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Spatial relations in a topographic information system

At present, distinguishing of spatial relations and their description is one of important
objectives of investigations related to Geographic Information Systems. In this paper, attention has
been focused on topological relations, which are important for a topographic information system,
implemented in the two-dimensional space. Four types of spatial objects have been considered:
a point, a line, and area and an area with and enclave. Each of the objects has the determined
structure, which influences generation of relations between those objects. 42 two-element (binary)
elementary relations and 36 complex relations have been specified. Elementary relations are
indivisible and they create a minimum set, which may be the base for complex relations, required
for a topographical database. Descriptive and graphical determination has been assigned to each
spatial relation.

INTRODUCTION

In Geographic Information Systems, and in particular, in topographic information
systems, relations between object attributes and relations concerning mutual location of at
least two objects in the geographic space, are distinguished. Spatial relations may be
considered in two aspects. The first aspect concerns metric relations between objects in the
geographic space. The second aspect, which is derivative from the first one, concerns
topological relations between representations of objects in the database. Topological
relations are resistant to stretching, scaling and rotating. They are idealisation of metric
relations based on calculations performed using the co-ordinates [14], (Fig. 1).

Within the last two decades increased interest of researchers in relations between spatial
objects and in their implementation in commercial spatial information systems has been
observed. Analyses and queries in spatial databases are based on relations, which occur
between objects in the geographic space [8]. ,,The incorporation of spatial relations over
geometric domains into a spatial query language has been identified as an essential
extension beyond the power of traditional query languages” [7, 17]. Some experimental
spatial query languages support queries with one or the other spatial relationship (Table 1);
however, their diversity, semantics, completeness vary dramatically [4, 2].
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Fig. 1. Examples of metric (a) and topological (b) relations

Table 1. Terms proposed or used for spatial relationships in query languages [6]

Authors

Spatial relationship

J. Freeman [9]
ATLAS [20]

MAPQUERY (8]
KBGIS [18]
KGIS [13]
PSQL [17]

SQL extension [12]

Spatial SQL [4]
Geo-Relational Algebra [11]

left, of, right, of, beside, above, below, near, far, touching, between,
inside, outside

area adjacency, line adjacency, boundary relationship, containment,
distance, direction

on, adjacent, within
containment, subset, neighbourhood, near, far, north, south, east, west
distance, overlay, adjacent, overlap

covering, covering by, overlapping, disjoint, nearest, furthest, within,
outside, on perimeter

adjacent, contains, contains point, enclosed by, intersect, near, self
intersect

disjoint, equal meet, overlap, concur, common bounds

equal, not equal, inside, outside, intersect
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At present, distinguishing of spatial relations and their description is one of important
objectives related with Geographic Information Systems [1, 9]. Probably, it will be difficult
to distinguish one set of relations, which meet the needs of all possible Geographic
Information Systems. In this paper, attention has been focused on relations important for the
topographic information system implemented in the two-dimensional space.

1. Methods of defining spatial relations

Several methods of defining spatial relations exist. One of the first models, developed
by Egenhofer and Franzosa [5], called the 4-intersection model, concerns relations between
two areas. The authors assumed that the area A consists of the boundary JdA, the interior A°
and the exterior A, (Fig. 2).

A° oA A

interior boundary

Fig. 2. The interior and boundary of an area according Egenhofer, Fransoza [5]

Topological relations between two areas are defined basing on a two-dimensional matrix:

(1)

(8A NJB JA mB")
R(A,B) =

A°NdB A°NB°

where: A° — interior, dA — boundary, A — exterior.

8 relations have been distinguished in that model (Table 2).

The 4-intersection mode were developed by Egenhofer, Mark and Herring [6] to the
9-intersection model, which covers relations between areas, lines and points. In the case of
that model, the term ,,area” is similar to the 4-intersection model (Fig. 3a). Besides, an area
with enclaves (holes) is introduced. A region with holes is a region with a disconnected
exterior an a disconnected boundary (Fig. 3b). Two types of lines are distinguished in
a model: a simple line is a line with two disconnected boundaries (Fig. 3¢) and a complex
line is a line with more than two disconnected boundaries (Fig. 3d).

The topological description of the relations between two objects can be presented
as a 3 X3 matrix:

A°NB° A°NdB A°NB-
R(AB)= | JANB® JANJB JANB" )
A"NB° A"ndB A NB
where: A° — interior, dA — boundary, A — exterior.

Introduction of terms: ,,a simple line” and ,,a complex line” as well as areas with
enclaves (holes) makes it possible to generate several hundreds of spatial relations.
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Table 2. Spatial relations in the 4-intersection model, according to Egenhofer and Franzosa [5]

Name of relation Example JAROdB| 0AABO| AOAQB | AOA BO
A B
A disjoints v/ %) (%) %] %)
Y
7
A equal B M > 3%) (%) %] =J
A contains B (%) (%) *=J L%
A inside B Z{/’/ﬁ’ﬁ %) #J ) =
Y777/
A covers B l L1%) %) *J =J
A covered by B 7/’/51 *J = %) *J
4"’[
A meet B @ 1% (%} %) 7]
A overlap B 7% ] =J = *J
# negation @ empty set ~ sum of sets

@b Ry
Fig. 3. A region with (a) connected and (b) disconnected boundary; and a (c) simple and (d) complex line,
according to Egenhofer, Mark and Herring [6]

At present, the 4-intersection and 9-intersection models are the most popular
models of spatial relations. Independently from works headed by Egenhofer, new
proposals of classification and formal description of spatial relations are developed.
Gotlib [10], assuming some assumptions of the 9-intersection model, has classified
spatial relations with consideration of demands of the topographic database. Buczkowski
[3] has developed a model, which considers relations between points, lines, areas
and bodies, which bases the classification of relations on a conventional division
related to the theory of sets.
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a b ¢ d

Fig. 4. Examples of relations between lines in the 9-intersection model.
a, b — relations between two simple lines, ¢ — relation between a simple and a complex line, d — relation
between two complex lines.

2. Names of spatial relations

One of the essential problems involving spatial relations is their terminology. The same
relations can be given several different names. A good example of the above can be the
»covered —by” relation from the ,,4-intersection” model, termed and defined differently by
different authors (Table 3).

Table 3. Different names of the same relation, according to Gotlib [10]

4-intersection .
Authors Gutting Pullar 1 Pullar 2 Wagner
model
Q covered by inside intersect overlap incident intersection

Another example here is the DYNAMO system of the Intergraph Company, where the
same relation between a point and a region is given four different terms: a point touches
aregion, a point intersects a region, an area contains a point and an area encloses a point
(Fig. 5). Understandably, this does not undermine the value of the DYNAMO system, in
which several dozens of spatial relations were implemented.

. a) - point touches area, b) - point intersects area,
c) - area contains point, d) - area encloses point

Fig. 5. Different names of the same relations in the DYNAMO system

It turns out that — using the natural language, the same spatial relation may be called in
different ways. This situation has been even more complicated, since several dozens, or
even several hundreds of relations, are distinguished for some models. It is difficult to call
those relations using a short logical form. Graphical notation of relations or use of special
codes may be the solution.
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3. Types and structures of spatial objects

For a topographic information system, developed in a two-dimensional space, four
types of spatial objects are considered: a point object, a line object, an area object and an
area object with an enclave (a hole). An area with a hole it is not a typical spatial objects. It
has been considered only with respect to demands of defining spatial relations.

P L-=" 0-{ 0 0e-(O)

Fig. 6. Types of spatial objects: P — point object, L — line object, O — area object, Oe — area with hole object

The structure of objects is similar to the one used in the 9-intersection model. The point
object has only a boundary. The line object consists of an interior and boundaries.
Boundaries of a line object are its ends. An area has an interior and a boundary. An area with
ahole is the most complex object. It has an interior and a boundary, and, additionally, it has
an enclave (a hole) and a boundary of an enclave (Fig. 7).
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point oe— boundary

I St point - ph
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- boundary hole’s bO.unda'ry -eb
area with = i1 interior hole s interior - ew
= b
e | hole’s boundary exterior - z
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Fig. 7. Structures of spatial objects

4. Classification and marking of spatial relations

In the case of the proposed model, topological relations between four types of objects
are considered. It has been assumed that each object may be the predecessor (the domain) as
well as the successor (the range) of the relation. Thus, the number of relations is increased
from nine to eighteen, but the practical use of a set of relations is simplified. It has been
assumed that the term exterior is connected with the domain of relations only.
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Pr-P, L-P O-P QOe-P
Li-L2, O-L QOe-]L,

O1- 02 Oe-0,

P>-Pi, P-L P-0O P-QOe
L2-Li, L-0 L-Oe

02- 01, O-Oe,

Fig. 8. Types of relations between spatial objects

The first stage of classification of spatial relations is their division according to relations of
extensions in the theory of sets. This classification is common for all combinations between
four types of objects (Fig. 9).

i SPATIAL RELATIONS

DISJOINT s§ ~ NOT DISJOINT

INSIDE OVERLAP

X disjoint with Y=XNnVY=0
X not disjoint with Y=XNY# J
XinsideY=XCcVYA-~-YcCX
XoverlipY=~XC VYA -YCXAXNnYzOD

where: N multiplication of sets, U sum of sets, C inclusion
& empty set, ~ negation # differece, = equivalence

Fig. 9. Classification related to the theory of sets of spatial relations and formal description of classes of relations,
where: X — domain of relations, ¥ — range of relations

Elementary relations, further marked with the letter e, and complex relations are
distinguished within spatial topological relations. Elementary relations are indivisible, they
create the minimum set, which may be the base for creation of complex relations, required
from the point of view of the topographic database. This results from properties of relations,
which when considered as sets of pairs, allow to perform all operations specified for sets,
such as adding, multiplication, subtracting, symmetric subtracting and complementing.
Besides those, Boolean operations, convers and relative product, specified for relations
only. are considered for the calculus of relations. The convers of the relation R, marked as
R is a relation, which always occurs between x and y, when between y and x occurs the
relation R. The convers occurs for the set of relations presented in Fig.8. The relative
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product of relations R and § is a relation, which always occurs between x and y, if such
zexists, that between x and z the R relation occurs, and between z and y the S relation occurs
[15]. The relative product is useful for defining complex relations.
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Fig. 10. Symbolisation of spatial relations and their formal notation (description of logical symbols according
to Fig.9), a) topological relations, b) notation of relation in the form of diagrams, c¢) names of relations and their
formal description

Each spatial relation has been assigned a description. The first part of this description
points to th etype of objects, between which the relation occurs: PP (point R point), LP (line
R point), OP (area R point), OeP (area with enclave R point), LL (line R line), OL (area
R line), OeL (area with enclave R line), OO (area R area), OeO (area with enclave R area)
and a set of reverse relations. The second part of the description points whether the relation
is disjoint — 0, or not — 1. If the relation ids disjoint there is no sense to continue the division.
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If, however, we consider the relation which is not disjoint, then we deal with relations of:
inclusion — 1, or crossing — 2. The last part of the description, e.g.: 01,02,...12 settles
relations, which belong to various classes (Fig. 13 — 18). Therefore each spatial relation has
its descriptive meaning, e.g.: OL-1-2-05, Oe0-1-2-01, LL-1-1-05 (Fig.10 c). Another way
to determine the relation is a diagram, which presents relations, which occur between
components of various types of spatial objects Fig. 10 b).

42 elementary relations and 36 complex relations have been distinguished in
the proposed model. Fig.11 presents rules of development of those relations. Much
more complex relations may be created, but it has been considered that 78 relations
is sufficient for modelling relations between spatial objects in the topographic database.

. complex
elementary relations relation
O1 02 O
Pi ¢—e P2 \ P3¢=——eP: =
OL-1-1-01 OL-1-1-01 OL-1-1-04

where: O1= 02= 0, P2=P+C ow, Pi#P3Cob

! complex
elementary relations relation
O1 02 O
P1¢—e P2 V), P3gp——e Py = ——
OL-1-1-01 OL-1-1-02 OL-1-2-04

where: O1 = 02 = 0O, Pi=P3C ob, P2Cow, PsCz

Fig. 11. Rules of creating complex relations basing on elementary relations (description of logical
symbols according to Fig. 9)

The next six figures (Fig. 13...., Fig.18) present all spatial relations, which have been
developed. Descriptive notation and a diagram, which shows relations occurring between
components of various types of spatial objects, are related to each relation. Relations have
double description: e.g. OL-1-1-04, LO-1-1-04. This means that for the first relation, the area is
the domain and the line is the range; in the case of the second relation, the domain is the lien, and
the range is the area. On the diagram, the first relation is described by the area delineated by
a grey continuous line, and the second relation is described by the area delineated by the grey
dotted line. Double description of a relation is useful in the case of defining complex relations.

OL-1-1-04

Fig. 12. Description of two adverse relations on a diagram of relations
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Fig. 13. Elementary relations between: a point — a point, a line — a point, an area — a point, an area with an
enclave — a point (a letter e means, that all relations are elementary relations)
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Fig. 14. Relations between: a line — a line (elementary relation are marked by a letter e)
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Fig. 15. Relations between: an area — a line (elementary relations are marked by a letter e)
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Fig. 16. Relations between: and area — an area (elementary relations are marked by a letter e)
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Fig. 17. Relations between: an area with an enclave — a line (elementary relations are marked by a letter e)
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Fig. 18. Relations between: an area with an enclave — an area (elementary relations are marked by a letter e)
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5. Examples of spatial relations in a Topographic Information System

The developed set of spatial relations allows for determination of relations which occur
between objects and classes of objects of the topographic database.
Let us consider relations between class of objects, which create the land cover. Objects of
that class mutually remain in a ,,neighbourhood” relation and they continuously cover the
entire area. At the second classification level, in the land cover class, the following elements
are distinguished: lands under waters, built-up areas, areas covered with trees, areas
covered with bushes, areas of low vegetation, permanent arable areas, transportation areas,
open areas (no vegetation). Four binary relations occur between those classes: OO-0,
00-1-2-01, 0e0-1-2-01, 0Oe0-1-2-03 (Fig. 19). Those relations also occur at the lower
classification level.

1)

00-0 00-1-2-01  0eO-1-2-01  0e0-1-2-03

Fig. 19. Types of spatial relations between land cover classes

The class land use complexes has been distinguished in the topographic information
system. At the second classification level this class includes: industrial and economic
complexes, commercial and service complexes, sporting and recreation complexes, social
and cultural complexes, other land use complexes. Similarly to the land cover issue, this
class includes surface objects. Only two relations: O0-0, OO-1-2-01 may occur between
land cover classes (Fig. 20).

s,
//

L] ,
m v/

00-1-2-01 00-1-2-02
Fig. 20. Types of relations between land use classes

If we consider relations occurring between the classes: land cover and land use complexes,
it turns out that the number of such relations is much higher. In practice, all relations
described in Figures 16 and 18 may occur.

If the considered set of topographic objects is not too big, each two-term relation in that set
may be described in the table of relations (Table 4).
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Table 4. Table or binary relations

i d .
Section of a river axis Section of a h.a.rdene Surface waters flowing
road axis
Section of a river axis LL-1-2-01
Section of a hardended LL-1-2-02 LL-1-2-01
road axis
Surface waters flowing OL-1-1-04 OL-1-1-04 00-1-2-01
QeL-1-2-09
OeL-1-2-13
CONCLUSIONS

At present, distinguishing of spatial relations and their description is one of important
objectives of investigations related to Geographic Information Systems. Probably, it will be
difficult to distinguish one set of relations, which meet demands of all possible Geographic
Information Systems. In the paper attention has been focused on relations, which are
important for a topographic information system, which is implemented in the two-
dimensional space.

The model developed allows for determination of every two-term relation, which
occurs between objects and object classes of the topographic database. The proposed
solution has been based on topological elementary relations, which are indivisible and
which create the minimum set, which was the base for creation of complex relations,
required for the topographic database. Each relation has its own descriptive and graphical
notation — in the form of a diagram.

An arbitrary number of complex relations may be developed in the proposed model.
This model is a model open for other types of relations, which are seldom considered. It has
been planned to expand the model with relations in a three-dimensional space, with
temporal relations, as well as relations concerning scattered files.
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Krzysztof Buczkowski

Relacje przestrzenne w systemie informacji topograficznej

Streszczenie

W systemach informacji geograficznej, w tym w systemie informacji topograficznej wyrdznia si¢ relacje
zachodzace migdzy atrybutami obiektéw oraz relacje dotyczace wzajemnego polozenia przynajmniej dwu
obiektow w przestrzeni geograficznej. Relacje przestrzenne moza rozpatrywac w dwu aspektach. Pierwszy z nich
to relacje metryczne zachodzace migdzy obiektami w przestrzeni geograficznej. Drugi, pochodny wzgledem
pierwszego, to relacje typologiczne zachodzace migdzy reprezentacjami obiektow w bazie danych. Relacje
typologiczne sa odporne na rozciaganie, skalowanie i rotacje. Sa one idealizacja relacji metrycznych opartych na
obliczeniach dokonywanych na wspéirzednych.

Wydzielenie relacji przestrzennych i ich opis jest obecnie jednym z waznych celéw badain zwiazanych
z systemami informacji geograficznej. W pracy skupiono uwage na relacjach typologicznych istotnych dla
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systemu informacji topograficznej realizowanwego w przestrzeni dwuwymiarowej. Rozpatruje sie cztery rodzaje
obiektéw przestrzennych: punkt, linia, obszar oraz obszar z enklawa. Kazdy z obiektow ma okreslona strukture,
istotna dla utworzenia relacji miedzy nimi. Wyrézniono 42 dwuczlonowych (binarnych) relacji elementarnych
i 36 relacji zlozonych. Relacje elementarne sa niepodzielne i stanowia minimalny zbi6r na podstawie, ktérego
mozna tworzyC potrzebne z punktu widzenia bazy danych topograficznych relacje zlozone. Z kazda relacja
przestrzenna zwiazano jej oznaczenie opisowe i graficzne.

W proponowanym modelu mozna utworzyé dowolna liczbe relacji ztozonych. Model jest otwarty na inne,
niezbyt czesto rozpatrywane rodzaje relacji. Planuje si¢ aby rozszerzyé model o relacje w przestrzeni
tréjwymiarowej, relacje temporalne a takze relacje dotyczace zbioréw rozmytych.

Kwivnumogp Byukoscku

IIpocTpancTBeHHbIE peJIsIMH B CHCTeMe Tonorpaguyeckoi HHGopManuu

Pesome

B cuctemax reorpadeckoit HHpopMaunH, B TOM YHCIIE B CHCTeMe Tonorpaduyeckoi HHdopMauuy,
Pa3IMYaAlOTCsA pEJIAUMH, NPOMCXOASIIME MexXdy aTpuOyTamMu OOBEKTOB M PpEISLHH, KacalouHecs
B3aHMHOTO [MOJIOKEHHA, N0 KpaHHEH Mepe, OByX OOBEKTOB B reorpadHYeckoM MpOCTPAHCTBE.
[TpocTpaHCTBEHHDBIE PEIALNH MOXHO PaCCMaTPHBATh B ABYX acnekTax. [IepBblil H3 HUX 3TO METPUYECKHE
pesisiunH, NPOUCXOAsILIKE MeXay 0ObEeKTaMH B reorpaHueckoM NpocTpaHcTBe. BTopoit, mpon3BoaHbIHi
OTHOCHTEJILHO TEPBOr0, 3TO TOMNOJIOIHYECKHE DPENALHH, NPOMCXOASLIME MEXIY NPeacTaBIeHHSIMH
o6bekToB B 6ase maHHbIX. TomomoruyeckHe pESSIMH SIBISIIOTCS YCTOHYHBBIMHU K PAaCTSDKEHHIO
(pacTsixxe), rpagyHpoBaHMio M poTauud. OHM aBISIOTCS MOEATH3AUUEN METPHYECKHX pESILHiA,
OCHOBAHHBIX Ha BbIMHCIIEHHSX NPOBOAUMBIX Ha KOOpAHHATAX.

Brinenenue npocTpaHCTBEHHBIX PEIALMIT H HX OMHCh SBJISIETCS! B HACTOsLIEE BPEMSI OIHOM H3 BaXKHbBIX
Lened HCCIEeOBaHHMH, CBA3aHHBIX C CHCTEMaMH reorpacduyeckoii uHbpopmaunu. B pabore
COCPEAOTOYEHO BHHMAHHE Ha  TOMOJIOTHYECKHX  pEJSIUMSX, CyWECTBEHHbIX [UIA  CHCTEMEI
Tonorpapuyeckon MHGOPMalNH, peaM30BaHHON B ABYXMEPHOM MPOCTPAHCTBE. PaccMaTpuBaloTcs
YEThIPE BHIA NPOCTPAHCTBEHHLIX OOBEKTOB: TOYKA, JIMHH A, IPOCTPAHCTBO (MJIOIIATb) H MPOCTPAHCTBO
¢ 3HKI1aBOM. Kaxabli 3 OOBEKTOB MMEET ONPENENEHHYIO CTPYKTYPY, CYIIECTBEHHYIO [UIS CO3AaHMS
pensAunt Mexay HumH. Boineneno 42 GuHapHble 37€MEHTapHble pesisiid M 36 CIOXKHBIX pEJsiLni.
OneMeHTapHble MeNSUHH HEAEIHMbl M COCTABIIAIOT MHHUMAILHOE MHOXECTBO, HA OCHOBE KOTOPOTO
MOXHO CO3[aBaThb HYXHbLIE, C TOYKH 3peHHs 0a3bpl TOMOrpaMuecKOX AAHHBIX, CIOXKHBLIC pEJIALHH.
C Kaxnoi NMpOCTPaHCTBEHHOM pelisiLUel CBA3aHO €€ ONMucaTeNLHOE H rpaduyeckoe 063HaYeHHeE.



