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ABSTRACT

Ontology specification is a core component of the Semantic Web,
and facilitates interoperability among different systems that use
distinct models. Developing a spatial ontology will allow many
applications that have spatial objects to interact. In this paper, we
formalize 2-D spatial concepts and operations into a spatial
ontology. We show how these concepts can be realized in Protégé
[30]. The Protégé spatial ontology provides spatial built-ins that
can be used to provide a spatial dimension to other ontologies
when needed. We give some examples of the use of our ontology,
which is based on a standard Geometry class hierarchy [23], with
a few modifications.

Categories and Subject Descriptors:

H.2.8 [Database Management]: Database Applications — spatial
databases and GIS; 1.2.4 [Artificial Intelligence]: Knowledge
Representation Formalisms and Methods — semantic networks.

General Terms: Design

Keywords: Ontology, spatial database, semantic web, Protégé

1. INTRODUCTION

Ontology [10, 20] is considered to be a core component of the
Semantic Web [7]. With the reasoning, inferencing, and
representation mechanisms associated with an ontology, it
becomes possible that systems with different definitions of the
same concepts can interoperate with each other. In addition, a
nearly complete description of concepts in a particular area of
knowledge becomes readily available for interested users. In this
paper we focus on spatial ontology. Representing spatial
knowledge is a basic problem in many applications, such as GIS
and map applications. In the past few years, work on spatial
ontologies has focused on two main areas: spatial database
integration [8, 9, 12] and spatial ontology creation and its use in
the semantic web [5, 29, 11, 14]. In spatial database integration, a
spatial ontology is used as a tool to integrate different spatial
databases. In spatial ontology creation, there are two different
major approaches. First, by analyzing a collection of existing
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spatial databases and methodologies, a spatial ontology model is
defined based on those databases [5]. However, this leads to the
problem that the created spatial ontology will be limited to those
databases and consequently will not be sufficient to be a standard
for representing a complete formal spatial ontology. The second
approach in spatial ontology creation is to define a complete
spatial ontology model. For example, in [29], they propose to
create a spatio-temporal ontology based on the MADS model,
which allows a regular database to model spatial and temporal
characteristics [24, 25]. However, this approach has not been
materialized in an implemented system, and there is no formal
specification of spatial ontology developed from this approach. In
addition, it is limited to the polygon data type only. Thus, the
complete set of operations among point, line, and polygon is
lacking. Finally, in [11, 14], they propose using the RCC8
calculus [26] for spatial reasoning on regions, but they do not
propose a complete spatial ontology, which is the ultimate goal of
our work.

Our work gives a formal specification of spatial ontology, defines
a complete collection of spatial operations, and provides a general
spatial ontology implemented in Protégé. Many researchers have
worked in the area of Temporal and Spatial Ontology [19, 29, 8,
5,9, 18, 22, 13, 6, 12, 1, 4]. A specification of temporal ontology
was introduced in [13]. It clearly discussed temporal ontology
formalization, and comprehensively defines temporal concepts
and operations. It is based on the temporal logic developed by
Allen [2, 3]. The following is an example of the Meet operation
between two time intervals formalized by [13], assuming that Ty,
T, are two time intervals and t is a time instant.

Meet(T4,T,) = (3t)[ends(t,T,) Abegins(t,T,)]

A complete formalization of ontology forms the basis and
reference for ontology implementation. In addition, since the
temporal ontology specification in [13] was intended to capture all
temporal reasoning on web pages, it is gradually becoming the
standard for temporal ontology specification.

One of the main applications of spatial ontology is GIS
applications. Although spatial concepts and operations have been
specified in many works [23, 24, 25, 28, 31], there are few
attempts at specifying a complete formal ontology for spatial
concepts. Spatial operations are more complex than temporal
operations, and can be defined over multiple dimensions,
especially two and three dimensions, whereas temporal operations
are only on one dimension. Figure 1 shows how the Meet
operation is different in one dimension and two dimensions.
Additionally, temporal operations have only two directions



(before and after) whereas for two dimensional spatial operations,
there are continuous directions along 360° of a two dimensional
space. Figure 2 shows eight directions, at 45° intervals. (East is 0°,
north is 90°, west is 180°, etc.).
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Figure 1. The difference of Meet operation in 1-D and 2-D
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Figure 2. The difference of direction between
temporal operation (1-D, left) and spatial operation (2-D, right)

In recent years, spatial or location-based applications have
received a lot of attention. Examples include Google Maps and
other location-based applications. One of the main advantages of
having a spatial ontology specification is that such a specification
acts as a conversion medium among various applications, which
allows communication among different systems without requiring
one system to know the exact description used by other systems.
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Spatial Built-ins

Formalization of
Spatial Ontology

Protégé-OWL 3.4.4 Platform

Figure 3. An overview of our methodology

In this paper, we present preliminary results towards our long-
term goal of a complete two-dimensional spatial ontology
specification. We will first formalize the spatial ontology concepts
and operation definitions, then discuss a method to add spatial
dimension to existing ontologies. Particularly we use a technique
similar to the “lightweight” temporal ontology introduced in [22]
so that we can incorporate a spatial layer into existing ontologies
without requiring significant changes to the original ontology. We
also implement spatial built-ins in Protégé based on the concept
and operation definitions in the spatial ontology formalization to
do spatial reasoning, inferencing and querying on ontology.
Figure 3 shows an overview of our methodology for spatial
ontology development.

As mentioned earlier, spatial operations are much more complex
than temporal operations. Therefore in this initial effort we will
only focus on a subset of two-dimensional spatial operations.
Considering spatial relationships, there are six major types as
follows: (1) Point VS Poaint, (2) Point VS Line, (3) Point VS
Polygon, (4) Line VS Line, (5) Line VS Polygon, and (6) Polygon
V'S Polygon. In this paper only spatial relationships between Point
and Line (i.e., (1), (2), and (4)) are covered. Other relationships
will be covered in future work.

The rest of the paper is organized as follows. Section 2 discusses
the spatial ontology formalization consisting of spatial concept
definitions and spatial operation definitions. Section 3 discusses

how the defined ontology is implemented in Protégé, along with
some small examples to show how it works. Section 4 presents
conclusion and future work.

2. SPATIAL ONTOLOGY
FORMALIZATION

2.1 Formalization of Concept Definitions

In [23], a geometry class hierarchy is proposed for 2-D objects.
The hierarchy shown in Figure 4 is based on the one in [23], with
some minor modifications to allow our formalization.
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Figure 4. Geometry class hierarchy

Considering the leaf nodes in the hierarchy of Figure 4, the
geometry objects can be categorized into 8 types as shown in
Figure 5.

Point (p)

Single Line (sl)

Connected Line (cl): Non-Ring (nr)

Connected Line (cl): Ring (r)

Polygon (a)

MultiPoint (mp)
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Figure 5. Types of geometry object in 2-D space

Our proposed spatial ontology consists of two parts: concept
definitions and operation definitions. The following is the
formalization of concept definitions.

In order to be used in the ontology, the concept definitions of all
geometry object types in two-dimensional space (see Figure 4 and
5) have to be defined. For simplicity, we shall assume the 2-D
coordinate system based on longitude and latitude, although the
formalization can be adapted to other 2-D coordinate systems.

1. Point (p)
Point can be defined by longitude(x) and latitude(y).

Point(p) = (x,y) where x = longitude and y = latitude

2. Single Line (sl)

Single line can be defined by any two points.

SingleLine(sl) = (p,,p,) ; P1,P, are points and p; # p,.

3. Connected Line (cl): Non-Ring (nr)

Non-ring connected line can be defined by a sequence of points

(p1, P2, px), N =3, and p; # p; for i # j, which in turn defines a
sequence of single lines (si, sl,, ..., sly_;) and each sl; = (p;, piz1)-



In other words, the sequence must contain at least two single lines
and each p; is connected to p;. for i<N.

NonRingConnectedLine(cl:nr) = (p;|1 <i < N,N = 3,p; # p;
fori #j,sl; = (p;, pis1), Meet(sl, sl;,,) = true fori=1,..,N — 1)

4. Connected Line (cl): Ring (r)

Ring connected line is defined as a sequence of points
(p1, 02 - pw), N = 3, and p; # p; for i # j, which in turn defines a
sequence of single lines (sly, sl,, ..., sly) where each sl; = (p;, pis1)
for i=1,2,...,N-1 and sly = (py,p,).- However, the area inside the
ring is not part of the connected line.

RingConnectedLine(cl:T) = (p;|1 < i < N,N = 3,p; # p; for i #j,
sly = (pi,piss) for i = 1,2,...,N = Land sly = (py,p1),

Meet(sl;, sl;,,) = true fori=1,..,N — 1, Meet(sly,sl;) = true,
and area(r) = 0)

5. Polygon (a)

Polygon is defined as a sequence of points (p,,p, .., py), N = 3,
and p; # p; fori # j, which in turn defines a sequence of single
lines (sly,sly, ..., sly) where each sl; = (p;,pisq) for i=1,2,...,N-1
and sty = (py,p1), and the area within is part of the polygon.

Polygon(a) = (p;|1 <i < N,N = 3,p; # pj for i # j,sl; = (i, Di+1)
fori=12,..,N —1and sly = (py,p1), Meet(sl;, sl;;1) = true
fori=12,..,N —1,Meet(sly,sl,) = true, Cross(sli,slj) = false
for alli,jwherei # j,and area(a) # 0)

6. MultiPoint (mp)
MultiPoint can be defined as a set of two or more points.

MultiPoint(mp) = {p;|]1 < i < N,N > 2}

7. MultiCurve (mc)
MultiCurve can be defined as a set of single line(s) or connected
line(s).

MultiCurve(mc) = {c;|c; =slV¢;=c;1<i<N,N > 2}

8. MultiPolygon (ma)
MultiPolygon is defined as a set of two or more polygons.

MultiPolygon(ma) = {aq;|]1 < i< N,N > 2}

2.2 Formalization of Operation Definitions

As mentioned earlier, we only present the relationships and
operations related to lines and points in this paper. We can divide
these operation definitions into six different categories depending
on the pair of spatial objects.

Point and Point

Point and Single Line

Single Line and Single Line

Point and Connected Line

Single Line and Connected Line

Connected Line and Connected Line

S wdE

2.2.1 Point and Point
There is only one relationship between point and point.

1. Equal
Two points are equal if and only if they have exatly the same
longtitude and latitude respectively.

Equal(py,p;) = p1.X = P2 X APy = P2.¥
2.2.2 Point and Single Line

Considering point and single line, there are two possible spatial
operations: Endpoint and Ontheline.

1. Endpoint

Endpoint is a relationship between point and single line. In the
formalization, we sometimes need to distinguish unambiguously
the two endpoints so we define two operations on a line:
EndpointNe and EndpointSw. North and south will have
precedence in distinguishing the endpoints and east and west will
be used only if a line is horizontal. That is, the end point of the
line with higher latitude will be classified as EndpointNe
regardless of whether the longitude is either east or west. Figure
6(a) shows some examples of how the endpoints are categorized.

A point p will be an endpoint of single line sl if and only if p is
equal to either one of the single line endpoints.

Endpoint(p,sl) =p =sl.p; Vp =sl.p,

EndpointNe(p, sl) = Endpoint(p, sl) A (3p,)[Endpoint(p,,sl) A
p#Ep A((sl.p.y >slp.y) V(sl.p.y =sl.p.y Asl.p.x > sl.p;.x))]
EndpointSw(p, sl) = Endpoint(p, sl) A (3p,)[Endpoint(p,,sl) A
PEPLA ((sl.p.y <sl.p.y)V(slp.y =sl.p;.yAsl.p.x < sl.pl.x))]

The relationship between EndpointNe and EndpointSw can be
specified as follows:

EndpointNe(p,, sl) A EndpointSw(p,,sl) -
[(sl.p1.y1 > sL.pp.y2) V (sL.p1.y1 = sL.py.y2 Asl.py.xy > sl.py.x5)]

We can now define two unary operations on single line, slope and
distance, as follows (these are used in our specification of some of
operations):

Slope(m, sl) = EndpointNe(p,,sl) A EndpointSw(p,, sl) A

m = [(p1-y = P2-¥)/ (P1- X = pa-%)]

Distance(d, sl) = EndpointNe(p,, sl) A EndpointSw(p,, sl) A
d = [squareroot((p,.y — p2.¥)? + (p1.x — po.2)?)]

2. Ontheline

Ontheline (see Figure 6(d)) is a relationship between point and
single line. If a point p is on the single line sl then the slope of the
point p to one of the endpoints of the single line must be equal to
the slope of the single line. In addition, the point p has to fall on
the single line. We also have a function to create a single line
given two points: CreateSingleLine(sl,x,y) where sl is the created
single line and x,y are the two endpoints.

Ontheline(p, sl) =
Slope(my, sl) A CreateSingleLine(sly,p, sl.p;) A Slope(m,, sly) A
my=my A(SLp.x; Sp.x <SLpyx, VSLpy X, S p.x < slpyxy)

An endpoint is also considered to be on the line.
Endpoint(p, sl) - Ontheline(p, sl)

2.2.3  Single Line and Single Line

There are five main relationships between single lines.

1. Equal
Two single lines are equal if and only if they have exatly the same
points.

Equal(sly, sly) = sly.p; = sly.py Asly.p, = sb,.p,

2. Meet

Two single lines meet when they share one endpoint. We can
further divide the operation into two more cases: MeetSameSlope
and MeetDiffSlope as follows (see Figure 6(b,c)).

Meet(sly, sl,) = (3p € {sly. p1, sl1.p2, 5l5-P1, 5L D2})
[Endpoint(p, sl,) A Endpoint(p, sl;)]

MeetSameSlope(sly,sl,) = Meet(sly, sl,) A Slope(my,sly) A
Slope(m,, sl,) Am; =m,



MeetDif fSlope(sly, sl,) = Meet(sly, sl,) A Slope(my, sly) A
Slope(m,, sl,) Amy # m,

3. Cross

Two single lines cross when their slopes are different and the
intersecting point fall on both lines (see Figure 6(e)). To make
formalization easier, we will first define Between and
ProperBetween relations as follows. We also have an operation
IntersectPoint(p,sly,sly) that returns the point of intersection p
between two single lines sly, sl,, if the two lines do not have the
same slope. We do not show this because of limited space.

Between(x,x,,%,) = (%, Sx <%, Vx, < x < xy)
ProperBetween(x,x,,%,) = (x; < x <x, VX, <x < Xxy)

Cross(sly, sly) = Slope(my, sly) A Slope(m,, sl,) Amy #= m, A
IntersectPoint(p, sly, sl,) A Between(p. x, sl;.p;.x,sl;.p;.x) A
Between(p.x, sl,.p,.x, sl,.py. )

ProperCross(sly, sly) = Slope(my, sl;) A Slope(my, sly) Amy # m, A
IntersectPoint(p, sly,sl;) A

ProperBetween(p. x, sly. p1. X, Sly. p5.x) A

ProperBetween(p. x, sl,.p;.x,sl,.p;. %)

In this operation, we have one special case when the intersecting
point is also one of the endpoints of the line. In other words, one
of the endpoints of a line lies on the other line. We will call this
case of operation TCross (see Figure 6(f)).

TCross(sly, sl,) = (3p)[(Endpoint(p, sl;) A Ontheline(p, sl,)
A =Endpoint(p, sl,)) vV (Endpoint(p, sl,) A Ontheline(p, sl;) A
—Endpoint(p, sl;))]

4. Overlap
Two single lines overlap if and only if their slopes are equal and
there is one endpoint lying in another line (see Figure 6(g)).

Overlap(sly, sl,) = CreateSingleLine(sls, sl;.py, sly.p;) A
Slope(mg, sl3) A Slope(my, sly) A Slope(m,,sl,) Amy =m, =mg A
(@p)[(Endpoint(p, sl,) A Between(p.x, sly. py.x, sly.py. X)) V
(Endpoint(p, sl,) A Between(p. x, sly.p,. x, sl;. p5.%))]

5. Within
For Within operation, we can divide it into two more types:
CompleteWithin and SharedEndpointWithin (see Figure 6(h,i)).

CompleteWithin(sly, sl,) = CreateSingleLine(sls, sl;. py, sly.p2) A
Slope(mg, sl3) A Slope(my, sly) A Slope(m,, sl,) Amy = m, = mg A
(vp)[(Endpoint(p, sl,) A Between(p.x, sl,.p;. X, sl,.py. X)) V
(Endpoint(p, sl,) A Between(p. x, sly.p;. x, sl;. p5.%))]
SharedEndpointWithin(sly,sl,) =

CreateSingleLine(sls, sly.py, sl,.p;) A Slope(ms, sl) A
Slope(my, sly) A Slope(my,, sl,) Amy =m, = mg A
(Elpl,pz)[(Endpoint(pl, sl A Endpoint(pl,slz)) A
((Endpoint(p,, sly) A Between(p,. x, sly. py. %, 5ly. 2. X)) V
(Endpoint(p,, sl,) A Between(p,.x, sly.py. x, sly. 2. x)))]

Within  operation is also considered as Overlap and
SharedEndpointWithin can be considered as CompleteWithin.

CompleteWithin(sly, sl,) V SharedEndpointWithin(sly, sl,) -
Overlap(sly,sl,)

SharedEndpointWithin(sly, sl,) » CompleteWithin(sly, sl,)

Meet, Cross, Overlap, and Within operations are also considered
as Intersect.

Meet(sly, sl,) V Cross(sly, sl,) V Overlap(sly, sl,) vV Within(sly, sl;)
- Intersect(sly, sl,)

For the remaining sections, we list all the operations, but give
formalization for only some due to space limitations. The full
formalization is in [17].
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Figure 6. Types of spatial operations
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2.2.4 Point and Connected Line
In the following, we will discuss the formalization of spatial
operations between point and connected line. Considering point
and connected line, there are three possible spatial operations:
Endpoint, InteriorEndpoint and Ontheline.

1. Endpoint (see Figure 6(j))

2. InteriorEndpoint

InteriorEndpoint (see Figure 6(k)) is another relationship between
point and connected line when a point falls in the joint between
two single lines of connected line.

InteriorEndpoint(p,cl) = (3p, € {cl.p;i # L, N} [p = p4]
3. Ontheline (see Figure 6(1))

2.2.5 Single Line and Connected Line

1. Meet (see Figure 6(m))

2. Cross

Assingle line sl and connected line cl cross if and only if there is a
single line sl; of connected line cl crossing the single line sl (see
Figure 6(0)).

Cross(sl,cl) = (3sly € cl.sly)[Cross(sl,sl;) V (TCross(sl,sl;) A
(3py)[Endpoint(p,, sly) A Ontheline(py, sl) A =Endpoint(py, c))])]



3. TCross (see Figure 6(p))

4. Overlap (see Figure 6(n))

5. Within:

5.1 CompleteWithin (see Figure 6(q))

5.2 SharedEndpointWithin (see Figure 6(r))

2.2.6  Connected Line and Connected Line

1. Equal

2. Meet (see Figure 6(s))

3. Cross (see Figure 6(u))

4. TCross (see Figure 6(V))

5. Overlap

A connected line cl; and connected line cl, overlap when their
single lines are overlapped (see Figure 6(t)).

Overlap(cly,cly) =
(3sly € cly.sly,sl, € clz.slj)[Overlap(sll,slz) V Equal(sly, sl,)]

6. Within:
6.1 CompleteWithin (see Figure 6(w))
6.2 SharedEndpointWithin (see Figure 6(x))

3. OWL/Protégé Realization
Protégé [30] is a well-known and widely-used open-source
platform for ontology management including creation,
visualization, and manipulation of ontology [15]. Moreover,
Protégé is also user-friendly and domain-customizable because it
allows user-defined or imported plug-ins.

3.1 Adding Spatial Dimension to Ontology

We use our formal specification of spatial ontology and adopt one
of the approaches proposed in [22] for adding temporal dimension
to existing ontologies. Figure 7 gives an overview of our

approach.
hasGeoShape—» SGeometry hasDistance-» DistanceUnit
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Figure 7. Method to add spatial dimension to existing ontolgies

In Figure 7, SProposition2D class has hasGeoShape relationship
with SGeometry class, which contains geometry types: point,
single line, non-ring connected line, and ring connected line. Point
consists of two numbers: longitude and latitude. Single line
consists of exactly two points. Connected line consists of three
points or more. There are two types of connected lines: non-ring
and ring. hasDistance is a relationship between SGeometry class
and DistanceUnit class. DistanceUnit contains the units of
distance measurements such as km., mile, yard, etc.

The principle is that any class in need of spatial dimension will be
added as a subclass of SProposition2D class. Consequently, the
class will automatically have hasGeoShape property that enables a
class entity to be modeled as one of the spatial data types.

Point (S;)
representing school

Points '(Hy,H,)
representing houses 4

ConnectedLines (Ry,Rz)
representing local road

:j and 1-20 highway

House (H,)

Figure 8. An example of how entities are modeled in spatial
dimension

An example is shown in Figure 8. Suppose we have a yellow page
ontology which contains contact information of individuals,
businesses, parks, train rails, roads and highways, etc. We would
like to add a spatial dimension to it. As a result, we will add
house, park, train rail, road and highway classes to be subclasses
of SProposition2D class as shown in Figure 7 so that those classes
will have spatial features of one of the spatial data types. In this
example, houses and schools are modeled as points, roads and
highways are modeled as connected lines, and parks are modeled
as polygons. The choice of geometry type depends on the
application scenarios.

In Protégé, we define a point by two functional datatype
properties, hasX and hasY of type float. A point is used to model
an entity which does not have area. A single line is defined by
exactly two distinct points. hasP1 and hasP2 are functional object
properties of a single line. A connected line is defined as a list of
three or more ordered points. hasList is a functional datatype
property of a connected line, of type string, which has a following
string pattern.

{n, p1, P2s-.s P}
where n is number of points, n>3 and p; is point i.

These string patterns will be eventually parsed by Protégé built-
ins into a number of point instances.

3.2 Developing Spatial Built-ins in Protégé
According to Figure 3, for spatial reasoning, inferencing, and
querying in Protégé, we develop the spatial operations as Protégé
built-ins based on our formalization of spatial operations. We
implemented 33 major spatial operations along wth additional 6
utility built-ins in Protégé as shown in Table 1 and 2.

Spatial built-ins can be divided into six categories depending on
the combinations of geometry data types: point versus point, point
versus single line, point versus connected line, single line versus
single line, single line versus connected line, and connected line
versus connected line. At this point, polygon data type is left for
future work.

In our notation, 1 represents point, 2 represents single line, and 3
represents connected line (non-ring and ring), which are appended
to the operation (built-in) name. When defining a spatial rule in
Protégé, the built-ins have to be specified as the following pattern:

spatial:<BuiltinName>XY (<GeoTypeX>,<GeoTypeY>)
where X and Y are ordered number corresponding to geometry data types.



Table 1. 33 major spatial built-ins

Connected Line(3)

Spatial Built-ins Point(1) Single Line(2) [Non-Ring & Ring]
Equal Endpoint Endpoint*
EndpointNe EndpointNe*
Point(1) EndpointSw EndpointSw*
Ontheline Ontheline
InteriorPoint
Equal Meet*
Meet Cross
Cross TCross
TCross Overlap
Single Line(2) Overlap Within:
Within: - Complete
- Complete - SharedEndpoint*

- SharedEndpoint | Intersect

Intersect

Equal

Meet*

Cross

TCross

Overlap

Within:

- Complete

- SharedEndpoint*
Intersect

Connected Line(3)
[Non-Ring & Ring]

*Operations apply only on non-ring connected lines.

Table 2. 6 additional utility built-ins

Slope, IntersectPoint, Between,
ProperBetween, Distance (in km.),

Additional Built-ins 4 ]
CreateSingleLine

For example, to define an Endpoint built-in of point and single
line, we specify:

spatial:endpointl2 (<point>,<single line>)
This is because different combinations of geometry data types

have different ways of implementing the same operation. As a
result, we need to indicate the exact operation we are using.

3.3 Spatial Reasoning, Inferencing and
Querying

Once we have a spatial dimension added to an ontology and have
spatial built-ins ready in Protégé, we can do spatial reasoning,
inferencing and querying.

House (Hi)

Road
Intersection (Py)

House (Hy)

Figure 9. An example of how spatial operations can be used in
reasoning, inferencing and querying

We enable spatial reasoning by defining rules in SWRL Tab [30]
and we use the Jess® [27] rule engine to perform inferencing on
those rules. Spatial built-ins that we developed can be combined
with other built-in libraries such as SWRLB [16], TEMPORAL
[22], and SQWRL [21], to create complicated rules or queries
[21].

The following example shows how spatial built-ins can be used in
reasoning and inferencing. Suppose we have 2 houses, 1 school
and 2 roads as illustrated in Figure 9. We would like to define a
rule regarding a school zone. Suppose, we define a location in a
school zone as a point within 3 kilometers radius centered at a
school. This definition can be implemented in Protégé by the
following rule:

Point(?p) rhasX (?p, ? px) rhasY (? p, ? py) ASchool (? s) nhasGeoShape (7 s,? ps)a
hasX (?ps,? sx)rhasY (2 ps, ? sy) aspatial: distance ? d,? px, ?py, 7 sx,? sy) A
swrlb: lessthan(? d, 3) - SchoolZonePoints(?p)

For the next example, we would like to define highway-connected
local roads as local roads that intersect with any highway at some
point. The corresponding rule is:

Roads(?r) rhasGeoShape (?r,? clr) ahasList (? clr,? rl) AHighways (? h) A
hasGeoShape(? h,? clh) anhasList(? clh, ? hl) aspatial: Intersect33(?rl,? hl)
— HighwayConnectedLocalRoads (? 1)

When we use Jess®, the above rules will classify points ?p and
roads ?r as SchoolZonePoints and HighwayConnectedLocalRoads
respectively if they satisfy the rules above.

4. CONCLUSION AND FUTURE WORK

4.1 Conclusion

In conclusion, this paper presents a spatial ontology formalization
and a method to add spatial dimension to existing ontologies.
Then, we develop spatial built-ins to be used for spatial reasoning
in Protégé. To process reasoning and inferencing we use SWRL
Tab and Jess® rule engine. To do querying, we use built-ins from
SQWRL library [21] along with SQWRL Query Tab [30]. With
all components presented in this paper, they allow us to add
spatial dimension to ontologies through the Protégé framework
and make them able to capture and reason about spatial concepts.

4.2 Future work

This paper is an initial process which does not include the
polygon data type. In the future, we will add a spatial polygon
data type and also develop spatial built-ins for it in Protégé. In
addition, we will continue to define formalizations of distance and
area measurements. Finally, we also would like to develop a
technique by which the spatial ontology formalization can play a
role as a medium to convert spatial concepts from one system to
another.
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