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Abstract. In this paper, we present a discussion about what semantics is, in or-

der to propose the spatial semantics definition, which is used to generate a se-

mantic description for spatial data. Thus, we have analyzed that it is not possi-

ble to catch the entire semantics from a map, because the semantics is

annotated by the problem context. Therefore, we propose to obtain a partial
semantics, according to a specific context. At the same time, our approach gen-

erates the semantic content of geographic objects involved in a cartographic
vector map. Moreover, we have proposed an ontology to embed the relations,

properties and characteristics that compose the vector maps. Additionally, in
the ontology definition the terms of non-terminal and terminal concepts and the
set of relations have been introduced in this approach. These terms are used to

link raw data from vector maps to an abstract environment in order to construct

a semantic description. Also, we present a case study to point out the way to

generate a semantic map description by using the ontology that has been pro-
posed.

1 Introduction

Nowadays, the semantic interoperability in Geographic Information System (GIS) is
approached by using the spatial semantic representation. This interoperability is based
on the integration of spatial schemas, query languages and sets of semantic rules,
which can provide data knowledge and geographic representation interfaces [1] and
[2].

Several works related to semantic interoperability have been published. In particuи-
lar, [3] presents an approach to semantic similarity assessment combining two differ-
ent strategies: feature-matching process and semantic distance computation.

In [4] and [5] an ontology-driven GIS, as a system integrator has been proposed. In
these works, a special model to conceptualize the geographical information and to
solve problems related to the integration and interoperability in GIS of different types
at different levels of detail has been described.

In [6], the Naive Geography is introduced, as a body of knowledge that captures
the way people of reason about geographic space and time. Probably, future genera-
tions of GIS will incorporate formal models of naive geography.
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Problem or objective (P). It has initial and final states. That is, a study object (O),
a result object (O) and a set of constraints (K) that involve the problem or objective

(see Eqn. 2).

P={0,0,,K}

Context (Y). It is denoted by the problems that can be defined into it (see Eqn. 3).

=UP

Therefore, semantics is always defined by a specific context and it is given by

collection of geographic objects (a map).

3 Spatial semantic definition and description

(2)

(3)

a

We have analyzed different proposals about the semantic characteristics for different

geographical objects that compose the maps. However, to define spatial semantics it
is indispensable to know the context or subject domain that involves the spatial data.

In the last section, we presented some semantic definitions in a different sense and
we finalized that the analogy of the maps can be defined by means of structures ori-

ented to formalize a cartographic description, according to their intrinsic characteris-
tics. This assumption depends on the context, likewise it is important to consider the
subject domain of the spatial structures [14].

Our approach proposes to define a general context for vector maps to obtain the

spatial semantics of the spatial data, by means of an ontology that involves all the

characteristics or essential properties related to geographic objects.

In those terms, we define a map as a spatial partition 2 inside a universe of geo-

graphic objects a, which consists of a set of primitives of representation. 2 is the set

of partitions of the primitives, which can exist into that partition 2 and these are rep-
resented in the same partition [14] (see Eqn. 4).

where:

=a, U{Rp, Rp,Rp.} i=1,..,n,

Rp, is the primitive of representation "linear".

Rp, is the primitive of representation "punctual".

Rpa is the primitive of representation "areal".

i represents the thematic number that involves the spatial partition.

(4)

According to map definition, it has a unique semantics related to the context de-

pendency. Therefore, the union of all the information (geographic objects, relations
and symbol sets) contained in the map, represents the semantics. In this case, regard-

ing the interpretation, we can obtain different approximations.
For instance, people who have more knowledge in a certain field can obtain more

information about a map, than people who do not have cartographic knowledge.

Nevertheless, the information that can be obtained about the map, depends on the
knowledge to handle and interpret the data. However, in some circumstances, it is
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possible that the information quantity obtained by prepared people is the same than

people without preparation. This implies that the map semantics is simple and a un-
expectedly ambiguous.

On the other hand, we have talked about not only the information, which is ob-
tained by a map, but also about the information quantity that can be obtained depend-
ing on the knowledge about the map. However, certain aspects should be considered,

e.g. map purpose, map use, etc. According to these aspects, it is indispensable to
count on a priori knowledge about the map, in order to solve the peculiarities that can
appear in the interpretation and analysis stages [8], [14].

Furthermore, to obtain the spatial semantics, it is important to know the subject
domain that involves the geographic objects, because the semantics depends on the
context.

We propose a subject domain definition, which can be used as an alternative com-

ponent to describe the characteristics that involve a map. It is defined as a set of
"names" that describe the characteristics that compose the primitives of spatial repre-
sentation. Thus, we can start with a priori knowledge about the geographic objects
that appear, e.g. in the map legend. For instance, "blue" lines are united under the
concept (name) "river" and "black" lines are united under the concept "fracture", etc.

In reverse, the different concepts are united under the same description of the spatial
representation that is "line" [14].
As we have already mentioned, we are not able to describe the entire semantics of

a map M. Then, we define a partial semantics S' to be a subset of the semantics S.
See Eqn. 5.

S'(M)S(M) (5)

Moreover, we define the partial semantics in terms of a map description based on
concepts and relations as shown in Eqn. 6.

S'(M)= Dμ (C, R),
(6)

where:

DM is the description ofthe map M.
C is the set of concepts.
R is the set of relations that exist within the map.

We propose to define two types of concepts: terminal (C,) and non-terminal (C)
concepts. The first ones are concepts that do not use other concepts for defining their
meaning (they are defined by simple values). The non-terminal concepts define their
meaning based on other concepts (terminal or non-terminal as well). See Eqn. 7.

C=C UC
(7)

Each concept has a set of attributes. From this point of view, all attributes of a ler-

minal concept are simple, e.g. the type of all attributes belongs to the set of primitive
types (Tp), as shown in Eqn. 8.

* For example, a map to arrive from home to school.
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where:

T ={number, character, string, enumeration, struct)},

A ={a, |type(a,)eT}

Tp is the set of primitive types.

A is the set of attributes.

Then, the set of terminal concepts is defined by Eqn. 9.

C, = {c(a,,a2,... а)э а, ∈ A, i= 1,.., n}

(8)

(9)

In the same way, the non-terminal concepts have at least one attribute that does not

belong to Tp set. It is denoted by Eqn. 10.

CN = {c(a,,a2,...,а,) За, & A} (10)

Finally, the set of relations R is defined by the set of pairs that are related to I and

Ф, where Г and are non-reflexive, non-symmetric and transitive relations (see Eqn.

11).

R=RUR = {(a,b)|aTb, ae CN, be C}U{(a,b)|aФb, ae CN, beC} (11)

Fig. 2 shows the proposed ontology to extract the map semantics to generate a se-

mantic description, which represents the relations among the characteristics that in-

volve the maps.

As we have denoted, the ontology consists of two types of concepts: non-terminal

and terminal and a set of relations. The relations that provide the ontology are the fol-

lowing: "has" () and "is-a" (Ф).

As we can see in Fig. 2, we use three relations in the ontology, but they are used to

denote a symbology. The "has-a" relation is a particular case of the "has" relation

(the cardinality of the relation is exactly one).

In addition, Fig. 2 shows only some set of concepts because of showing everything

is difficult due to space limitations. These concepts are represented by "boxes with

three points". For instance, in the case of concepts, they are punctual, also there are

two concepts (town and village), but it is possible that many others can exist such as:

archeological sites, monuments, wells, buildings, etc.

9 The cardinality of is-a relation is always 1.
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Fig. 2. Ontology to extract map semantics

As we had mentioned the information quantity that can be obtained from a map, is
restricted by the context. Then from this point of view, the context is a subset of the

ontology, since the defined ontology is general.
In other words, the context is a type of map description that does not have spe-

cific values (see Eqn. 12).

Y(M)D (C,R) (12)

In Fig 3, we depict the context for hydrologic maps, it is possible to appreciate that
hydrologic maps is a subset of the ontology as shown in Fig. 2.

Also, Fig. 3 describes the context of maps with hydrologic thematic of a linear
type. As we appreciated in Fig. 3, there are concepts related to neither linear nor areal
objects¹0. However, the relations are preserved regarding the general ontology.

10 Note that there are neither measurements nor spatial relations that involve the type of ob-
jects.
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4 Case study

Fig. 3. Example of context (Linear - Hydrology - Network)

In this section, we present a case study to show the use of the proposed ontology to

describe the spatial semantics for a thematic map.

The map described in Fig. 4, depicts different thematics, which are composed of

different layers, where each layer contains objects of a type of a spatial representation

primitive.
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Fig. 4. Thematic map used for the case study

Moreover in Fig. 4, we can appreciate that the map contains Populations (POР),

Hydrologic Network (HYN), Roads (ROD) and Soils (SOL). In addition, each the-

matic and its layers are presented in the legend, and they are described by specific
symbols. In this case, the map is composed of 3 punctual objects, 6 linear objects and

5 areal objects.
This map shows situations that are frequently presented in real maps, because there

are diverse relations, properties and symbols for every geographic object represented

in the partition.
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