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Natural language describes the nature of people’s internal representation of space and
is the primary means for representation and exchange of geographical information,
such as geographical entities, spatial relations, etc. Spatial relations are the associa-
tions or connections between different real world features, and play an important role
in spatial data modeling, spatial query, spatial analysis, spatial reasoning, and map
comprehension [1]. The semantic research of spatial relations is the premise and ba-
sis for the description and expression of spatial relations. Spatial relations have been
in a high priority in many research fields, such as linguistics, cognitive science, GIS
and spatial reasoning. The linguistics field focus onthe words, lexical, syntactic
and semantic structure of spatial relation expressions, and the relationship with
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Abstract. Spatial relation terms can generally indicate spatial relations de-
scribed in natural language context. Their semantic representation is closely re-
lated to geographical entities and their characteristics e.g. geometry, scale and
geographical feature types. This paper proposes a quantitative approach to ex-
plore the semantic relevance of spatial relation terms and geographical feature
types in text. Firstly, a classification of spatial relation terms is performed. Se-
condly, the “Overlap” similarity measure is introduced to define the relevance
of spatial relation terms and geographical feature types based on a large scale
annotation corpus. Thirdly, the relevance is expanded with the semantic dis-
tance and hierarchical relationship of the classification system of geographical
feature types. Finally, a knowledge base based on protégé is developed to for-
mally represent and visualize geographical feature types, spatial relation classi-
fications, and the relevance of spatial relation terms and geographical feature
types. This study indicates that spatial relation terms are strongly relevant to
geographical feature types. The semantic representation of topological relation
terms is diverse and their relevance with geographical feature types is much
stronger than directional relation and distance relation terms, but the annotation
quality and the classification granularity of geographical entities in the corpus
have a great effect on the performance.
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human’s spatial cognition [2][3]. In recent years, spatial relations in natural language
have become a hot topic of geographical information science. Mark [4] and Lau-
tenschiitz [5] investigated the influence of geometry and scale characteristics, spatial
relation types and geographical feature types on human’s chosen of spatial relation
terms by questionnaire method, and then Mark [6] made a further research on the
mapping between spatial relation terms and GIS computational model. Shariff [7]
and Xu [8] summarized the knowledge rules of different geographical feature
types and spatial relation vocabularies to construct asemantic mapping model
of spatial relation terms. Du and Wang [9] explored the formal expression of GIS
querying sentences described in a restricted syntactic pattern of spatial relation de-
scriptions in natural language.

Spatial relation terms can indicate spatial relations described in natural language
context. Different from the early models of spatial relations which focused on the
geometry, it is now widely recognized that the semantic meaning of spatial relation
terms is also dependent on functional and pragmatic features in situated context [5].
Their semantic descriptions in natural language are closely related to geographical
entities and their characteristics of geometry, scale and geographical feature types.
Especially, some spatial relation terms can be used for several different geographical
feature types, while some are just for a certain geographical feature type. For exam-
ple, the spatial relation term of watershed is used to indicate the junction between
mountains and waters, and cannot describe geographical entities of other geographical
feature types. This paper proposes a quantitative approach to explore the relevance of
spatial relation terms and geographical feature types from text corpuses and the classi-
fication system of geographical feature types. Properly understanding the semantic
meaning of spatial relation terms in text will improve geographical information re-
trieval, GIS natural language query, extraction of spatial relations from text, and qua-
litative spatial reasoning.

The reminder of this paper is structured as follows: Section 2 investigates the basic
categories of spatial relations in natural language, and the classification of spatial
relation terms. Section 3 discusses the calculation of relevance of spatial relation
terms and geographical feature types based on Corpus and geographical feature types.
The semantic knowledge expression of spatial relation terms based on Ontology is in
section 4. The conclusion and future work are given in Section 5.

2 Classification of Spatial Relation Terms

Spatial relations are considered to be one of the most distinctive aspects of spatial
information. According to Egenhofer and Franzosa’s argument, spatial relations can
be grouped into three different categories of topological relations, direction relations
and distance relations. Natural-language spatial relations are spatial relations de-
scribed in natural language among people’s daily communication, it is much closer to
people's habit than GIS spatial relations [10]. For example, the description of
“Yangtze River is across Nanjing city in the northwest, and is 10 kilometers from
XinJieKou Shop”, there are a topological and direction relation between Yangtze
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River and Nanjing city, and a distance relation between Yangtze River and XinJieKou
Shop. The description and expression forms of spatial relations in natural language
and GIS are very different. Spatial relations in natural language are richer, but with a
qualitative, fuzzy, uncertainty and unstructured characters, while spatial relations in
GIS are quantitative, structured, and accurate. Topological relations have long been
considered as the most important spatial relations in GIS while direction and distance
relations are with the highest using frequency in people’s daily life. Spatial relations
in natural language are expressed through a series of spatial relation terms. In differ-
ent language, those terms are with different diversity and complexity. Taking the
spatial relation term of “crossing” in English for example, in Chinese it can be ex-
pressed as “%#(chuanyue, crossing)”, “3¢ X (jiaocha, crossing)”, “## i (hengguan,
crossing)”, etc. Meanwhile, some spatial relation terms in Chinese indicate more than
one spatial relation type. For example, the spatial relation term *“Jt%E(beikao, north
and near)” not only expresses the north direction but also implies a topological rela-
tion of extended connection. In addition, there are some spatial relation terms in text
descriptions whose semantic meanings cannot be expressed with existing calculation
models of GIS spatial relations. Taking the spatial relation term of “3Z it (zhiliu, tribu-
tary)” for example, it may describe an including relation of the main vein and tributa-
ries of a river, however, this semantic relation cannot be expressed in GIS spatial
relation models.

Region connection calculus (RCC) model takes geographical entities in the real
world as a region and describes spatial relations with the region connectedness [11].
Therefore, it is in accordance with human’s cognition habit and more suitable for
qualitative representation and reasoning of spatial relations. The ternary point confi-
guration calculus (TPCC) describes directions such as front, back, left and right [12].
Distance relations specify that how far the object is away from the reference object.
Based on RCCS8, TPCC, and the frequency of spatial relation terms in natural lan-
guage context, basic categories of spatial relations and classifications of spatial rela-
tion terms are described in Table 1.

From table 1, we can see that one spatial relation category may include multi-
spatial relation terms, and one spatial relation term may correspond to more than one
spatial relation categories. Also, there are some commonly used spatial relation terms
which cannot be clustered into these categories, such as between, round, etc. Here it
should be noted that this paper only discusses a binary instance of spatial relations
between two geographical entities, not consider the composite spatial relations. For
some compound spatial relation terms, the classification will be determined by the last
direction word, such as “M754 & (zhongnanbu, central south)” with a direction of
south. Also, there are some connected words which cannot reflect topological or di-
rection relations but provide the connection between the source and target objects. So
they play a role in auxiliary judgments of spatial relations, such as “located”, “is”,
“as”, “with”, “by”, etc.
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Table 1. Samples of classifications of spatial relation terms

Spatial Relations

Spatial Relation Terms

Topological relation
.....IN(tangential and non-
tangential proper parts)
EC(extended connection )
DC(discrete connection)
.....PO(Partially overlap)

EQ(equality)

‘81 % (baohan, including), J& T (shuyu, belong to)

FH#E (xiangjie, touch), it A(liuru, flow into)
#H B (xiangli, discrete connection), HE(xiangju, apart)
1% (guanchuan, run through), 22 (jiaodie, overlap)

FH%% (xiangdeng, equal), %14 (bieming, alias)

Directional relation

Relative direction

.....F(front)
...BE(behind)

...L(left)
...R(right)
...A(above)
...BW(below)

INT( inner)

EXT (exterior)

Absolute direction

...E(east)

...W(west)

...S(south)

...N(north)

C(centre)

...NE(northeast)

...SE(southeast)

...NW(northwest)

SW(southwest)

T 3k(qgiantou, front), [ #B(gianbu, anterior)

& i (houduan, back-end), f& i (houmian, behind)

71323 (zuobian, left side), 7 [ (zuomian, left)

4 il (youbian, right), 45 ¥ (youduan, right)
_¥ii(shangduan, above), _Eifi(shangmian, above )

T ¥ (xianduan, below), T (xia, below)

N (nei, in), A #F(neibu, inner), . [ (limian, inside)

A4 (wai, outer), 7} #&F (waibu, exterior), %k 3k (waitou,
outside)

75 J7 (dongfang, east), Z<%i(dongduan, east), Z<(dong,
east)

P ufi(xiduan, west), FEHR(xibu, west), PE(xi, west)

4 %0 (nanbu, south), Fd (nan, south), ¥ J7 (nanfang,
south)

4t 1 (beimian, north), 4k 5 (beifang, north), It (bei,
north)

H1#(zhongbu, middle), *:(x(zhongxin, center)

7k JE 1] (dongbeimian, northeast), ZR ]k /7 (dongbeifang,
northeast)

7R Fd3Z1(dongnanbian, southeast), ZR /7 (dongnanfang,
southeast)

74k (xibei, northwest), P8 kB(xibeibu, northwest)

V8 F &B (xinanbu, southwest), P8 Fd 3/ (xinanbian,

southwest )

Distance relation

5 B (juli, distance), #H & (xiangli, distance), +H FE

(xiangju, apart from)
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3 Calculation Method of Relevance

3.1 Calculation Based on Corpus

A binary spatial relation could be formalized as < geographical entity A, spatial rela-
tion terms, geographical entity B > in natural language context. Obviously, one spatial
relation term should associate with a pair of geographical entities. For the con-
cept characteristics of geographical entities could be defined by the type of geograph-
ical features, therefore, a single spatial relation can be further abstracted as < feature
type of geographical entity A’ , spatial relation term, feature type of geographical
entity B’ >. There is an order for target and reference objects in spatial relation de-
scriptions. To simplify the calculation, this order between A and B is not distin-
guished in this paper. In linguistics, a text corpus is a large and semi-structured set of
texts which are used to do statistical analysis and hypothesis testing, checking occur-
rences or validating linguistic rules on a specific universe. This paper takes the large
scale annotation corpus (Geocorpus) of spatial relations of “Chinese Geography En-
cyclopedia” from paper [13] as an experimental data, and summarizes 600 commonly
used spatial relation terms. Overlap is a classic calculation method for semantic rela-
tions, and it is based on the co-occurrence frequency of two events in a data set [14].
Therefore, the relevance of spatial relation terms and the type of geographical entities
based on Geocorpus can be defined as in formula 1.
ITNA’B|

R(T AYBY) = e

ey
In formula 1, T represents the occurrences of a spatial relation term in the Geocor-
pus, A' and B' denote the occurrence of two geographical feature types, R indi-
cates the relevance degree between T and a pair of A 'and B'. Taking the spatial rela-
tion term of “Jit A\ (liuru, flow into)” and “Jt#(beibu, north)” as example, the results
of the relevance are just as shown in Table 2.

Table 2. Relevance of spatial relation terms and geographical feature types based on corpus

Spatial Relation Geographical Feature | Geographical Feature Rel

Terms T Types A’ Types B’ clevance
river ocean elements 0.8333
A river lake 1.0000

(liuru, flow into) ’
river river 0.1333
resident natural landscape 0.1428
b3 resident river 0.0714
(beibu, north) Natural landscape natural landscape 0.0444
natural landscape Lake 0.2222
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The annotation and experiment result shows that spatial relation terms are strongly
relevant to geographical feature types. The term of “It#l(beibu, north)” is related to
resident, river, natural landscape, and the other geographical feature types, while the
term of “¥it A(liuru, flow into)” is just in co-occurrence with ocean, lake and river in
the corpus. However, some of the relevance has a higher R-value, and some is lower.
This is because that there is a natural phenomenon of imbalance of geographical con-
cepts in the real world. Text is a main expression vector of people’s cognition from
real world, so the geographical concepts in the Geocorpus are not in an imbalance.
Meanwhile, some geographical concepts in the Geocorpus have a coarse granularity.
Therefore, the R value is higher when the phenomenon is more common.

3.2  Calculation Based on Geographical Feature Types

There is a level and hierarchical relationship in the classification system of geograph-
ical feature types. It could be seen as a semantic network diagram. In this diagram,
each node represents geographical feature types, edges indicate their relationship, and
the weights of edges represent the semantic distance of geographical feature types.
With this distance, the semantic relation and relevance between geographical feature
types can be analyzed. Based on the relevance from corpus calculation, a quantitative
approach to expand the relevance of spatial relation terms and geographical feature
types from the classification system of geographical feature types is proposed.

In theory, a pair of geographical feature types with the father-son relationship
has a higher semantic relation than brotherhood or nephew relationship. Terms which
describe spatial relations between the father geographical feature types cannot de-
scribe their son geographical feature types. However, spatial relation terms for the son
geographical feature types can also describe their father geographical feature types.
Therefore, the semantic relevance between spatial relation terms and geographical
feature types should be with a consideration of the semantic distance and the inherit-
ance direction of geographical concept. Assuming that C1 and C2 represent a pair of
geographical feature types respectively and their semantic relation in the classification
system is R’, and o is the semantic relation value. The specific calculation rules are as
follows:

e If C1 and C2 have a father-son relationship, then R ' (C1, C2) = a (0 <a <1, the
default value is 0.75); if C1 and C2 have a reverse relationship, then R' (C1, C2) =
L

e If Cl is inherited indirectly from C2 among n concepts, then R' (C1, C2) =a" (
O<a<l, the default value is 0.75) ; If C2 is inherited indirectly from C1 among n
concepts, then R' (C1, C2) =1;

e If Cl1 and C2 have a brother relationship, then R' (C1, C2) =a (0O<a<l1, the default
value is 0.75) ;

e Other relations are defined with the above composition.

With the above calculation rules, if the spatial relation term T is in co-occurrence with
geographical feature types A ' and B' in the Geocorpus, then taking A 'and B' as a
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starting point and R as weight value to expand the semantic relevance between T and
the pair of A 'and B'. For the hierarchical relationship of geographical feature types in
the classification system, the relevance value is expanded with an iterative calcula-
tion. This calculation will stop until no new semantic relevance occurs.

With the 600 commonly used spatial relation terms and classification system of
geographical feature types (GB/T 13923-2006), the relevance is a large net structure
chart. Taking the term “Jfit A\ (liuru, flow into)” as an example, the relevance is as in
Figure 1.

asgingle geographical
feature type

- e = == ==

apair of geographical
feature types

—— = -

)

=
o

lvﬂ%ﬂ )

the relevance of spatial
relation terms and
eographical feature types

Fig. 1. The relevance of “Ji{ \ (liuru, flow into)” and geographical feature types

In the experiment, the R-value stands for the relevance degree between spatial
relation terms and geographical feature types. With the classification system of geo-
graphical feature types, the relevance value is expanded. However, some of the relev-
ance has a higher R-value, and some is lower than 0.05. In order to keep the balance
of the relevance we can set and adjust a threshold to filter the uncommon relevance in
a text corpus, such as 0.05 for “ A (liuru, flow into)”. Then the term “Vi A (liuru,
flow into)” only describes spatial relations of geographical entities of water system,
such as river, ocean and lake. As we all know, there are a lot of spatial relation terms
to describe spatial relations of river, ocean, lake, etc, however, people are used to
choosing “Jit A\ (liuru, flow into)” to describe them in daily life. Therefore, this result
comparatively conforms to people’s language and cognitive habit. In addition, the
relevance of topological relation terms and geographical feature types are significant-
ly stronger than directional relation and distance relation terms.
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4 Semantic Knowledge Expression Based on Ontology

Ontology formally represents rich knowledge as a set of concepts and the relation-
ships between those concepts within a domain. It can improve the consistency, accu-
racy, reusability and sharing features of knowledge to understand and use. In this
paper, a knowledge base is developed based on protégé to formally represent and
visualize geographical feature types, spatial relation classifications, spatial relation
terms and their relevance with geographical feature types (see Figure 2). Geographi-
cal feature types and spatial relation classifications are expressed with a class in
OWL language, and the hierarchy relationship is established by the subClassOf. The
ObjectProperty expresses the semantic relations between spatial relation terms and
geographical feature types, and the quantitative constraint values are organized in
DatatypePoperty. Then the relevance is defined a property with “rdfs: domain” and
“rdfs: range” respectively, which can restrict the application fields and scope. Finally,
instances of spatial relation terms can be made according to the semantic relevance of
ObjectProperty and DatatypePoperty. This knowledge base can improve GIS natural
language query, extraction of spatial relations from text, geographical information
retrieval, qualitative spatial reasoning, etc.
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Fig. 2. Knowledge base of the relevance of spatial relation terms and geographical feature types
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5 Conclusion

Based on a large scale text corpus and the geographical feature classification scheme this
paper proposed a method to explore the relevance of spatial relation terms and geograph-
ical feature types. The experiment indicates that our proposed approach can effectively
obtain meaningful results. However, the annotation quality of the corpus and the classifi-
cation granularity of geographical entities have a great effect on the performance, espe-
cially for a general dataset. In our future work, we will start the classification on different
kinds of texts describing the same kind of data (e.g. documents addressing only water,
sea) in order to better extract relations specified for a particular domain. Moreover, to
simplify the calculation, the order between geographical entities of A and B is notdistin-
guished in this paper. In addition to geographical feature types, geometric features and
spatial scales of geographical entities also have an effect on spatial relations. Obviously,
the semantic relevance of spatial relations and geographical feature types can be further
improved with a comprehensive consideration of the description order, scale and geome-
tric features in a further research.
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