) = {disjoint, meet, overlap, covered
by, inside/ ;

(8) R(0A, 0B ) =
R(0OA™,0B°)= contains , R(0A°,0B )=

{ disjoint, meet, overlap, coveredby, inside};

overlap

., R(0A°,0B" )= disjoint ,R(0A°,0B°)=
disjoint; R(0A°, 0B )= meet , R(0A°,0R)
= disjoint; R(0A°, OB ) = overlap ,

R(0A°,0B°) = {disjoint, meet, overlap, covers,
R(0A°, O0B™ ) = coveredby
R(0A°,0B°) = {disjoint, meet, overlap, covers,
R (0 A°, OB ) = inside
R(0A°,0B°) = {disjoint, meet, overlap, covers,

contains};

contains) ;

contains, coveredby, inside, equal/;
(9) R(OA , 0B ) = covers
R(0OA™,0B°) = contains, R (0 A°, 0B ) =

{disjoint, meet, overlap, coveredby, inside/;

,  R(0A°,0B™ )= disjoint ,R(0A°,0B°)=
disjoint;  R(0A°, 0B )= meet ,R(0A°,0F)
= disjoint; R(0A°, OB ) = overlap ,

R(0A°,0B°) = {disjoint, meet, overlap, covers,
R(0A°, OB ) = coveredby ,
R(0A°,0B°) = {disjoint, meet, overlap, covers,
R (0 A°, 0 B ) = inside
R(0A°,0B°) = {disjoint, meet, overlap, covers,

contains/;
contains/ ;
contaims, coveredby, inside, equalj;

(10) R(0OA™ , 0B )= coveredby ,
R(0A~,0B°)= {disjoint, meet, overlap, covers,

contains/, R(0A°, OB )= inside; ,

R(0A™,0B°) = disjoint , R(0A°, 0 F) =
disjoint; R(OA™ ,0B°)= meet ,R(0A°,0R)
= disjoint; R(0A , 0B°) = overlap ,

R(0A°,0B°) = {disjoint, meet, overlap, covered
by, inside/; R(OA™, 0 B°) = covers
R(0A°,0B°) = {disjoint, meet, overlap, covered
R(OA™, O0B°) = contains
R(0A°,0B°) = {disjoint, meet, overlap, covers,

by, inside};

contains, coveredby, inside, equal/;
(11) R(0OA™, OB )= contains
R(0OA™,0B°) = contains, R (0 A°, OB ) =

{disjoint, meet, overlap, covers, coveredby, con

tains, inside, equal); , R(0A°,0B )= dis-
joint , R(0A°, 0B°)= disjoint; R(0A°,0B )
,R(0A°, 0B°) = disjoint; R(0A°, 0B~ )

, R(0A°, 0B°) = { disjoint, meet,

overlap, covers, contains}; R(0A°, OB~ ) = covers

= meet

= overlap

,R(0A°, OB°) = contains; R(0A°, OB™ )=
coveredby , R (0A°, 0B°) = { disjoint, meet,
overlap, covers, contains/; R(0A°, 0B )=
contains , R (0 A°, 0 B) = contains;
R(0OA°,0B” ) = insidle , R(0OA°, 0B°) =
{disjoint, meet, overlap, covers, contains,
coveredby, inside, equal/; R(0A°, 0B )=

equal , R(0A°,0B°)= contains;

(12) R(O0A™, OB ) = inside ,
R(0A°,0B" )= inside, R(0A™ , 0K )= {disjoint,
meet, coveredby, contains,
R(0A™ ,0R) = disjoint

,R(0A°, 0B°)= disjoint; R(OA ,0B°)=
meet , R(0A°, 0B°)= disjoint; R(0OA ,0R)
, R(0A°, 0B°) = { disjoint, meet,
overlap, coveredby, inside/; R(0A ,0B°)=
, R(0A°, 0B°) = [disjoint, meet, over
lap, coveredby, inside}; R (0A™, 0B°)= con-
tains , R(0A°, 0B°) = [ disjoint, meet, overlap,

overlap, covers,

inside, equal /; ,

= overlap

covers

covers, contains, coveredby, inside, equal };

R(0OA™,0B°)= coveredby , R(0A°, 0B°) =
inside,  R(0A™ ,0B°)= inside , R(0A°,0R)
= inside; R(0A, 0B) = equal ,

R(0A°,0B°)= inside;

(13) R(OA™, 0B )= equal ,
R(OA~,0B°) = R (0 A°, 0 B ) = contains,
R(0A°,0B°) = {disjoint, meet, overlap, covers,
contains, coveredby, inside, equal}
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Fig. 5 Topological relations between an area A and

B with a hole

S(a),

R(OA™ . OB )= [1 ﬂ CR(OA.OE) =
[i ﬂ,R(aA‘:aB-):“ ﬂ,R(@AO,aB"):

o d

OB°)= overlap R(0A°, OB~ )= overlap R( 0A°,
0B°)= disjoint;

:R(0OA , 0B )= overlap R(0A,

B

I 11
R(@A,@B)—{l 1 1],R(8A,aB°)—
1 1 1

I 11 I 1 1
{1 1 II,R(aAO,aB) {1 1 1},1%(5140,
1 1 1 11
00
0B°)= {0 0 %:| :R(0OA™ , 0B )= overlap
11

R(0A™,0F )= overlap R(0A°, OB~ )= overlap
R(0A°,0B°)= disjoint;

B

ROA™. OB )= E ﬂ CR(OA.OF) =
[i ﬂ,R(@A",aB):“ ﬂ,R(@AO,aB"):

L
1
0B°)= overlap R(0OA°, OB ) = overlap R (0A°,

0B°)= disjoint;
5(b), :

:R(OA™, 0B )= overlap R(0A™,

R(OA ., 0B )= [(1’ “)] CR(DA.OF) =
1

[(1) (‘):|,R(8A°, 0B )= [g J CR(0A°, 0B°) =

L

1

0B°)= contains R(0A°, OB ) = inside R(0A°,

0B°)= overlap;

:R(OA™, OB™ )= contains R(0A™,

11T
R(OA™,0B )= {0 0 ﬂ,l{(aA,aB")
0 0

111 1 0
{0 0 1],R(6A°,83){1 0 %,R(@A",
0 0 1

11

1 1 1

0B°)= |:l 1 1] :R(0A™, 0B )= contains
1 1 1

R(0A™,0F )= contains R(0A°, 0B )= inside

R(0A°,0B°)= overlap;

B

R(OA™, 0B )= [? ﬂ L R(OA,0F) =

[(1) (‘):|,R(8A°, 0B )= [g ﬂ CR(0A°, 0B°) =

0

0B°)= contains R(0A°, 0B )= inside R(0A°,
0B°)= overlap

:R(OA™, OB™ )= contains R(0A™,

, GIS

GIS

5 4 w

) [11] )



2 , 267

3#(1): 8590. ( s R . GIS
[J]. , 2005, 34(1):85-90.)
[8f EGENHOFER M, CLEMENTINI E, DI FELICE P.
T opological Relations between Regions with Holes|[ J].
» International Journal of Geographical Information Science,
, GIS 1994, 8(2): 129-144.
[9] SCHNEIDERM, BEHRT. Topological Relationships between
Complex Spatial Objects[J]. ACM Transations on Database
Systems, 2006, 31(1): 39-81.

’ ’ [10] LIU Bo, LI Dajun, RUAN Jian, et al. Formal
Description of Regions with Hole’ s T opological Relations
P [ J]1. Geomatics and Information Science of Wuhan
University, 2009, 34( 1): 6871. ( s s s
. [J1.
ﬁ%if’ﬁﬁ: : , 2009, 34(1): 68&71.)

[11]  DENG Min, LI Zhilin, LI Guangqiang A Hierarchical
[1] BURROUGH P A, MCDONNELL R A. Principles of

. L Approach to Topological Relations between a Simple A rea
Geographical Information Systems[ M]. Oxford: Oxford

and an Area with Holes[ J]. Acta Geodaetica et Cartographt

U niversity Press, 1998.
ca Sinica, 2008, 37(3): 330-337. ( N N

[2] COHNA G, GOTTS N M. The“EggYolk’ Representation
of Regions with Indeterminate Boundaries [ C | [

Proceedings of GISDATA-Specialist M eeting on Special

[J]. , 2008, 37(3):336-337.)
[12] DENG M in. Extended Models on T opological Relations in
Vector GISs: Theories and Methods[ D] . Wuhan: Wuhan
U niversity, 2003. ( . GIS
[D]. : , 2003.)
[13] ARMSTRONG M A. Basic Topology[ M]. SUN Yifeng,

Objects with Indeterminate Boundaries. London: Taylor &
Francis, 1996: 17+187.

[3] LI Zhilin,ZHAO Renliang, CHEN Jun. An Algebra Model
for Spatial Relations[ C] I Proceedings of the 3RD ISPRS
Workshop on Dynamic and M ult+dimensional GIS.
Bangkok: [s.n.], 2001: 170-177.

[4] EGENHOFER M, FRANZOSA R. Point-set T opological

Translated. Beijing: Peking U niversity Press, 1983.
(ARMSTRONG M A. [M]. R
, 1983.)
Spatial Relations[ J]. International Journal of Geographical o
_ (F Attt AT
Information Systems, 1991, 5(2): 16+174.

[5] EGENHOFER M, HERRING J. Categoring Binary

T opological Relationships between Regions, Lines, Points : 2016-0120
in Geographic Databases [ R]. Oronoi: University of : 2016-05-20
Maine, 1991. : (1983-), , , ,
[6] CHEN Jun, LI Chengming, LI Zhilin, et al. A Voronot
based Sintersection Model for Spatial Relations [ J]. First author : LIU Bo( 1983— ), male, master of scdence,

International Journal of Geographical Information Science,
2001, 15(3): 20+220.
[7] DENG Min, LIU Wenbao, FENG Xuezhi. Generic Model

lecturer, major in geographic information systems theory
and applications.

E mail : liubo_716@ 163. com
of Topological Relations between Spatial Regions in GIS

[J]. Acta Geodaetica et Cartographica Sinica, 2005,



