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ABSTRACT

A large percentage of data managed by a variety of differ-
ent application domains has spatiotemporal characteristics.
Unfortunately, traditional geographical information systems
do not allow for an easy representation of temporal aspects
of spatial data. Moreover, they do not usually support the
representation of data at multiple levels of granularity. In
this paper we present a multigranular spatiotemporal data
model. Our model extends the ODMG model with multiple
spatial and temporal granularities. In particular, the model
allows for an uniform management of two kinds of spatiotem-
poral objects: mowving entities (e.g. cars, planes, etc.) and
temporal maps (i.e, maps representing the change over time
of a given geographic area). It also provides a framework
for mapping the movement of an entity such as a car onto
an underlying geographic area. The model we propose re-
lies on a standard definition of temporal granularity. On the
other hand, the representation of spatial entities at multiple
granularities is obtained by applying model oriented map
generalization principles. In particular, we consider a set of
generalization operators that guarantee topological consis-
tency.
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1. INTRODUCTION

Recently, it has been estimated that 80% of all available
data have spatial characteristics. At the same time, a lot of
organizations have realized the importance of exploiting the
spatial component of data, for performing statistical analy-
sis, reporting, etc. As a consequence, in many application
contexts, there is the need to add spatial functionality to ex-
isting non-spatial data. Unfortunately, this is a non-trivial
task when two different systems have to be used, one to han-
dle spatial data and the other to manage non-spatial data, as
it happens when using traditional GIS systems. Indeed, tra-
ditional GIS applications store spatial and non-spatial data
attributes separately: usually spatial objects properties are
stored in files managed by a file management system, while
attribute data are stored in a commercial database. Such an
approach, that we refer to as loosely coupled approach [18],
has the drawback that maintaining data integrity between
spatial and attribute data is difficult as the two types of data
are not managed by the same engine. Emerging database
products, like Oracle Spatial [23] and Postgres [25], follow
an integrated approach for managing spatial and non-spatial
information, providing the information infrastructure that
includes a single database system for managing both types
of data. Adding spatial functionality to legacy data already
stored in a traditional DBMS is easier if the spatial compo-
nent can be integrated in a homogeneous way.

Furthermore, since GIS are main memory applications,
they do not adequately manage real time updates of large
datasets. For example, they are not able to manage real
time applications such as an airport control system that re-
quires to retrieve concurrently the real time trajectories of
several airplanes, comparing them with a map of the under-
ling geographic area. This scenario requires the system to
handle the overlay of representations between moving enti-
ties and an underlying map, over time. In order to handle
correctly the huge amount of data required by this kind
of application, temporal aspects have to be taken into ac-
count. Although temporal extensions of GIS systems exist
[14], commercial GIS packages still do not properly support
temporal aspects of spatial data. Other typical examples



of applications that are intrinsically spatiotemporal are sys-
tems to control spread of fire over forests, analysis of me-
teorological phenomenons, tide control systems, cadastral
applications, control deforestation systems, etc.

Another critical point relates to the fact that commercial
GIS do not provide much support for multirepresentation of
spatial data, that is considered as an important functionality
when analyzing huge amounts of spatial data, often collected
from different sources.

In this paper we address the above need by proposing a
framework for representing both spatiotemporal data sup-
porting multiple granularity management for spatial and
temporal dimensions. We are particularly interested in mod-
eling situations in which the position of moving entities (i.e.,
entities with a spatial extension that change their position
over time) must be related to geographic areas represented
by maps. Both moving entities and map data can be speci-
fied at different levels of detail, i.e., at different spatial gran-
ularities. Our notion of spatial granularity partitions the
space by taking into account the specific application domain
considered. Therefore, this notion is application domain de-
pendent. To compare spatial data expressed at different
granularities, we refer to map generalization operators [15,
16, 20], specifically those used in model-oriented general-
ization [17]. In particular, the operators supported by our
model are those defined in [2], that guarantee topological
consistency. To simplify the examples we consider only two
dimensional data and a simple set of hierarchical granulari-
ties that rely on standard length units.

The standard notion of temporal granularity [3] is also
supported by the model. The framework we present ex-
tends the ODMG [6] model, by taking into account the work
done in a previous temporal extension [1]. This multigran-
ular framework can be considered as a basis for developing
an object oriented spatiotemporal model with an expressive
query language, as extension of OQL and the temporal path
expression language defined in [1], for performing the analy-
sis of spatiotemporal data expressed at multiple spatial and
temporal granularities.

Several proposals providing an integrated approach for the
management of spatial and temporal information have been
presented in the recent past, as temporal extensions of GIS
[14], or as independent frameworks [21]. A growing interest
has been devised in the area of moving [11] and geomet-
ric [8] objects. In [11] a framework for modeling moving
points and regions has been formalized, by proposing ab-
stract data types that can be integrated in relational and
object relational models. In [8], the closure properties of
a set of spatiotemporal objects (rectangle and convex poly-
gons) have been discussed. All these proposals (except for
[11]) involve abstract modeling. Recently, also spatiotem-
poral extensions of SQL99 [7] and of ODMG model [10, 12]
have been proposed. [10] reports on the design of the Tripod
spatiotemporal database system, that extends the ODMG
type system with temporal and spatial types, handling past
representations of attributes through the concept of histo-
ries. Huang and Claramunt [12] extend the ODMG set of
literal types with spatial types, by defining also a parameter-
ized temporal type that can be instantiated using a spatial
type for modeling spatiotemporal information. Such propos-
als, however, do not address issues related to multigranular
representation of spatiotemporal data.

An attempt in this direction is discussed in [13], that

presents an annotation-model (extension of the Unifying Se-
mantic Model formalism) allowing for the specification of
spatiotemporal data at multiple granularities. The granular-
ity systems presented in [13] rely on the concepts of temporal
indeterminacy and spatial imprecision [9]. Indeed, a huge
amount of work has been done during the last few years to
formally define the notion of spatial granularity. Recently,
this work has focused on issues related to the concepts of
vagueness, imperfection and imprecision of spatial informa-
tion, in particular in the reasoning research area [4]. In this
paper, we do not follow this approach, although we take into
account domain semantic dependency in the general design
of spatial granularities. Furthermore, in contrast with [13],
in our model we provide a specific set of functions for con-
verting values at different granularities. In [19] a theoretical
framework for the specification of a spatial granularity lat-
tice, that establishes how to relate different granularities and
is closer to our approach, is presented.

The paper is organized as follows. Section 2 describes
the model, discussing the set of spatial and temporal granu-
larities we consider and the spatiotemporal types we define.
Section 3 reports on how the model handles multirepresenta-
tion of spatiotemporal data. Section 4 presents an example,
and Section 5 concludes the paper, outlining how the model
will be extended.

2. THE SPATIOTEMPORAL DATA MODEL

The spatiotemporal data model we propose manages uni-
formly both spatial and temporal information. We have
extended the ODMG [6] type system with specific types for
representing spatial data by means of vector features (e.g.
points, lines and regions), and with parametric constructors
for specifying spatial, temporal and spatiotemporal informa-
tion at multiple granularities. Spatial and temporal informa-
tion is specified at attribute level. The temporal dimension
we consider in our discussion is the valid time dimension
[3], i.e., data stored in the database refer to the time the
represented facts were true in the reality.

The model has been designed for handling moving enti-
ties (e.g. cars, planes, walking people, etc.) and temporal
maps (e.g. road, land coverage, city, population distribution
historical maps, etc.) uniformly. Such homogeneous man-
agement easily allows for relating the trajectory of moving
entities to the geographical areas represented by maps. The
history of updates of maps over time, such as modifications
of land parcel boundaries, road paths, and other topological
changes, is also managed.

The moving entities and maps representation can be given
by means of their geometric shapes, expressed in two dimen-
sions. A moving entity can also be represented by a point,
i.e., by referring its centroid. We assume that geodetic co-
ordinates at the maximum resolution are used to specify
points coordinates. By using the geometric shape for mov-
ing entities instead of representing them by point abstrac-
tion, we can answer some interesting queries that could not
be expressed otherwise. Given, for example, two airplanes,
as illustrated in Figure 1(a), the model allows for the de-
tection of crashes involving their spatial extension but not
involving their centroid trajectories. Moreover we can easily
check if a moving entity changes direction, and distinguish
between two opposite movements having the same trajec-
tory. Given for example the planes in Figure 1(b), we can
recognizing that plane A is moving forward, while plane B
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Figure 1: Queries examples for moving entities solved by the model

is moving backward (suppose it is making a reverse motion
when maneuvering), although both planes are moving in the
same direction, with the same trajectory. Such kind of dis-
tinction is possible only if the representation of the moving
entity is not symmetric.

The model allows for the definition of data at different
spatial and temporal granularities, i.e., at different levels of
detail with respect to spatial and temporal dimensions. In
particular, data representing moving entities or maps, that
have spatiotemporal characteristics, can be specified with
respect to both different spatial and temporal granularities.

In the remainder of the Section, the notions of spatial
and temporal granularities we adopt are described. Then,
we define the types that can be assigned to object attributes
in order to describe spatiotemporal information.

2.1 Spatial and Temporal Granularities

To represent data at different temporal levels of detail,
we consider the definition of temporal granularity commonly
adopted by the temporal database community [3]. A tem-
poral granularity is defined as a mapping from an ordered
index set ZS to the set of possible subsets of the time do-
main. We assume that the time domain is a discrete set of
time instants, on which a total order relationship is defined.
Intuitively, a granularity is a partition, possibly non-total, of
the time domain. Examples of granularity are days, weeks,
years, with the common notion used by the Gregorian cal-
endar. Every portion of the time domain obtained by such
a mapping is called granule (e.g., using a textual represen-
tation, “15/05/2003” is a granule for the granularity days,
and “2002” is a granule for the granularity years). Granules
of the same granularity cannot overlap and must keep the
same order given by the index set.

The set of temporal granularities managed by the model
is denoted by Gr. Granularities in G7 are related by the
finer-than relationship. A granularity G is said to be finer-
than a granularity H, denoted by G < H, if, for each index
i, an index j exists such that G(i) C H(j) [3] (e.g., days
is finer-than months). We also say that H is coarser-than
G. The symbol “<” denotes the anti-reflexive finer-than
relationship.

For representing the Earth surface we consider a two-
dimensional Euclidean space. Spatial entities’ can be rep-
resented at different granularities by considering hierarchi-

!Entities that are related to the reference space, by having
a spatial extension or position.

cal representations that can be devised from subdivisions
of the reference space into regular grids, or from some of
their semantic characteristics, e.g. administrative bound-
aries, roads categories, lands use classifications. In this pa-
per, due to the lack of space, we refer only to regular sub-
divisions of space, that are more immediate to understand
and to focus on. However, when different hierarchies are
used in a database schema to describe both temporal maps
and moving entities, equivalences between different spatial
levels of detail must be specified in the database schema,
for comparing and querying data at different granularities
[5]. Example of granularities we consider are ms, Dms, and
kms, representing the international standard measures of
length meters, decameters, and kilometers, that in a two-
dimensional space represent squares with 1 meter, 10 me-
ters, and 1 kilometer long sides. A possible straightforward
interpretation for these granularities can be, for instance,
that for a spatial entity represented at ms granularity, all
its spatial components that are less than 1 meter long are
not represented. Usually, the semantics of spatiotemporal
granularities sets can vary with respect to the application
domain. However, it must be fixed for a specified database
schema. The semantics of spatial granularities is given by
specifying the conversions of spatial and spatiotemporal val-
ues at different spatial granularities.

The set of spatial granularities managed by the model
is denoted with Gs. Granularities in Gs are related, like
temporal granularities, by finer-than relationship (and by
its inverse coarser-than). We can say, for instance, that
mms (i.e., millimeters) is finer-than ms and that Dms is
coarser-than cms (i.e., centimeters).

2.2 Types and Values

Object attributes we model can be spatial, temporal, spa-
tiotemporal or conventional attributes, that is, attributes
without any spatiotemporal characteristics.

Let T be the set of ODMG types [6], including class and
literal types. Conventional attributes are defined having
type T € T.

For representing spatial data we extended the ODMG
types set with the interface type GeometricFeature and
its implementations Point, Line, and Region. These ob-
ject types represent the well-known vector feature types in
two-dimensions. In the model, each point is implemented
by using two coordinates; each line is represented by an or-
dered set of points, classified into endpoints and shape points
of the line; and each region is represented by the ordered set



of its boundary lines, with the usual convention on the order
of coordinates to represent internal and external boundaries
(clockwise for internal boundaries and counterclockwise for
external boundaries). The GeometricFeature type hierar-
chy is represented in Figure 2, where the types data struc-
tures are reported.

interface GeometricFeature >

/ I \ implements

Point Line Region
X,y List{Point, Type} List{Line}

Figure 2: GeometricFeature types

To represent spatial data at multiple granularities we de-
fine the Spatial parametric type. For each geometric type
v (i.e., 7 is a GeometricFeature type or v is obtained using
ODMG collection types constructors, such as set<>, and
GeometricFeature types), and for each spatial granularity
G, € Gs, the spatial type Spatial < Gs,7v > is defined. A
legal value of type Spatial < G5,y > is a legal value of the
type 7.

EXAMPLE 1. The following class specification defines the
object type city:

class city {
attr? int population;
att? Spatial < hms,set < Region >> ext;

Given an ordinary city, this can be described by an object
of type city. The numeric attribute population records the
current value for its population, while the spatial attribute
ext describes its geographic extension, that, at granularity
hms (i.e., hectometers, 100 meters), is represented as a set
of regions. A legal value for attribute ext is depicted in
Figure 3(a), where the city is represented by a set of adjacent
regions, representing the neighborhoods of the city. o

The set of spatial types that can be specified by using both
Spatial constructor and GeometricFeature type is denoted
by S.

For describing temporal and spatiotemporal information,
we defined the parametric type T'emporal. For each type
t+ € T US, called inner type, and for each temporal granu-
larity G; € G, a corresponding type Temporal < G, 77 >
is defined. If 7+ € T, then type Temporal < G¢, 7+ > is
simply temporal, whereas if the inner type is a spatial type
(i.e., is 77 € S), then the type Temporal < Gy, 7 > is spa-
tiotemporal. With 77 we denote the set of (spatio)temporal
types that can be specified by using T'emporal constructor.

A (spatio)temporal value of a temporal type Temporal <
Gi, 7+ > is defined as a partial function that maps Gy-
granules (referred to by their indices) to 71 values. We refer
to the set of time instants for which these partial functions
are defined as the domain of the (spatio)temporal value.

In the following, given a type 7 € T U TT U S, the
notation [7*] denotes the set of legal values for type 7*.

2This is a shortening for the keyword attribute used by
ODMG DDL syntax.

EXAMPLE 2. The class specification for object type city
of Ezample 1 has been modified, by specifying that both at-
tributes population and ext have temporal characteristics.

class city {
attr Temporal < days,int > population;
attr T'emporal < decades, Spatial < hms,
ﬁet < Region >>> ext;

The attribute population has been specified with granular-
ity days, while attribute ext has been specified with gran-
ularity decades. Intuitively, such specification means that
the semantics of these attributes requires that they are up-
dated, respectively, at most once a day and once a decade®.
This formalizes the intuition that, for any city, the pop-
ulation is a characteristic that is more dynamic than its
spatial extension. An example of legal value for attribute
population for an object of class city representing a small
city is: {<06/05/2008, 20,456>, <07/05/2003, 20,488>,
<18/08/2003, 20,475>}days. This value specifies that the
value for population for that city was 20,456 on the 6th of
May 2008, 20,488 on the Tth of May and 20,475 on the 18th
of August. Note that the legal value of the population at-
tribute has been represented as a set of pairs, that correspond
to the points that describe the graph of the value function.
since the temporal type for attribute ext has a spatial type
as inner type, the set of legal values for this attribute can
be represented as a set of pairs in which the second compo-
nent is a legal value for the spatial type specified at granu-
larity hms. An example of legal value for atiribute ext is
shown in Figure 4, where the geometric representation of a
city over three decades, “1980-1989” (a), “1990-1999” (b),
“2000-2099” (c), expressed at spatial granularity hms, is il-
lustrated. S

3. MULTIREPRESENTATION

Temporal and spatial multirepresentation of objects at-
tributes are orthogonal characteristics of the model. They
are obtained by taking into account temporal and spatial
granularities sets separately, and scaling a temporal/spatial
value to a different granularity. In particular, for spatiotem-
poral attributes for which a spatial granularity is specified,
spatial multirepresentation is achieved by considering the
spatial representation of the attribute with respect to a spe-
cific temporal granule. Temporal and spatial multirepresen-
tations are generated on the fly, when a query or a user
request is specified, according to the specification given in
the database schema.

Spatial multirepresentation is obtained by constructing
generalized views of spatial data. A spatial data expressed
at a certain granularity is converted to a coarser granularity
by applying generalization operators usually considered by
model-oriented approaches [17]. In particular, we refer to
the set of operators defined in [2], since these operators are
continuous mappings that preserve topological consistency,
an essential property for usability of spatial data. These op-
erators are only a possible subset of those that can be used
to generalize spatial data, and in fact they do not allow to
perform some of the traditional generalization operations,

3The temporal granularity expresses a constraint on the
mazimum frequency of update for an attribute, but it can
be updated less frequently.



Figure 3: Example of values for attribute ext of class city at granularities hms (a), kms (b), Mms (c)
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Figure 4: Example of legal value for attribute ext of class city

i.e., those that do not guarantee preservation of topologi-
cal consistency (e.g., aggregation, line simplification, etc.).
However, we have chosen these operators because they have
been proved to be sufficient to perform all generalizations
that preserve topological consistency through composition
[2], i.e., they can be composed to obtain macro-operators
with the same characteristics. The set of these operators,
that are shown in Figure 5, is denoted by Ops. The Ops
elements are:

(a) 1_contr, that contracts an open line, endpoints in-
cluded, to a point;

(b) r_contr, that contracts a simple connected region and
its boundary to a point;

(c) r_thinning, that reduces a region and its bounding
lines to a line;

(d) 1_merge, that merges two lines sharing an endpoint
into a single line;

(e) r_merge, that merges two regions sharing a boundary
line into a single region;

(f) p-abs, that eliminates (abstracts) an isolated point in-
side a region;

(g) 1-abs, that eliminates (abstracts) a line inside a region.

The conversion of a spatial attribute in the model is ex-
pressed by specifying a composition of the operators just
described. We can eliminate, for example, San Marino and
Vaticano from a map of Italy by applying a composition
of operators r_cont and p_abs. Given two spatial types
Spatial < G,y > and Spatial < Hs,~v' > such that Gs <
H,, and given f = {fio foo...0 f,}, where, Vi=1,...,n,
fi € Ops,

4% ' Q(IT .
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Figure 5: Generalization operators
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f: [ Spatial < Gs,v >] — [Spatial < Hs,v' >]

is a partial function that maps values of type Spatial <
Gs,~y > into values of type Spatial < Hs,7y' >.

Sometimes, the same generalization can be obtained by
composing operators in a different order. Moreover, the gen-
eralization process of a spatial entity is usually subjective
and strongly domain dependent. Therefore, the sequence
of operators to be applied to a spatial attribute for scaling
its value, from at certain granularity to a coarser one, must
be explicitly expressed in the database schema, by using a
language specification, as exemplified in the following.

EXAMPLE 3. Given the class definition for object type ci-
ty of Ezample 1, where the attribute ext, representing the
extension of a city, is defined at granularity hms as a set
of regions, we can generalize the attribute value representing
the extension of a city at granularity kms as a single region
and at granularity Mms (i.e., 1000 kilometers) as a point.
The three different representations of the attribute value are
shown in Figure 8. The specification of these representa-
tions must be added in the database schema, after the class



definition, as follows:

convert city.ext from Spatial < hms, set < Region >>
to Spatial < kms, Region > applying r_merge;
convert city.ext from Spatial < kms, Region >
to Spatial < Mms, Point > applying r_contr;

The first specification implies that, for converting attribute
ext from granularity hms to granularity kms, the r_merge
operator must be applied. The second specification implies
that, for converting attribute ext from granularity kms to
granularity Mms, the application of r_contr operator to the
region representing the city is required. Note that the gener-
alization process does mot involve the non-spatial attribute
population, but only concerns the city spatial extension.
Moreover, as shown in Figure 3, the generalization process
as specified above does not involve other spatial objects that
are in some relationship with the city we generalize, such as
a river crossing the city. o

Temporal multirepresentation is obtained by extending
the mechanisms proposed in [1] for converting temporal val-
ues to different granularities to ensure object substitutabil-
ity.

The conversion of a temporal value from a given granular-
ity to a finer one is achieved by applying what is known in
the database community as the downward hereditary prop-
erty. Given this property, a single granule value defined for
a temporal value can be considered as a single granule value
also for the finer granules included in the coarser one. For
example, if we consider a temporal attribute representing
the address of a person specified with granularity years, the
value of the address for a particular year can be considered
as the address value for every day of that year.

EXAMPLE 4. Given the class definition for object type ci-
ty provided in Ezample 2, and the ezample temporal values
presented for attributes population and ext, we assume
downward hereditary property. We can say that the value
of the population of the city at 12:30 p.m. on the 6th of
May 2003 was 20,456, while the spatial extension of the city
during year 2000 is the value depicted in Figure 4(c). o

Note that downward hereditary property must be applied
carefully, depending on the semantics of the attribute con-
sidered. We are investigating how to improve the conver-
sion mechanism to finer granularities, taking into account
research results achieved for temporal indeterminacy [13].

The conversion of temporal values to coarser granulari-
ties is obtained by applying coercion functions, that convert
temporal values from a given granularity into values of a
coarser granularity in a meaningful way. Given two tempo-
ral types Temporal < Gy, 7+ > and Temporal < Hy, 7'T >
such that G: < Hy, a coercion function:

C: [Temporal < Gy, 77 >] — [Temporal < H,7'" >]

is a total function that maps values of type Temporal <
G, 7+ > into values of type Temporal < H;,7'T >. Coer-
cion functions can be classified into three categories: selec-
tive, aggregate, and user-defined coercion functions. Selec-
tive coercion functions are first, last, proj(index), main,
all and their spatiotemporal variations for spatiotemporal
values specified with spatial granularities. Coercion function
proj(index) returns, for each granule in the coarser gran-
ularity, the value corresponding to the granule of position

index at the finer granularity. Coercion functions first and
last are the obvious specializations of the previous one. Co-
ercion function main returns, for each granule in the coarser
granularity, the value which appears most frequently in the
included granules at the finer granularity. Coercion function
all returns, for each granule in the coarser granularity, the
value which always appears in the included granules at the
finer granularity if this value exists, the null value otherwise.

If these coercion functions are applied to spatiotemporal
values with spatial granularity, their application can require
that a spatial conversion be applied too. Aggregate coer-
cion functions are min, max, avg, and sum corresponding to
the well-known SQL aggregate functions and can be applied
only to temporal values with temporal type specified with an
ODMG inner type. In computing aggregate coercion func-
tions we consider undefined values as null values in OQL.
Finally, user-defined coercion functions correspond to meth-
ods declared in the classes of the database schema and can
have any semantics.

EXAMPLE 5. Given the class definition for object type ci-
ty of Ezample 2, we are interested in computing the maz-
tmum value for population attribute of class city during
every year, and subsequently the average mazimum wvalue
with respect to every decade. In order to obtain such val-
ues, we can specify two conversions for this attribute: one
from granularity days to granularity months using coercion
function max and one from granularity months to years us-
ing coercion function avg. For what concerns spatiotemporal
attribute ext, we are interested in retrieving the last repre-
sentation of the city recorded in a century, at spatial granu-
larity kms. The corresponding specification is:

convert city.population from Temporal < days,int > to
Temporal < months,int > applying max;

convert city.population from Temporal < months,int >
to T'emporal < years, float > applying avg;

convert city.ext from
Temporal < decades, Spatial < hms,set < Region >>>
to T'emporal < century, Spatial < kms, Region >>
applying last; r_merge;

Given the above specification and the values for attributes
population and ext of Ezample 2, querying for the aver-
age mazimum value of population for year 2003 results in
20,481.5. By contrast, querying for the 20th century exten-
sion of the city results in the representation of Figure 4(b),
converted to kms granularity by using r_merge operator, i.e.,
only the city boundary is reported as result. Note that the
representation of Figure 4(b) is selected according to the se-
mantics of last coercion function. S

4. AN EXAMPLE

This Section describes in detail an example that involves
both moving entities and maps. We consider the example
of a plane that is used for European flights. The database
schema to model this situation contains the specifications for
class plane to model planes and class EuropeMap to model
a map of European countries.

class plane{

attr string model;

attr Temporal < months, string > companyName;
attr Temporal < minutes, string > flightNums;



attr Temporal < minutes, string > departures;

attr Temporal < minutes, string > arrivals;

attr Temporal < minutes, Spatial < ms, set < Region >>
trips;

}

class EuropeMap{

attr Temporal < years, Spatial < hms, set < Region >>>
states;

attr Temporal < decades, Spatial < hms,set < Line >>>
rivers;

attr Temporal < years < Spatial < kms, set < Point >>>
cities;

}

For each plane, we are interested in storing information
about the model of the plane, the airline that owns it, and
the flights that are organized for it. For each flight we record
number, departure and arrival airports, and its path. The
attribute trips gives the spatial extension of the plane over
time, registering the trips made by it. In the specification
of the attribute trips, the granularity ms specifies that the
plane components considered are those longer than 1 meter.

For the map of Europe, we are interested in considering
European country boundaries, rivers, and cities.

The following specification formalizes the generalizations
of trips attribute: the conversion from granularity ms to
granularity hms specifies that the attribute, first represented
by a set of regions, is generalized to a single region; the con-
version from granularity hms to granularity kms specifies
that the attribute is represented by a single point:

convert plane.trips from
Temporal < minutes, Spatial < ms, set < Region >>>
to Temporal < minutes, Spatial < hms, Region >>
applying r_merge;

convert plane.trips from
Temporal < minutes, Spatial < hms, Region >>
to Temporal < minutes, Spatial < kms, Point >>
applying r_contr;

With this specification we can retrieve, for instance, which
countries, and which cities in each country, have been flown
over by the plane with flight number ‘AZ505’ on the 12th of
May 2003. The above query can be expressed in extended
OQL as follows:

SELECT distinct e.states, e.cities
FROM EuropeMap e, plane p
WHERE p.flightNums |9%¥ 12/05/2003 = ‘AZ505’
and (p.trips"™* OVERLAPS e.states) |
{{p-flightNums;;;,e | ‘AZ505°}|4e¥s 12/05/2003}minutes
and (p.trips®™ EQUALS e.cities) |
{{p.flightNumssime | ‘AZ505°}|90¥S 12/05/2003}minutes

The specified research condition

{{p-flightNumss;ne | ‘AZ505’}|%a¥ 12/05/2003}minutes
retrieves the set of granules at granularity minutes that rep-
resents the duration of the specific trip we are interested in.
The two representations of the plane trip, as a plane shaped
polygon, at granularity hms, and as a single point, at gran-
ularity kms, that have to be compared with the map of Eu-
rope for evaluating the query, are reported in Figure 6. The
two operators OVERLAPS and EQUALS are used for comparing
region and point representations, respectively.

Figure 6: Comparing different representations of
plane and map

S. CONCLUSIONS AND FUTURE WORK

In this paper, a framework for the specification of a spa-
tiotemporal extension of ODMG data model with support
for multiple spatial and temporal granularities has been pre-
sented. By designing a database model including both spa-
tial and attribute data, we adopt an integrated approach
that uniformly handles all data and differentiates itself from
traditional GIS systems. Although the specification dis-
cussed is not complete, we believe that it presents some in-
teresting aspects. First of all, we give uniform specifications
for both multigranular spatial and temporal types, that can
be easily combined to define multigranular spatiotemporal
types. In particular, the support for multirepresentation is
an important functionality in models designed for analyz-
ing spatial data, potentially collected from different sources.
Most of the issues discussed here have individually already
been addressed in other papers [10, 12, 11, 8, 19]. However,
ours represents the first unified framework that combines
multirepresentation for spatial and temporal information in
a object data model.

We are currently working on several extensions of the
model we presented in this paper [5]. We are specifying the
model query language by extending OQL with spatiotem-
poral path expressions, as extension of temporal path ex-
pressions defined in [1]. We are also considering an inte-
gration of the query language with map overlay operations.
We are extending the data definition language to allow for
the explicit storage of topological relationships of spatial
data represented in temporal maps, that is a critical issue
for speeding up queries. Moreover, we want combine the
static conversion specification in the database schema with
an more flexible on-demand specification system, by extend-
ing the query language with ad-hoc conversion specification.

We are improving the multirepresentation mechanism of
the model, by producing theoretical proofs of our approach
and by considering alternatives to the specification language
presented in this paper. We distinguish between the value



correctness of the conversion mechanism, i.e., a composi-
tion of (basic) conversions always produces a legal spatial
(or spatiotemporal) value respect to the type system of the
model, and its semantic correctness, i.e., a conversion does
not modify the topological relationships among the data rep-
resented in a spatiotemporal database. We are extending the
conversion language with a condition clause specification, to
specialize the application of conversions only to a subset of
objects of the same spatial type, i.e., those satisfying a cer-
tain condition.

We are investigating how to represent spatiotemporal ob-
jects and conversion functions in the object relational model,
that is the model used by commercial DBMS. We are also
going to develop an XML-based version of our model, fol-
lowing specifications and international initiatives such as the
Open GIS Consortium [24] and the INSPIRE project [22].
Finally, we are going to extend the set of generalization op-
erators we consider in this framework with others that are
commonly used in model-oriented generalization and can-
not be represented with the operators defined in [2] since
they do not preserve topological consistency, as, for example,
aggregation, that allows for merging non-contiguous spatial
features in a unique one, or line simplification.

We are planning to implement and test the spatiotempo-
ral model and its query language. In particular, we are in-
terested in developing a GUI for visualizing spatiotemporal
representation of queries results. We are also interested in
optimizing performance by maintaining materialized views
of different levels of representation of spatiotemporal data.
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