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Large e�ort is being spent in "the full integration of geospatial data and

geopro
essing resour
es into mainstream 
omputing and the widespread use of

interoperable, 
ommer
ial geopro
essing software through the global informa-

tion infrastru
ture" (OpenGIS 1998, p. iii). Interoperability is "the ability

for a system or 
omponents of a system to provide information portability and

interappli
ation, 
ooperative pro
ess 
ontrol" (OpenGIS 1998, p.74).

A 
lear understanding of the ontologi
al and epistemologi
al status of lo
a-

tion is a basi
 pre
ondition to a
hieve these goals. A 
lear understanding of the

ontologi
al status of lo
ation, i.e., what lo
ation is, is the basis for shareability

of geospatial information. A 
lear understanding of the epistemologi
al status

of lo
ation, i.e., what do we know about the lo
ation of things, is the basis for

representation of geospatial data.

In this thesis a uni�ed view on ontologi
al and epistemologi
al aspe
ts of

lo
ation is provided. The ontologi
al analysis results in the distin
tion between

exa
t, part, and rough lo
ation. Based on this distin
tion a formal analysis

of lo
ation is provided. The epistemologi
al analysis shows that for geospatial

obje
ts only part and rough lo
ation 
an be known and represented.

Spatial obje
ts are lo
ated at regions of spa
e. Exa
t lo
ation is a relation

between an obje
t and the region of spa
e it o

upies. Spatial obje
ts and spatial

regions have a 
ompositional stru
ture, i.e., are made up of parts. The ways in

whi
h parts of obje
ts are lo
ated at parts of regions of spa
e are 
aptured by

the notion of part lo
ation. There are multiple ways how parts of spatial obje
ts


an be lo
ated at parts of regions of spa
e. In this thesis multiple part lo
ation

relations are identi�ed and a 
lassi�
ation of these relations is provided.

Rough lo
ation refers to lo
ation of spatial obje
ts with respe
t to sets of

regions of spa
e that form regional partitions of spa
e. Rough lo
ation is 
har-

a
terized by sets of part lo
ation relations relating parts of obje
ts to parts of

partition regions. Rough lo
ation 
an be 
onsidered as an approximation of

exa
t lo
ation in terms of part lo
ation in a regional partition.

The formal analysis provided in this thesis dis
usses formal models of exa
t,

part, and rough lo
ation, relations between exa
t, part, and rough lo
ation;
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operations on rough lo
ation and their relations to operations on exa
t lo
ation,

and aspe
ts and assumptions of the representability of lo
ation a 
omputer.

The appli
ation of 
on
epts of lo
ation to spatial information systems has

another aspe
t. It involves human knowledge about spatial obje
ts and their

lo
ation in spa
e. Aspe
ts of epistemology, need to be 
onsidered.

One major aspe
t of the epistemologi
al dis
ussion in this thesis is that

from empiri
al means, i.e., from observation and measurement, for almost all

phenomena in geographi
 spa
e all we 
an ever know is rough lo
ation in regional

partitions. These regional partitions are 
reated or sele
ted by the observation

and measurement pro
esses. We do know that there exists one and only one

region at whi
h spatial obje
ts are exa
tly lo
ated in ea
h moment in time. In

general we do not know the identity of this region. We do know approximations

of exa
t lo
ation in terms of rough lo
ation in regional partitions.

Geographi
 information systems (GIS) are supposed to model geographi
 re-

ality based on their internal representation. They represent human knowledge

and data resulting from observation and measurement of geographi
 reality.

Consequently, they need to be suitable to represent rough lo
ation.

In pra
ti
al GIS design it is often ignored that the exa
t lo
ation of most

spatial obje
t is unknown, or not �nitely representable, or both. The analysis

in this thesis shows that the representations used in most GIS are in
omplete

representations of rough lo
ation. Consequen
es are representation errors, in-


onsisten
ies, non-shareability of spatial data, and the non-interoperability of

the di�erent systems.

In order to over
ome these problems in this thesis formal models for geo-

graphi
 obje
ts that take

� the ontologi
al distin
tion between exa
t, part, and rough lo
ation, and

� epistemologi
al aspe
ts of human knowledge about exa
t, part, and rough

lo
ation

into a

ount.

An important aspe
t of modeling of geographi
 reality is to perform opera-

tions. The analysis in this thesis shows, that operations on rough lo
ation are

di�erent from operations on exa
t lo
ation. It is shown that pairs of rough oper-

ation approximate union and interse
tion operations on exa
t regions of spatial

obje
ts.

This thesis veri�es the hypothesis that rough lo
ation is an important 
on
ept

for representation and modeling of geographi
 obje
ts on a 
omputer. In order

to support sound representation and reasoning as well as interoperability and

data ex
hange the distin
tion between exa
t and rough lo
ation needs to be

made expli
it in the underlying representation.
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