49

SPATIO-TEMPORAL DATA MODEL AND QUERY LANGUAGE FOR BIODIVERSITY
DATA

Mohd Taib Wahid', A.Z.M Kamruzzaman?, Abdul Rashid Mohamed Shariff’, Suhaimi Napis4
]laibf(Nsksm.ulm.my, zakzaman/q‘/gsiswa.u1.m.mv, 3 rashidi@eng.upim.edu.my,
4suhaimif’(itpulra.upm‘cdu.m\r

1&g aculty of Computer Science & Information Systems
University Technology of Malaysia, K.B. 791, 81310 Skudai, Johor, Malaysia
Tel: (607)-5532422, Fax: (607) 5565044

3Faculty Engineering, ‘Institute of Multimedia and Software
Universiti Putra Malaysia 43400 UPM Serdang, Selangor, Malaysia
Tel: (603)-89467801, Fax: (603)-89483514

Abstract: 4 Spatio-temporal data model and query language for biodiversity is growing importance to
the biodiversity data management, forest and environment control. Spatio-temporal data model and
query language have received much attention in the database research community because of their
practical importance and interesting challenges they pose. This paper discusses about spatio-temporal
information, query language and problems with existing models. In this paper our main objective to
minimize the extension required in SOL language. This paper also focuses on the unified models of
space and lime using object-relation approach. In particular, we propose a conceptual object-
relational spatial temporal data model based on Donna J. Peuquet's pyramid framework. Spatio-
temporal queries are expressed by user defined aggregates, such as duration and during temporal
relationships. Therefore, query language (such as SOL*") or other relational languages are required to
support spatio-temporal queries for the biodiversity data model.
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1. Introduction

Time and space are important aspects of all real world phenomena. Database applications must capture
the time and space varying nature of the phenomena they model. For example, biodiversity data
collector needs to maintain a record of the data he collects from the area and when he has collected.
This information certainly varies over times: data collects during particular time; data maybe collected
same time by several collectors from different places; and also data collects periodically such as daily,
monthly and yearly. Many applications demand for spatial temporal support [1], such as biodiversity
applications, GIS applications, traffic management systems computing traffic network and traffic
volume at different time, forecast-prediction systems recording weather change process, etc. But
existing database techniques couldn’t support spatial temporal information management well [2].

After almost two decades research, representation of space and time in databases and
functional applications arc still problematic [3]. This paper presents a universal object-relational
framework for spatial temporal data modeling. Spatial temporal data modeling aims to extend the
existing data models to include space and time in order to better describe our dynamic real world.

Problem with previous data models is that spatial and temporal aspects of databases are
modeled separately [4], [5]. Spatial database focuses on supporting geometries [6], while temporal
databases focus on the past state [7]. But in many circumstances, such as environmental monitoring,
resource management, transportation scheduling, etc, spatial and temporal attributes should be

connected together. Many current systems can handle only one aspect of space and time. Spatial
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systems always fail to cater for many temporal aspects in a dynamic environment [8]. Though many
researchers have found the necessity of integration of space and time in one environment, by far, little
such work has been done.

Another problem is representation of data should be natural to human. The structures of space

and time are identified as essential for the realization of cognitive systems [12]. According to Donna J.
Peuquet and her group [13], models of spatial temporal data in geographical database representations
must incorporate human cognitive principles. Human knowledge of the dynamic geographical world
comprises of three different (and interrelated) subsystems that handle what, where and when aspects of
object properties [10]. Theme-based model, location-based model and time-based model separately
describe one subsystem. From this view, these three kinds of model are all single semantic models.
According to human cognitive principle, the model we build should cover all of these 3 subsystems.
Donna J. Peuquet and her group's pyramid framework show how to incorporate three subsystems of
human cognition into data modeling. From above analysis, we should build a unified infrastructure that
integrate space and time, mediate discrete and continuous representation, describe when/where/what
systematically, and be extensible to various applications. A multi-semantic model cannot ultimately be
generated from extension of current single semantic models such as ER model and
location/time/theme-based model. Object relational approach with its characteristic of inheritance and
aggregation is capable of capturing the various notions of space and time and reflecting them into a
single framework extensible to different applications.
Many database systems concentrate on the definition of a particular spatial temporal model that is
related to certain application. The result is that more and more different models appeared. Each model
focuses on a specific set of spatial temporal features [9]. When encountering other features and
applications, the model doesn't work. So what we should do is to build an overall framework that can
be extended to various applications, not driven by various applications generating different models
[10]. Furthermore, application specific modeling will be more efficient if it is based on a generic model
[11].

This paper focuses on the unified models of space and time using object-relation approach. In
particular, we propose a conceptual object-relational spatial temporal data model based on Donna J.
Peuquet's pyramid framework. However, even in the latest generation of OR (Object Relational)
systems, extensibility comes with many limitations and requires significant expertise and programming
effort. Indeed, the main extensibility, mechanism of OR (Object Relational) systems is allow SQL
queries to call external functions coded in a procedural language (such as C or Java). Spatio-temporal
queries are expressed by user defined aggregates, such as duration and during temporal relationships.
Therefore, query language (such as SQL®T) or other relational languages are required to support spatio-
temporal queries for biodiversity data. In addition, spatio-temporal primitives and SQLST allows user to
introduce additional extensions to the data model and query language.

This paper is organized as follows: Section 2 discusses about spatio-temporal data model and
related works and its requirement. In Section 3, discusses about data modeling approach, and data
modeling techniques. In section 4, discuss about conceptual structure of biodiversity data model. In
section 5, discuss about query languages, temporal selection and projection of spatio-temporal queries,

e
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and aggregations of temporal queries. Also this section tried to examine the spatio-temporal queries for

biodiversity data. We conclude, in Section 6, with the summary of this work and future research plans.

2. Spatio-temporal Model related works

Spatio-temporal data models and query languages are a topic of growing interest. A spatio-temporal
database is a database that embodies spatial, temporal and spatio-temporal database concepts and
captures simultaneously spatial and temporal aspects of data. It deals with the data those changes with
time such biodiversity data and geographical data.

Spatio-temporal databases have been the focus of considerable research attention [8]. For
example, proposals have been made that support the conceptual modeling of spatio-temporal plant
biodiversity data model [18], the classification of spatio-temporal applications [14], the indexing of
spatio-temporal data [15], and the modeling of moving objects [16]. However, despite progress in
certain aspects of spatio-temporal modeling and implementation, there are still very few complete
prototypes of spatio-temporal databases, far less products that provide effective support for applications
tracking changes to spatial and aspatial data over time.

However, modeling the spatio-temporal phenomenon remains a complex task due to the large
diversity of the entitics and phenomena and their possible evolution in the real world. We need a data
model and corresponding technologies to depict the dynamic entities and phenomena. Basically,
models of this kind should treat an entity as a whole and can provide us as much more rich information
as possible, not only data about its current state, but also other data about its past evolution.

A great number of data models have been suggested for a spatio-temporal system. Some of
them are based on the raster approach, others vector approach and yet other concepts can be applied to
both vector and raster data. Some models are based on the object-oriented and object-relational
approach. As was pointed out in Table 1, researchers have been trying to incorporate the time

component in the data models while maintaining their original design.

Table 1: Summary of the data models

Models

Problems

Space-time cube

Individual Geographic Feature

Space-time cube, Triad model

No stored topology

Space-time cube, Triad, Snapshot (vector, Raster), Space-
time composite.

Large amount of data

Space-time cube, Update Snapshot (vector, raster).

Complex Algorithm to recover topology

Space-time cube, Snapshot (vector, Raster), Update
Snapshot (vector, Raster), 3D/4D.

Complex Temporal Queries

Snapshot (raster, vector)

Data inconsistency

Snapshot (vector, Raster), Space-time composite.

Difficult to detect change

Space-time cube, Triad, Snapshot (vector, Raster), Space-
time composite.

Data Redundancy

Space-time composite, Snapshot (vector, Raster), Update
Snapshot (vector, Raster)

Poor Temporal Resolution

Space Time Composite, 3D/4D, Triad

Complex Model

Relational

Difficult to represent Geographical Data

Snapshot (vector, Raster), Update Snapshot (vector,
Raster)’

Time is not included in the Model

Space-time cube, Triad, Space-time composite, 3D/4D,

Not Implemented

-
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Models Problems

Object-Oriented.

Spatio-temporal Object-relational Model(STORM) Not Implemented

There are many models that have been proposed for incorporating temporal information into spatial
databases as in table 1. Some of these models treat time as an attribute of spatial objects while others
treat time as a separate dimension. Some of the main models are only briefly introduced here.

This data model is similar to the boundary representation mode in a GIS. Few years back
space-time cube model developed [26] to describe how the hydrology data will be store and retrieve in
relational database. There are three main coordinate: Feature Identity (FID), Attribute Identity (DID)
and Date and Time (TID). These coordinates are use to determine the data that stored in the database.
FID refers to data value that had measured or value key for spatial data. DID refers to key that
describes about FID that is key for spatial data that had taken. TID is a key for the time the data is
taken. TID is not referring to spatial data but only refer non spatial data (temporal data) such as rainfall
and water level. These features will be referred when accessed data from the database.

This data model can make data analysis and manipulation efficiently, still lacking to perform
the best data retrieval time, Data Redundancy Problems, representation of real world phenomena and
the model itself cannot handle the spatial data due to constraints in relational approach. The main
problem with cube model is not suitable for Geographical Phenomenon, required 3D space and
temporal queries are difficult

The snapshot approach stores (as in Figure 1) all versions of the map as series snapshots or
time-slices. This approach represents a state but does not represent the events that cause changes.
Instead of storing the change, its stores the states of the whole map or layer. This quickly leads to large
data redundancy, and has serious implications for data management and temporal analysis. The update
model (or base state with amendment) stores only the changed objects but not a completely new
snapshot of the whole data. Changed objects are represented as versions. This reduces data redundancy

and allows object history to be traceable.

A
T1

T2

T3

Rural urban
Figure 1: A snapshot model of timestamped layers

The weakness is that two snapshots contain much the same data and changes do not exist as explicit

entities. In addition, the root problem is that snapshots represent states but not the events changing one
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state into the next. Judging from time-stamp layers, the snapshot models are based on representations
of raster or vector styles

The Space-time composite model stores all past and present features by overlapping all
timestamped layers to produce a space-time composite layer [19]. This model is not very different from
the update model except that past and current features are stored in the same layer. Event-based
spatiotemporal data model; are the examples of the models used the object-oriented technology.
Scientist proposes event-based spatio-temporal data model by using the idea of Triad framework data
model.

The space-time composite approach requircs re-construction of thematic and temporal
attribute tables whenever operations involve any changes in spatial objects (shape, size, or
configuration). Consequently, geographic entities tend to be decomposed into fragments of spatial
objects. For example, a wildfire event can be represented by a set of polygons with descriptions of burn
severity and burn time.

The four basic models described above have been adapted to facilitate various kinds of
analysis and case studies through the years. Location-based and feature-based representations are not
well suited for the analysis of overall temporal relationships of events and patterns of changes through
time such as the analysis of raster data. The ESTDM (Event-based Spatio-Temporal Data Model) is an
example of a model developed to facilitate the analysis of raster-based data. The ESTDM model groups
time-stamped layers to show temporal observations of a single event in a temporal sequence. The most
significant feature of the ESTDM model is its capabilities to support both spatial and temporal
manipulations on data. However, since the ESTDM is based on raster data, modeling a vector-based
system using this model will be difficult since changes stored by the model are based on grid cells, not
spatial topology. Our application requires the storage of both raster and vector temporal data. Concepts
presented in the ESTDM model will be useful in the design and implementation of our spatio-temporal
database.

After the analysis of all the above given models and problem with those models stated above.
After the review presented here by no means represent the complete research work that has been done
in the field of biodiversity data model and spatio-temporal data, but it representing subset of such data
models. However, this review shows that although several data models have been proposed and some
of them have been implemented, there is no one which is universally accepted. The main reason of this,
no data models were not originally designed to support time. As we point out, researchers have been
trying to incorporate the time component in these data models while maintaining their original design
[20].

The main reason for the lack of universal data model is that, models were not originally
designed to support time. Researchers have been trying to incorporate the time component in data
models while maintaining their original design. To design a biodiversity data model to support spatio-
temporal data, we have chosen pyramid frame work to support a biodiversity data model design. The
challenge consists in the design of a spatio-temporal biodiversity data model, in parallel with the
development of appropriate databases, the development of efficient spatio-temporal biodiversity query

languages
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3. Data Modeling Approaches

3.1 Pyramid framework and event based approach

In the design of object-relational biodiversity data model to support spatio-temporal data, pyramid
frame can make enhancement to support a biodiversity data model design. A conceptual framework
(also known as pyramid framework) was designed which guide the implementation of the semantic
geographical information system (GIS) data model [23]. Conceptual frame work (pyramid) is
interrelated with two separate parts one is data component and another is knowledge component
(Figure 2). Data component can be divided into three categories: location (position in the spatial three
dimensions), time (position alone a time line) and theme (a set of observations, measurements, or
attribute values associated with a particular location and time). Data components stores spatio-
temporally referenced observational data such as spectral, climate, vegetation and other environmental
attributes that maybe queried and visualized to reveal embedded spatio-temporal pattern and
relationships. Data component can be computerized as a multi-dimensional, spatio-temporal referenced
‘hyper-cube’ of observational data that is similar to the ‘feature space’ concept commonly cited in
analysis of remote sensing imagery.

Knowledge component stores information about higher-level semantic ‘objects’ the
geographic entities or process that are describe by the data. Information concerning on object’s
location, time and composition. All the objects are also placed within two hierarchical relationship
structures central to cognitive knowledge representational and object-oriented modeling, plant
taxonomy (generalization) and partonomy (aggregation). The taxonomy structures groups similar
objects within a category and stores a rule-base that describes how those objects may be identified
within the data space. These rules may be derived from expert knowledge or from inductive analysis of
the observation data. In an object-relational data model consists of a set of object classes (of different
types or schemas). Each object class has an associated set of objects; each object has a number of
attributes with values drawn from certain domains or atomic data types. Of course, there are additional
features, such as object valued attributes (Oid), methods, object class hierarchies, etc. Besides objects,
attributes describing geometries including time are of particular interest. Hence we would like to define
collections of abstract data types, or in fact many-sorted algebras containing several related types and
their operations, for spatial values changing over time. This section presents a simple and expressive
system of abstract data types, comprising data types and encapsulating operations, which may be

integrated into a query language, to yield a powerful language for querying spatio-temporal data.
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What T

is it?

Where
is it?

is it?

@ When ﬁT’

Obiect

Object | Location | Time | Valuen Value
n+l1

Location Time

Figure 3: From the framework data transform to the table and time modified as events

To support temporal data, system needs another model such as event-based model. Pyramid system is a
model to support multi-dimensional, spatio-temporal and geo-graphic objects (such as location and
space). All the objects are also placed within two hicrarchical relationship structures central to
cognitive knowledge representational and object-oriented modeling, plant taxonomy (generalization).
The plant taxonomy structures groups of similar objects within a category and stores a rule-base that
describes how those objects maybe identified within the data space. Pyramid framework consists of
main three components; objects, location and time. These features will be referred to accessed data

from the database. This framework can be converted to table in stated figure 3.

3.2 Modeling Temporal Information

Time is an integral piece of information in the description of an object and / or process in a constantly
involving real world. The database requirements (indicated as gray arrows) directly lead to the
specification of data types, operations, and integrity constraints for real world object (in this case
biodiversity data). As an example in a spatial data model is implemented within a relational DBMS
(i.e., Database Management System), which raises database requirements for the data model to consists

of three data model components —spatial data types (e.g., points, lines, polygons), spatial operations
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(e.g., collection of biodiversity data from different places), and relational integrity constraints
(including accessing methods). Specific user needs as functional requirements are proposed for
different applications. For example, biodiversity data and forest area maps are specified as spatial data
types (i.e., point, lines polygons) according to the need from exploring spatial and temporal data
relevant to biodiversity data interaction. Operations and constraints corresponding to the interaction can
also be developed for handling and facilitating biodiversity data management and manipulations.

Alternatively, a data model M can be described, modified, and accessed in a uniform way, is
expressed as M= (DT, OP, and C). The data model M includes three components data types DT,
query enhancing operation OP and integrity constraints C [21]. A corresponding spatial data model
cnhancing the three components of the data model can be expressed as M°= (DTS, OPS, C5).
Meanwhile, as a spatial-temporal data model extended from M3 is denoted as M5T = (DTST, OPST,
C®T) where time is stamped o every component of the spatial data model. Its data types accommodate
time-varying spatial data. Its query operations are redefined with spatial, temporal and spatio-temporal
functions [22]. Additionally, each integrity constraint in the spatial data model C® has a temporal
version C5T.

The data types DT are the first, compared with the operations OP and the constraints C, to
reflect changes enforced for applications. The literature reveals that spatio-temporal data models
developed form spatial data models usually start with the design and implementation of new data types
and data structures. Query languages and access methods, although they are components equally
important to the data types in the data model, are the next for modification.

Usually, extending the data structures with time attributes does not cause any severe problems.
In temporal databases, it is customary to include a number of different time dimensions. The most
common kinds of time are: valid time, transaction time, record time, event time, future time, and end
user-defined time. We adopt the taxonomy of time terminology given in [23] for valid time and record
time in [24] for event time. Valid time consists of the start time and end time used to delimit the
records of an object history. Start time is the time when new object become valid in the database. The
end time is the time when information of an object is recorded in the database. The event time is when
the event about an object actually occurs.

In our approach, each object is stamped with either a valid time interval, <start time, end
time>, or an event time. The reasoning behind making a difference between them can be explained by
the following examples. A data collector may collect biodiversity data for few days from 10 January
2003 to 20" January 2003 which can be conveniently represented by a time of the interval. However a
flora or fauna image / data represents of plant and animal species in particular growth stage. It is valid
when image / data have been collected and there fore, it is more appropriate to describe it by an event

time.

3.3 Object- relation Data Model Techniques

The object relational model (ORM) is a way of describing or representing objects, classes of objects,
relationships between objects and classes, and real world memberships. The ORM can be considered

the static part of object-oriented systems modeling. That is, the ORM describes the “database” of a
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model: what objects may exists, what objects classes they belong to and what relationships exists
between objects. In the object-relational model also consists of object, object classes, relationships

relationship sets and constraints.
3.3.1  Objects Types:

An object includes a static part, a set of data, and a dynamic part, a set of procedures manipulating this
data. an object is defined by its behavior, and represented by the set of its procedures, rather than by its
structure. An object has a unique and immutable identified that differentiates it from other objects. An
object identity (OID) comes into being when thé object is created and can never be confused with that
on an other object even if the original object has been deleted. The OID never changes even if all the
properties of the object change. It is depend on the object’s state. An object identifier further has the
following characteristics: 1) it identifies an object not only in an extension of a class, but also in
database, 2) it is constant throughout the lifetime of the object, 3) it is not visible to the user, and 4) it is
created and maintained by the system.

An object has a set of attributes (Instance variables), and relationship with other objects. An
attribute models the state of an object. Spatial and/or temporal information may be associated to
objects, independently from the characteristics of their attributes. Consequently, an object type can be
plain (neither spatial nor temporal), spatial, temporal, or spatio-temporal. The term object, however, is
fundamentally different from the term entity. Entity is concerned merely with data. We typically store a
record from each entity. Object concerned with data and the methods with which it is manipulated. For
example, in biodiversity data model different object represents the different real world entities as

shown in Figure 4.

Geo-region
Taxonomy Data .{|§
Biodiversity Data '_’ Geospatial Data _ -
Temporal Data SpatioObject SpatialCollection
Point Line Polygon

Figure 4: Object type and spatial data as object

There are two types of object diagrams: class diagrams and instance diagrams. A class diagram is a
schema, pattern, or template for describing many possible instances of data. A class diagram describes

object classes. An instance diagram describes how a particular set of objects relates to each other.

“
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3.3.2 Abstraction mechanism

The object-relational data model is built on few basic concept of abstraction: relationship,
generalization, association and aggregation. These abstraction concepts may be described by the means
of relationship sets. A relationship set is a set of relationships, ali of which have the same role to
between objects. In an object-relational diagram, a relationship set is represented by lines connecting
associated objects. As for objects, relationship may be located in space and time, via two attributes. In

this case they are referred to as spatial and/or temporal relationships.

3.3.3 Generalization and specialization

Generalization and specialization represents the “Is-a” relationship set, an essential element of object-
relational paradigm. The main idea in generalization and specialization is that one object class
(specialization) is a subset of another (the generalization). The process of generalization consists of
putting classes together in what is called a superclass. Generalization enables us to perceive that all
instances of more specific concept are also instance of general concept. Specialization, on the other
hand, breaks apart a class by differentiation of properties or forms a set of lower class called subclass.
Specialization allows us to describe each subclass of a more general class by specifying only the

additional details necessary for us define. Subclass describes a specialization of the superclass.

l Biodiversity Data l T
A A y
Generalization
Specialization Is-a
I Taxonomy data l rGeospatial data ! | Temporal data I

Figure 5: Generalization and Specialization

The terms superclass and subclass characterize generalization and specialization. It is important to note
that superclass a subclass are abstraction of the same object, and do not describe two different objects.
The direction of the “Is-a” relationship goes from the specialization to the generalization (Figure 5),

that is, it may be stated as, “Specialization Class is-a Generalization Class”.

3.3.4 Association

An association describes a group of links with common structure and common semantics. A link is a
physical or conceptual connection between object classes. All the links in an association connect
objects from the same classes. Association and links often appear as verbs in a problem. An association
describes a set of potential links in the same way that a class depicts a set of potential objects. In fact,
the notion of an association is certainly not a new concept. Associations are widely used throughout the

database modeling community for years.
e ——
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In an object-relational model diagram, association is also known as the “member of”
relationship set (Figure 6). For example, clubs and teams are usually modeled using association.
Accordingly, an object in the Taxonomy data object class is a set of objects from the Species,

IdentCharacteristic, IdentLevel. The relationship set is read “Species is a member of Taxonomy Data”.

Taxonomy Data

Member - of

{ l
Species IdentCharacteristic IdentLevel

Figure 6: Association

3.3.5  Aggregation

An aggregation represent the “a —part-of” or “is subpart of” relationship set, in which objects
representing the components of something are associated with an object representing the entire
assembly. Aggregation is a strong from of association in which an aggregate object is made of
components. Components are part of the aggregate. The aggregate is semantically an extended object
that is treated as a unit in many operations, although physically it is made of several lesser objects. A
single aggregate object may have several parts: each part-whole relationship is treated as a separate
aggregation in order to emphasize its similarity to association.

However, there are may be some discussions of the differences between association and
aggregation. Aggregation is a spatial form of association, not an independent concept. Aggregation
adds semantic connotations in certain cases. If two objects are tightly bound by a part-whole
relationship, it is an aggregation. If the two objects are usually considered as independent, even though
they are often linked, it is an association. But, the decision to use aggregation is often arbitrary a being
matter of judgment. Often it is not obvious if an association should be modeled as an aggregation [25].
Most of the objects dealt with in biodiversity databases are composite, i.e., they exhibit an aggregation

hierarchy. They follows are some of the aggregations in the biodiversity data models:
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Country <>—+ State <>——+ District <>—C| City

b

GeoSpatial Data

? Part - of c
- SpatialCollection l Point l Line Polygon

Species

Figure 7: Aggregations in biodiversity data model

An order contains several families. A family in turn contains several genuses and genus contains
closely related species. Since a family cannot belong to two orders, the order-family relationship is
modeled as an aggregation rather than an association. Similar arguments hold for genera and species
also. Hence, taxonomy hierarchy is modeled as a four level containment hierarchy in biodiversity data
model (figure 7a)

A country contains number of states, each states is made up of districts and districts made up
of cities. The relationship is also modeled as a four level containment hierarchy. Similarly, the
association between a city and the forest department in the city and the association between a country
and a forest are modeled as aggregations (figure 7b). Figure 7c is an example of an aggregation.
Geospatial object in as aggregation of the SpatialCollection, point, line and polygon that are the part of

it.

3.3.6 Constraint

Most of the system can be model with objects, objects classes, and relationship sets. Constraints are
functional relationships between entities of an object relationship model. Constraints provide one
certain for measuring the quality of an object relational model. In object relational model, a constraint
restricts the membership of one or more object classes and relationship sets. The object relational
model allows analysis to express several different types of constraints. However, in the object behavior
model and interaction model, it may be useful to use this constraint in order to describe some restricted

condition.

4. Conceptual Biodiversity Data Model Structure

After explanation of several components of object relational model, this section shows some
relationships among the components of object relational model for biodiversity. The proposed spatio-
temporal data model is described by means of collection of one or more class diagrams that form the

object model and connected with its related relational tables to form an object-relational data model.

e T ——————
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The class diagram which describes the structural characteristics of the proposed spatio-temporal data
model is presented in Figure 8. It shows that five major classes were identified and incorporated into
the data model: BiodiversityFeature (BF), BiodiversityData (BD), Spatial Data (SD), Taxonomy Data,
and Temporal Data (TD).

Object-relation is the most powerful techniques to design object-relational data model. The
design of an object-Relational Data Model generally involves two basic steps. First, structural
modeling, which describes the structure of similar objects in terms of classes, their similarities and
differences (generalization), the associations or connections among these classes, and the structural
constrains. The second step corresponds to behavioral modeling, which describes the behavior of

different classes in terms of operations and relationships.

Jilid 17, Bil. 2 (Disember 2005) Jurnal Teknologi Maklumat




BiodiversityFeature

BioFeaturelD: IdentifierType
BioFeatureName: NameType

Biodiversity BiodiversityData Biodiversity
Data < Y Feature
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— |

TaxonomyData

TemporalData SpatialData
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TaxonID[1]: identifierType
TaxonValue[1]: AttributeType

SpatialDatalD[1]: IdentifierType

TemporalD[1]:IdentificationType SpatialDataName[1]:NameType

E TemporalReferencing:Reference
taxonDataType[0..1]:NameType b Color[1]: ColorType
TaxonldntDate[1..*]:Date Type TemporalResulution:
| v
¢ Py ® Spatial
Texonomy DateTime Interval Data
Data
N A 7 *
Date Time YearMonthInterval DayTimelnterval
Day Hour
Monih Minute Month Days
year Second Year Hours
Minutes
Time-stamp Seconds
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Figure 8: Detailed Structure of Spatio-temporal Object-Relational Model for Biodiversity

5. Querying with Spatio-temporal Operations

Our intention is not to devise a new spatio-temporal query language from scratch but to appropriately
extend the widespread database query language SQL. The main focus is on integrating developments.
We profit from the fact that the underlying data model rests on the Abstract Data Type (ADT) approach
which necessitates only conservative extensions to SQL which are: (i) a set of basic spatiotemporal
predicates, and (ii) an extension mechanism for new, more complex spatio-temporal predicates. We call
this extended query language STQL (Spatio-Temporal QueryLanguage). All added functionality is
captured by ADT objects and operations. The benefit of this approach is the preservation of well
known SQL concepts, the high-level treatment of spatio-temporal objects, and the easy incorporation of
spatio-temporal predicates.

The query facility of SQL is provided by the well known SELCT FROM WHERE clause. The
integration of predicates like “<” or “<> for standard data types such as integers or strings is well
understood. In particular, there are only a few of them which allow one to include them as built-in
predicates. When considering more complex and more structured data such as points, lines, or regions,

one can try to systematically derive all reasonable predicates. Temporally enhanced object-relational

S
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system can express temporal queries as powerful as those of TSQL2 with only minimal extensions to
standard SQL by using construct such as user-defined functions and table expressions supported in
Object-Relational systems.

We will consider queries from two (simplified) application scenarios. The first scenario is
related to biodiversity data (such as flora, fauna) management which pursues the important goal of
learning from past biodiversity data and their evolution. We assume a database containing relations
with schemas

Flora (FloraName: VARCHAR?2, Territory: Species name)
Flora TypcType (ForestArea: VARCHAR?2, Extent: species)
Area (ForestArea: VARCHAR2, Location: Point)
Collectors ( CollectorName: VARCHAR?2, Actor: Person)

The relation flora records the location and the development of different species (attribute
Territory) growing and shrinking over time through clearing, cultivation, and destruction processes, for
example. The relation of flora collects from different places and it growth of different data by different
people to their extinction (attribute Extent). The relation collectors describes about.each flora being on
duty from their start at the collection data up to their return (attribute Location).

The second scenario, finally, relates to a database about the migration of birds in order to
explore their behavior patterns over the years.

Birds (Swarm: VARCHAR2, Movement:Point)

5.1 Temporal Selections

The first queries refer to the simple temporal range query. A femporal selection extracts the value of an
object at a certain instant or the temporal development over a certain period. We can then ask queries
like “what happened to the data between days January 10, 1995 to January 20, 1995?”
SELECT Flora_ID FROM flora
WHERE (((Flora_collection_year) Between # 01/10/1990# AND #01/20/1995#));
This query shows the functional character of a spatio-temporal object by determining the
value of the object al a certain time through a simple function application. A more general version of
this query asks what happened to the data between January 10, 1990 and January 20, 1995.
WHERE (((Flora_collection_year) Between # 01/10/1990# AND #01/20/1995#));
The “Between” notation specifies a range of time values, that is, a time interval. If a spatio-
temporal object is applied to a time interval (or a collection of disjoint time intervals separated by
AND), this expression yields a spatio-temporal object restricted to that time interval (function

restriction).

5.2 Projections to Space and Time

Projection operations on moving objects map either to their spatial or to their temporal aspect. Assume
that we are interested in the geometric locations where the data was changed at the year January 20,

1990. These can be obtained by:

“
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SELECT Flora_ID, AreaName
FROM Flora, Area
WIHERE (((ForestArea =#Johor# AND #01/20/1990#));

This operation computes the spatial projection of a spatio-temporal object for the Johor forest
area. For an evolving region the trajectory operation returns an object of the spatial type region which
results from projecting the union of the region values for the Date 20" January, 1990.

The next query asks for the lifespan of a spatio-temporal object: “How many times data have been
collected from Johor before 19957~
SELECT COUNT (Flora_ID) AS Ex1, COLLECTION_DATE AS Ex2
FROM Flora
GROUP BY COLLECTION_DATE
HAVING (COLLECTION_DATE <CONVERT (DATETIME, ‘1990-30-12"))
WHERE Area = "Johor"

The count operator collects the times when the area Johor is defined (temporalprojection). In

this way inverse temporal functions can be computed. The duration operation computes the length of an

interval or of several intervals.

5.3 Aggregations

The following query inquires about the largest collection of flora areas.

SELECT Area (max (Extent)) FROM ForestArea

WHERE Type = "Flora"
The query demonstrates an example of a spatio-temporal aggregation operation max which is an
extension of the well known aggregation operator in SQL of the same name. It is here applied to a
collection of evolving regions contained in a relation column and computes a new evolving region.
Internally, this operator is based on a binary function MAXyrapplied to two evolving regions R; and R,

‘and yielding a new evolving region in the following way:

AN
MAXsr (R Ry):={(t, ) [t€time  r MAXg, (R; (1), (R: (1)}

This definition uses a function MAX,,, which is applied to two regions R, and R, and which returns

larger of both regions.

14 If are > area (r;
MAX oo Ry, Ry)= MY a (ry (r2)
v, otherwise

Altogether this means that for 2 evolving regions R, ..., R, we first compute the evolving region R =
MAX,, (Ry,... MAX(R,.1, Ry )...). Afterwards, we apply the raise area of R, which computes the area
of R at all times as a temporal real number.

Peuquet and Wentz (1994) propose three classes of queries on a spatio-temporal database. The
first is change in an object or feature. The second is change in the spatial distribution of an object or set
of objects. The third is the temporal relationships among multiple geographic phenomena. But most
current languages which develop temporal query languages are a result of extending an existing query

language based on business type applications. There are, however, additional temporal query language
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requirements in biodiversity systems, because biodiversity data changes over temporal factor rather
than spatial issues. The problems of biodiversity data are closely associated with spatial matters. To
examine the relationship between time and a player (who observe and collects data) or location of
biodiversity area, we consider the following questions:

¢ General temporal query: when and who collects data? Time + Participant

e Specific temporal query: how much data has collected at time T?

®  Temporal range query: how much data change before T1, between T1 and T2, and after T2?

*  Spatio-temporal query: who, when, and where collection take place at time T1, between T1

and T2 and after T2? Time + Location + Participant

There are few conceptual differences among temporal queries. But, spatio-temporal queries are very
diverse. The second query considers a time instant and other three associated with time intervals. An
important question is whether we need to represent more details of the timeline in a biodiversity
system. Even if it is always possible to do that, it is seldom needed. Because the importance lies with
time instant and the relationship among time intervals are most often used in GIS. Temporal events and
intervals can be represented by a discrete and totally ordered time model. Judging from the
requirements of temporal models, they should adequately represent -and manage real world entities as
they evolve over time. An entity assumes different values over time. The set of these values from the

temporal history of the entity.
6. Conclusion

Data model has been developed either spatial and temporally. In this paper we have discussed issue of
spatio-temporal and data modeling and query language. A number of data models have been suggested
for a spatio-temporal system. Some of them are based on the raster approach, others on the vector
approach and yet other concepts can be applied to both vector and raster data. Some models are based
on the object-oriented paradigm, an approach that is capable of integrating both vector and raster data
into one data model. This paper takes into consideration the development of spatio-temporal data
model for biodiversity data and minimizes those problems. For the first experimental investigation
purpose, we have tried to applied johor forest data for the suitability of the model for handling spatio-
temporal data. For this purposes, we inserted and manipulated the biodiversity data through proposed
model and perform a specific set of pre-defined temporal and spatio-temporal queries on it as discussed
above. The proposed model supports well the spatio-temporal data to perform spatio-temporal queries.
Experimental works still under process to obtain better result than previous experiments. Few
more steps to be done within few months such as comparison between proposed data model and

existing model, user interface design and system development.

e ———————————————————
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