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1. A Conventional Database Management System

A database management system (DBMS) is a system software used to
manage the organization, storage, access, security and integrity of data in a
structured database. -The nature of database management systems has
dramatically since the 1960 as the demand for data storage have increased
and the technology to store data has plummeted.

A database can be a set of flat files stored on computer tape or disk or it could
consist of database tables that are managed by a Database Management
System (DBMS). There are different types of DBMS products: 1) relational,
network and hierarchical.

The most widely commonly used type of DBMS today is the Relational
Database Management Systems (RDBMS). Some Data Base Management
Systems can be accessed directly using programming languages such as
COBOL while others provide their own programming language for interacting
with the database. Many DBMS applications also provide reporting and query
tools to view data

In the early days of computing, disk storage was extremely expensive. Most
application systems ran in batch mode using data that was stored on
magnetic tape. Data had to be read sequentially from flat files. For
performance reasons, the management of data was tightly integrated with the
application system.

As the cost of disk storage fell, opportunities to store data for real-time access
arise. Speclalized DBMS software emerged during the 1960s for the sole
purpose of managing data. Application systems were then able to focus on
the user interface, screen navigation, data validations etc. and could leave the
data management tasks to the specialized DBMS technology. The application
system simply had to call the DBMS when it needed to read or store data.

The early DBMS systems required structured data which is easy to store
and/or access. Data was stored in database records that were linked to
related data via "pointers”, (i.e. hierarchical and network databases).
Although speed of access was good, flexible access to data was not.

As the cost of data storage fell, it became feasible to store data in tables.
This eliminated much data redundancy and provided much more flexible data
access. Most DBMS databases today are relational.

One very important role of a database management system is to maintain the
data definitions for each table and columns in the database. Each piece of
data must be assigned a name, a data type (e.g. date, alphanumeric,
numeric) and a mandatory/optional status. Most DBMS packages will enforce
these rules when rows are added to the database. DBMS packages can also
enfotce domain rules. For example, domains for marital status, state codes or
country codes could be defined to ensure that only valid values are stored.

Most DBMS software will also enforce cardinality and optionality rules that
govem relationships between things of interest (i.e. tables). Examples of such
rules are as follows:



1. Each customer may have zero, one or many orders.
2. One and only one customer must initiate an order.
3. An order must have one or many order items.

When rows are deleted from the database, the DBMS will ensure that all
dependent rows are also deleted, leaving the database in a stable state. For
example, if an order is deleted, the DBMS would ensure that all related order
items are also deleted. Enforcing referential integrity rules is an important role
of database management systems.

Another important role of a Database Management System is to enforce data
security. Based on the assigned roles of users, a DBMS system can ensure
that a given user only has read and/or update access to appropriate columns
in the database. This ensures that private data such as salary information is
only accessible to the appropriate parties.

Data access can be restricted via database "views” that filter out sensitive
data and by other means. Many DBMS applications can track changes made
to tables in the database. Along with the prior version of the data, the DBMS
will record the identity of the person who altered the data.

Maintaining audit trails on important data is another important role for
database management systems. Following are some database management
Systems

1) DB2 is a relational database management system that was introduced by
IBM in 1983. The product was initially developed to run on the MVS
operating system. A distributed version of DB2 was then released on OS/2 in
1987. Today DB2 is widely used by large organizations and can run on wide
variety of UNIX, Linux and Windows platforms.

IBM markets different “editions™ DB2 with different licensing arrangements.
The cost of ownership therefore is based on the options that are needed.
DB2 Editions include the following:

DB2Workgroup

DB2 Workgroup Unlimited

DB2 Enterprise Server Edition

DB2 UDB Data Warehouse Enterprise Edition (DWE)

hON

The DB2 UDB Data Warehouse Enterprise Edition includes business
intelligence capabilities such as ET, data mining and online analytics.

Microsoft Access 2003 is a low cost relational database management
system (RDBMS) used mainly by home users and small businesses with one
or two system users. It can run on a personal computer or server and
provides an easy-to-use interface for designing simple databases, reports and
data entry forms.

The current version of MS Access allows you to save, read, and interchange
data in XML format. The DBMS also has good ODBC capabilities (for
connecting to other data sources) and can grab data from external databases



and spreadsheets. Microsoft provides a wizard to replicate an MS Access
database to Microsoft SQL Server.

MySQL is a popular database management system that is used in some six
million installations. It is widely used for web applications, especially in
concert with PHP.The MySQL DBMS is owned and sponsored by the
Swedish company MySQL AB. The company sells support and service
contracts, as well as commercial licenses.

Oracle Corporation launched its first commercial SQL relational database
management systems in 1979. The DBMS runs on Unix, Linux and Windows
platforms and is widely used around the world.

Oracle is the world's largest enterprise software company and sells many
applications system packages that run on its Oracle database. In late 2005,
the company purchased PeopleSoft and rsights to its CRM, Purchasing,
Financials, Human Resource, Supply Chain Management software packages.

Commercial database management systems (DBMS) such as Oracle,
Sybase, Informix and O2 allow the storage of huge amounts of data. This data
is usually considered to be valid now. Past or future data is not stored. Past
data refers to data, which was stored in the database at an earlier time
instant, and which might has been modified or deleted in the meantime. Past
data usually is overwritten with new (updated) data. Future data refers to data,
which is considered to be valid at a future time instant (but not now).

A DBMS stores the data in a welldefined format. A relational DBMS, for
example, stores data in tables (also called relations). Thus, a relational
database actually contains a set of tables. Each table contains rows (tuples)
and columns (atiributes). A row contains data about a specific entity, for
example, an employee. Each column specifies a certain property of these
entities, for example, the employee’s name, salary etc. The following table
stores data about employees:

EmplD [Name |Department/Salary
10 John [Sales 12000
12 GeorgelResearch 10500
13 __ [Ringo [Sales 15500

Object-oriented DBMS store data about entities in objects. So each employee
is actually an object. The type of an object specifies the properties the object
has. An employee object thus has properties such as a name, a salary etc.
Sets of objects of the same type are called collections. Thus - in an object-
oriented DBMS - a database contains a set of collections.



2. Limitations of Conventional DBMS and need for Spatio-
Temporal DBMS

The existing relational DBMS (RDBMS) technology has been successfully
applied to many application domains. RDBMS technology has proved to be an
effective solution for data management requirements in large and small
organizations, and today this technology forms a key component of most
information systems. However{ the advances in computer hardware, and the
emergence of new appllcatlon réquirements such as multimedia and mobile _
“databases, GIS, large size databases produced a situation where the basic_
anderlyling ‘principles_of ‘data management need to be re-evaluated. Some

“technology observers see RDBMS technology as obsolete in the context of

- —

today’s application requirements and advocate 'a shift towards Object-
Oriented (OO) databases. While complex data types play an important role in
many applications, they represent only a subset of the problems which
database technology needs to address. | attempt to provide a balanced view
on new trends in database technology. Here the requirement for high-volume
databases and their application areas, which are being successfully
addressed by extending relational database technology, are discuss.

For most of the history of databases, the type of data stored in a database is
relatively simple and hence there is a limited support for the data types in
earlier versions of SQL.

In past few years, there has been increasing need for handling new data
types in databases, such as temporal data, spatial data , multimedia data and
'So on. Hence there is a through study of SpatIO-Temporal Database ™
Management System.

Miniaturization of computing devices, advances in wireless communication,
and development of positioning systems created a wide range of database
applications such as location-based services, vehicle tracking and air polution
movement that has to deal with Moving Objects (MO). Database Management
System (DBMS) technology provides a potential foundation upon which to
_develop these appllcatlons however, DBMS's are currently not tuned for this
_purpose. The reason is that there is a critical set of capabilities that are
‘needed by moving objects database applications that are not supported in
" existing DBMS'

This dissertation presents behavi ct of 1 i ral data

for managing and querying moving objects. The -ebjective is to evaluate-and-
develop a framework for managing and querying moving object database. A
commercial software package has then been selected to design and develop
the capabilities required for moving g object’s queiés. In order to €xamine the
develop’éa'sistem. the quériies poses by fleet management companies are

" selected. Thé results have been evaluated and showed the Superior

functionalities = of the system.



3 . Current Database Technoloqy Trends

Commercially available database technology supports the requirements of
most business-style applications. Such applications use structured data, i.e
information that can be represented as records with pre-defined standard data
types (e.g. character, number, date, etc.). Business applications are
characterized by well-defined (short) transactions in which individual users
update simple records; typically, a single row in a database table (e.g.
debit/credit banking transactions). While the management of structured data
remains important other types of information including image data, audio,
video, and text are used increasingly in applications today.

New Application Requirements

A number of new application areas have emerged recently which require data
management support that extends well beyond the ftraditional data
management functions. Also importantly, advances in computer hardware,
network and user interface technology have re-defined the context in which
data management needs to performed. In this section we discuss three new
database application areas: complex object databases, high-volume
databases, and mobile databases.

Complex Object Database Applications

Application such as CAD/CAM (Computer Aided Design/Computer Aided
Manufacturing), document management, and multimedia, are forcing the
developers of DBMS technology to re-assess the basic underlying database
principles and produce new technical solutions. The distinguishing features of
these applications are complex objects and unstructured data, which are
difficult to represent as tables in a relational system. Applications that use
complex objects often involve complicated, long-duration transactions that can
ge,severa"l_—d?yg__gﬁen_weeks to complétgi.Fﬁi'—éiample. transactions
encountered during design_activities tend to_involve co-operation between
several users and cannot_be_served effectively by traditional transaction
mechanism, which_relies_on locking and transaction rollbacks t_resolve
contentions. Many database researchers regard the relational_model_as _
unsiitable for applications of this type and advocate the use of object-oriented
technblogy. OO technology has_been applied successfully to programiming
and user interface development, but its impact on database is still rather
unclear. Several pure OODBMS , (Object-Oriented DBMS) products are
available commercially (e.g. Versant, O2, Object Store), but they remain
focused on specialized applications and have not achieved wide market
acceptance. Some research problems and many practical issues remain to be
resolved before OODBMS technology can be applied to large-scale, mission-
critical applications. Hybrid solutions which support both structured and
unstructured information using relational and OO technologies are being
developed for commercial use by database vendors. For example, Oracle
Media Server combines Oracle database server technology with text and
multimedia servers.




High-Volume Database Applications

Another active area of database research and development concems
applications which use very large volumes of data. Examples of such
applications include retail chain licati jch store every cashier
transaction in a histori se and perform ad-hoc analysis to determing,
stomer buying pattems, and the popularity of individual products.

nally, the main Tactor limiting database performance was the speeds of
disk read and write operations (1/O throughput). Advanced cashing techniques
used in modern database server systems have resolved the VO bottleneck
and produced CPU-bound systems. An obvious solution to the CPU
bottleneck is to use multiple-processor systems configured as either SMP
(symmetric multiprocessor) or MPP (massively parallel processor) systems.
Parallel computing architectures have been used in scientific computing for
some time, and they are now beginning to impact on database applications.
Proprietary database machines (e.g. Terradata, Tandem, etc.) built using
specialized hardware and software were the first parallel database
technologies on the market. The use of multiprocessor machines for database
applications is becoming an attractive solution to pegrformance problems
associated with high-volume databases as the cost of multiprocessor
hardware falls. MPP architectures present a particularly cost-effective solution
as MPP systems are constructed using commodity processors (i.e. Intel 486
and 586) and offer excellent price-performance ratios and scallability. Several
complex technical problems need to be overcome to enable database server
systems to achieve good scallability on MPP architectures. To start with, MPP
systems are based on shared-nothing architectures; each processor has its
own RAM (Random Access Memory) and communicates with other processor
via an interconnection network. Consequently conventional concurrency
techniques, which rely on shared memory, do not work in this message-based
environment. Also, to take full advantage of MPP architectures all database
operations need to run in parallel. This applies in particular to query and
update operations, but also to table and index creation, database loads and
backups. Interestingly, the SQL language, because of its non-procedural
nature and theoretical foundation in relational algebra, lends itself to
parallelizations. SQL queries can be expressed in functional form and
operations such as aggregation, sorts, joins, and table scans can be run
simultaneously on multiple processors. Production versions of database
server technology are available today which perform at least some database
operations in parallel .The impact of parallel computing on database
processing is likely to be highly significant creating new opportunities for
applications which cannot be accommodated with single processor
architectures.

Mobile Databases

With the emergence of mobile computing the corporate information system
also includes notebook computers and other portable devices. Similar to
desktop computing users, mobile users need access to information stored on
corporate database servers. In some cases, mobile users carry fragments of
the corporate database with them in notebook databases and from time to
time need to synchronize their information with the information held on the
remote server. Mobile computing can be regarded as a special type of
distributed environment and presents a number of technical problems for
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database implementation. Firstly, mobile computing is characterized by
relatively slow communications based on wireless networks (2 - 9 kbps) or
modems using phone lines (up to 28.8 kbps). Mobile communications are
non-continuous and generally unreliable causing poor system availability.
Synchronous client/server computing techniques which need fast and reliable
networks are not suitable for communications between the server and the
client application running on a mobile workstation. Asynchronous processing
using store and forward techniques are best suited to this type of
environment. During periods when the mobile station is disconnected,
messages are sfored in a queue and transmission is resumed when
communications are re-established. In situations where the mobile station
also carries data, the resulting environment can be characterized as a
distributed database. Asynchronous replication techniques play an important
role in maintaining information stored on mobile stations. Database and
communication technologies suitable for mobile operation were announced
recently and will be available commercially in the near future.

These new types of applications have created a situation where the existing
database server technology is no longer sufficient. Both the size and the
complexity of databases have dramatically increased forcing database
researchers to develop new data and transaction models. The result of this
research is now beginning to impact on commercially available database
server technology. In this dissertation | have briefly reviewed the
achievements of database research and development of new database
application area. High-volume database applications are already a reality in
many organizations today and paralle] database technology is beginning to be
used to address the requirements of such applications. Complex object
databases and mobile databases are likely to become significant areas of
activity in the future.



4 .Literature Review

In order to understand the concept of Spatio-temporal databases, first it is
needed to understand the basis behind the concept. “A temporal data means
a data with respect to time and a spatial data means.a data with-respect.ta
Space and a collaboration of Space and Time with ) each other”.
Spatio-temporal databases deal with applications where data types are
characterized by both spatial and temporal semantics. Development and
research in this area —started decades ago, when marnagement and
manipulation of data, relating to both spatial and temporal changes, was
recognized as an indispensable assignment. However, spatio-temporal data
handling was not a straightforward task due to the complexity of the data
structures requiring careful analysis in structuring the dimensions, together
with the representation and manipuiation of the data involved. Therefore, the
earlier work in this area begins from separate research in both temporal
[1993] and spatial [1994] databases. This effort {ater became the basis for
spatio-temporal database models.

Since the integration of spatial and temporal database models into spatio-
temporal database models, a number of new approaches have been
proposed. At the same time, reviews of these works have classified and
compared the existing spatio-tempbral models. Currently, domain experts are
trying to achieve more effective integration of the spatial and temporal aspects
prov:dmg practical, unified ‘Spatio-temporal data modeling, and clarifying the
direction for further research and development. Standing at this point the -
contribution and contemporaneously the_aim of this 3TL22r is to provide a
complete review of existing spatlo-temporél database models developed or
suggested in recent decades and for the first time to critically compare and
evaluate them in terms of some universal criteria,.in order to identify the trend
as'well as the fieeds for further research in the area.

The attempt to classify most of the existing data models was facilitated by
previous reviews in the field. One of the most significant contributors of the
domain has been"Gail Langran who first looked at the aspects of time in
Geographtc Information” Systems (GIS) [1992]. Although Langran’s work
covers many of the most important issues of spatlo-temporal systems, a
number of new proposals have emerged since. Earlier review works are
considered and included in order to capture all the trends and the ideas
proposed in the domain of spatio-temporal database modeling. [1992] was
one of the first attempts to present the poor (till then) theories and methods of
reasoning in the time varying spatial space, while a bibliography on spatio-
temporal databases until 1994 was published , which contains interesting
pointers for further reference. More fruitfal reviews of the domain were
available the forthcoming years in [1996), [1997), [1999], [1999], [2001] and
especially in {1998] where is introduced the classification of spatio-temporal
database models used in the current survey of the area.

= -

Definitions on Spatio-Temporal Data Modeling
Evolving research on space-time representation has focused on a number of

specific areas, including:
(1) the ontology of space and time and the development of efficient and

robust space-time database models and languages,
(2) inexactness and scaling issues,



(3) graphical user interfaces and query optimization,
(4) indexing techniques for space-time databases.

Spatio-Temporal d_a_t?___r[lggg_ls*ar_e_the._coreof_a Spatio-Temporal Information
System (STIS); they define object data types, relationships, operations and
rules to maintain database integrity. A rigorous data model must anticipate
spatio-temporal queries and analytical methods to be performed in the STIS.
Spatio-temporal database models are intended to deal with real worid
applications, where spatial changes occur over the time line. A serious
weakness of existing models is that each of them deals with few common
characteristics found across a number of specific applications. Thus the
applicability of the model to different cases, fails on spatio-temporal
behaviours not anticipated by the application used for the initial model
development.

The study of the literature of the domain highlighted a set of precise
characteristics of existing models that stand for the requirements of spatio-
temporal database community. These requirements implicitty form an
evaluation norm for spatio-temporal data modeling. From this study common
directions of modeling in the area were identified and weak and strong points
of different research approaches were also detected. Consequently, this
allows to recognise the achievements of previous works, to identify the issues
where we should concentrate to and as such choose the routes for
subsequent improvements.

The above-mentioned requirements fall in four categories. The first category
deals just with the nature of time including the basic features that are used to
describe it. The second category handles the pure spatial aspects of the
existing approaches. The third deals with the unified spatio-temporal
semantics, while the last category considers the query capabilities of the
models. As we believe, if these requirements are followed carefully in the
process of designing a spatio-temporal database model, a robust and
expandable model can be achieved, capable of dealing with most of the real
world spatio-temporal processes.

Temporal Semantics

Granularity: Granularity is specified by an_anchored point on the time axis_
and a partitioning length [1996). The anchored point denotes where the
partitioning begins while the pariitioning length denotes the size of each
granule. Different applications require different levels of granularity.

Temporal operations: In the literature a series of specific operations
describing temporal relationships have been proposed and proved necessary
in handing any time-referenced information. Allen [in 1983] was the first who
introduced such kind of operations (e.g. timepoint T “inside” temporal period A
which “meets"” period B).

Time density: This issue arises whether time should be modeled as discrete
elements (isomorphic to integers) or as continuous elements (isomorphic to
" real numbers). More specifically, time density is closely related to the types of
changes/events that can occur to the value of a thematic or spatial
characteristic. Stable features that are exposed to sudden events present
stepwise constant values (e.g. position of tectonic rocks). Continuously
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changing attributes can be divided into two sub-categories according to their
pattem of change. As such we notice either uniform (e.g. ships, airplanes) or
iregular (e.g. taxis moving in a city centre) types of continuous changes. A
third type of entities exhibits discrete values (e.g. seismograms that interrelate
measurements of earthquakes at different locations), which are collected on a
periodical or irregular basis. Additionally some entities are static and never
change (e.g. historic battlefields) while other entities may be measured or
depend on the time itself.
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Figure I Types of changes according to time density

Figure 1 Types of changes according to time density

Representation of time:

In a model time is represented by timestamps, where representation methods
are different for each model, This criterion allows us to compare each
modeling technique, by whether maintaining the duration of the status of an
object or recording events that imply status change. A practical question that
arises with the representation of spatio-temporal data is what to timestamp or
on which level to associate the temporal references. In [1994] Worboys
depicts two approaches of amalgamating spatial and temporal references in a
computer-based system:

s The first option is to_timestamp the entire geographical object. This is

likely to be the most inexpensive of the options in terms of computer
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storage. However, It allows only a limited expression of the temporal
properties of the object throughout its life.
= The second option is to fuse fime and space at the primitive spatial

object level (point, polygon).
Although this option leads to a greater storage overhead, it allows a much
finer granularity of expression of temporal variability within objects.

Transaction / Valid time: There are two different clauses that a model
utilizes to associate time with spatial changes-processes. The transaction
time (or registration time) indicates the time an event is_actually recorded in_
the database—~The valid time (or real-world time) describes the_time that an
event actually happened—in-the real world. A spatio-temporal model that
supports both transaction and valid time is said to maintain bitemporal time.

Time order. Observes two major metaphors/criteria for describing the
perspective of time, that of time as an arrow, representing progress, and as a
cycle, representing constancy and continuity.
They are complemented by two other (nonHinear) metaphors, namely
branching and multidimensional time.

Lifespan: This factor shows if a model supports and deals with the duration of

n event. This also concemns whether a model keeps track of the history of the
real world objects, in terms of storing the lifespan of a discrete phenomenon
or the temporal differences for a continuous one.

Spatial Semantlcé

Structure of space. This criterion represents the two basic approaches for
computer storage of geographic data, which are the_raster and vector spatial__
data models. Raster data are structured as an array of cells, pixels or voxels
for 2D or 3D representations respectively. Space is partitioned into grids
where each cell is addressed by its position in the raster array. On the other
hand, vector techniques describe each spatial object in terms of start and end
points. Vector representations make more_efficient use of computer_storage_
ey utilize only useful data and not the entire plane.

Orientation/Direction: This standard demonsirates whether a model
supports the orientation and the direction features that real world objects
show in spacé(e.g. on the left side of, to the right).

Measurement: This issue examines whether it is possible to get a value of a
spatial object (e.q. length, perimeter, distance efc) using a particular model or
“if a model supporls comparatiVe operations such as bigger, longer.

Topology: With this criterion we distinguish existing spatio-temporal modeling
techniques according to whether they support different topological
relationships for the real world spatial objects lists all possible topological
relationships between objects of various dimensions in up to 4- dimensional

space.
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The Spatio-Temporal Semantics

Data types: This issue refers to the basic spatial, temporal or spatio-temporal
data types adopted by each model. Examples of spﬁt{,a_'jf_a__ta_!!l’gs._are the
point, line and reW_as_:gmgoral.point and Tinferval_are samples_of .
temporal _data_Types. Finally, moving “point _and moving region are
tharacteristic cases of unified spatio-temporal data types.

Primitive notions: This criterion specifies the abstraction of the real world _
used by each-model.-Each model concentrates on different aspects of the real
world to represent qut?ru;tg_m_porality in the information_system. The notions

vary depending hot oily on the method used but on the observations and
choices of the particular modeller as well

Type of change: This norm compares the models if they are able to deal with
changes in shape and size of the objects. Models are also evaluated whether
a change in the description of a spatio-temporal object can be combined with
a synchronous representation of the change of an object's position.
Consequently, the morphology, topology and attributes of a spatio-temporal
object may or may not change over time, allowing for eight different scenarios
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This norm further considers whether a model supports spatio-temporal real
world objects that change continuously or just objects that are subject to
discrete changes. An additional emerging criterion that further categorizes
existing approaches that follow the continuous paradigm is whether the latter
can deal with the movement of the spatial objects over time. This is an extra
decisive factor that differentiates models that support changes upon the
position and/or the extent of objects in the unified space-time continuum.

Evolution in time and space; This factor shows if there are defined functions
like evolution, creation, fusion efc. to observe and describe the movement or
change of objects in space, independently from their object identification. The
norm is also applied to compare models on the existence of operations able
to calculate the velocity and/or the acceleration of the movement of spatio-
temporal objects. There are specific difficulties presented by the evolution of
objects at different speeds. Normally, a physical object is thought fo
continuously move/change during its lifespan. On the other hand, a
reoccurring event must be viewed discretely. Slow continuous evolution of an
object may also be disrupted by sudden drastic changes, some of which may
be permmanent, others temporary, or even part of a cycle. To model such
evolution, a modeller may choose a discrete representation or altematively he
may use step semantics or some kind of interpolation to represent the
unrecorded states. Similarly, extrapolation can be utilized to predict the short-

term future.

Space-time Topology: This criterion sets a standard whether models can
estimate metrics like values of distance, direction and change in size of a
particular object. It further evaluates the ability of the models to represent
topological relationships (figure 2) between (in particular continuously)
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evol\{ing spatial objects for a certain period of time. In other words, it
considers relationships that are defined as the combination of the spatial
topological relationships with Allen’s temporal relationships.

Object identities: Another issue that can be employed to evaluate the
modeling ability of existing spatio-temporal data models is the manipulation of
the identity of an object. In particular, the lifespan of an object is an important
application dependant variable. The question is when does “change” affect an
object so as not to be called the same object any more? Some times it may
be more appropriate to destroy the original instance of an object and re-create
a new one, due to an extensive change. Another critical issue is that of
splitting or unifying objects.

Dimensionality:

With this criterion models are examined whether they support 2 dimensions to
model the spatio-temporal objects, as traditional GIS do. Although “2.5"
dimensional solutions exist (perspectives, stereo views etc.), volumetric 3
dimensional GIS provide advantages in displaying spatio-temporal data. In
more recent approaches, relegating the attribute value associated with grid
locations to a fourth dimension, time can be introduced as a fifth.

Query Capabilities

This section classifies existing spatio-temporal database models in terms of
their query capabilities. The proposed categorization is a superset of a similar
benchmarking framework presented in.

Queries about locations, spatial properties, and spatial relationships:
Queries of this category Involve stationary reference objects. Examples
include attribute of entities independent of space and time.(e.g. who is the
owner of this parcel?), as well as point (e.g. where is this building?), range /
distance-based (e.g. find gas stations in this rectangular area / in this circle),
nearest-neighbor (e.g. find the closest gas station) and topological queries
(e.g. find streets crossing a particular area).

Queries about time, temporal properties, and temporal relationships:
These queries can be simple temporal queries (e.g. what is the state of a
spatial feature at time {7), temporal range queries (e.g. what happens to that
feature over a given period?) and temporal relationship queries (e.g. find
stadiums that were built in Athens concurrently and their construction took
less than six months).

Queries about spatio-temporal behaviors and relationships: This set of
queries is further classified into three sub-categories: (1) Simple spatio-
temporal queries on discretely changing (e.g. what is the state of a parcel at
" time t?) or moving reference objects; examples include distance-based (e.g.
find humans passed close to me yesterday) and similarity-based queries (e.g.
find a similar trajectory to the one | followed today).

(2) Spatio-temporal range queries (e.g. what happens to a region over a given
period?) andlor join queries; examples include distance-join (find the three
closest restaurants to my fleet) and similarity-join queries (find the two most
similar pairs of trajectories in month January).
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(3) Spatio-temporal behavior queries involving unary operators, such as
traveled distance or speed (e.g. find the average speed on Saturday nights,
when/where did the fire reach its maximal rate of spread?). Based on related
research work, the above queries constitute a minimum functionality a spatio-
temporal system should provide and we expect that soon coming releases of
commercial DBMSs will partially support them.
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5. Objectives And Importance
Objectives:

to describe the limitations of current database management system.

to describe the changing current database trends

to understand the need of new data types for the different type of
versatile data

to classify the data with respect to space and time

to understand the concept of spatial database

to understand the concept of temporal database

to understand the spatio-temporal database management system

to introduced the use of spatio-temporal dbms in GIS

ONOOR O

Importance:
1. Spatio-Temporal database is helpful for wide variety of applications
where there is a need of complex data types. It has a wide scope.

2. Spatial data models are required to support cartcx}raphy. topography. Y -—ff e” oYL
cadastral and other Jelevant applications. O -m@P
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6. Introduction to Temporal and Spatial Databases

6.1 What are Temporal Databases?

» Non-Temporal Databases
» Temporal Databases
« Different Forms of Temporal Databases

Non-Temporal Databases

Commercial database management systems (DBMS) such as Oracle,
Sybase, Informix and O2 allow the storage of huge amounts of data. This data
is usually considered to be valid now. Past or future data is not stored. Past
data refers to data which was stored in the database at an earlier time instant
and which might has been modified or deleted in the meantime. Past data
usually is overwritten with new (updated) data. Future data refers to data
which is considered to be valid at a future time instant (but not now).

A DBMS stores the data in a well-defined format. A relational DBMS, for
example, stores data in tables (also called relations). Thus, a relational
database actually contains a set of tables. Each table contains rows (tuples)
and columns (attributes). A row contains data about a specific entity, for
example, an employee. Each column specifies a certain property of these
entities, for example, the employee’s name, salary etc. The following table
stores data about employees:

[EmplID [Name |DepartmentSalary
10 John [Sales 12000
12 |GeorgelResearch  |[10500
13  |Ringo [Sales 15500

Temporal Databases

Temporal data strored in a temporal database is different from the data stored
in non-temporal database in that a time period attached to the data expresses
when it was valid or stored in the database. As mentioned above,
conventional databases consider the data stored in it to be valid at time
instant now, they do not keep track of past or future database states. By
attaching a time period fo the data, it becomes possible to store different

database states.

A first step towards a temporal database thus is to timestamp the data. This
allows the distinction of different database states. One approach is that a
temporal database may timestamp entities with time periods. Another
approach is the timestamping of the property values of the entities. In the
relational data model, tuples are timestamped, where as in object-oriented
data models, objects andfor attribute values may be timestamped.

What time period do we store in these timestamps? As 1 mentioned already,
17



there are mainly two different notions of time which are relevant for temporal
databgses. One is called the valid time, the other one is the transaction
time./Valid time_denotes the time period during which a_fact is_true with
resp o the rea ansaction time is._the time period during which a
S st he database. Note that these two time periods do not have to
be the same for a single fact. Imagine that we come up with a temporal
database storing data about the 18th century. The valid time of these facts is
somewhere between 1700 and 1799, where as the fransaction time starts
when we insert the facts into the database, for example, January 21, 1998.

Assume we would like to store data abéut our employees with respect to the
real world. Then, the following table could result:

[EmpID [Name |Department [Salary [ValidTimeStarValidTimeEnd|
10 Uohn [Research  [11000 [1985 1990

10 lohn |[Sales 11000 [1990 1993

10 John |Sales 12000 |1993 INF

11 [Paul |Research [10000 [1988 1995

12 |GeorgelResearch {10500 [1991 INF

13 [Ringo_[Sales 15500 [1988 INF

The above valid-time table stores the history of the employees with respect to
the real world. The attributes_ValidTimeStart and_ValidTimeEnd_actually
represent a time interval which is closed at its lower and open at its upper
bound. Thus, we see that during the time period [1985 - 1980), employee
John was working in the research department, having a salary of 11000. Then
he changed to the sales department, slill earning 11000. In 1993, he got a
salary raise to 12000. The upper bound INF denotes that the tuple is valid
until further notice. Note that it is now possible to store information about past
states. We see that Paul was employed from 1988 until 1995. In the
comresponding non-temporal table, this information was (physically) deleted
when Paul left the company.

Different Forms of Temporal Databases

The two different notions of time - valid time and transaction time - allow the
distinction of different forms of temporal databases. A historical database
Stores data with | respect to valid time, a rollback database stores data with
respect to transactlon time. A bltemporal database stores data with respect
to both ™ valid time and transaction time.

As we mentioned above, commercial DBMS are said to store only a single
state of the real world, usually the most recent state. Such databases usually
are called snapshot databases. A snapshot database in the context of valid
time and transaction time is depicted in the following picture:
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Fig 4: Valid Time And Transaction Time

On the other hand, a bitemporal DBMS such as TimeDB stores the history of
data with respect to both valid time and transaction time. Note that the history
of when data was stored in the database (transaction time) is limited to past
and present database states, since it is managed by the system directly which
does not know anything about future states.

A table in the bitemporal relational DBMS TimeDB may either be a snapshot
table (storing only current data), a valid-time table (storing when the data is
valid wrt. the real world), a transaction-time table (storing when the data was
recorded in the database) or a bitemporal table (storing both valid time and
transaction time). An extended version of SQL allows specifying which kind of
table is needed when the table is created. Existing tables may also be altered
(schema versioning). Additionally, it supports temporal queries, temporal
modification statements and temporal constraints.

The states stored in a bitemporal database are sketched in the picture below.
Of course, a temporal DBMS such as TimeDB does not store each database
state separately as depicted in the picture below. It stores valid time and/or
transaction time for each tuple, as described above.

1. Why we need Temporal Database:
In the last two decades, the relational data model has gained popularity
because of its simplity and solid mathematical foundation. However, the
relational data model as proposed by Codd [1970] does not address the
temporal dimension of data. Variation of data over time is treated in the
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same way as ordinary data. This is not satisfactory for applications that
require past persent, and/or future data values—~to be dealt with by the
database, in real life such applications abound. In fact, most application
requires temporal data to a certain extent.

2. The Main Goal of Temporal Database:

Identification of an appropriate data type for time
Prevent fragmentation of an object description
Provide query algebra to deal with temporal data
Compatible with old database without temporal data

3. What we can do by Temporal Database:

It's easy to deal with temporal data
Record the data changed with time is more convenient ———
An object description can be well defined without
fragmentation-
¢ Having relation model to describe temporal data
» Having query algebra to deal with temporal data
It works fo handle static data (without time dimension) in
temporal database
e The traditional database algebra sfill work in temporal
database
s The new query algebra to control time dimemsion is similar to
tranditional database algebra
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6.2 What are Temporal Database Management Systems?
Non-Temporal Database Management Systems (DBMS)
« Temporal DBMS

Non-Temporal DBMS

Commercial database management systems (DBMS) such as Oracle,
Sybase, Informix andO2 are non-temporal DBMS since they do not support
the management of temporal data. A temporal DBMS should support temporal
data definition language, a temporal data manipulation language and a
temporal query language, temporal constraints.

Although some of the DBMS support data types for dates and time, they
cannot be considered to be temporal DBMS. For example, the specification of
a query considering several different database states (the history of data) is
left to the user, without any support by the system.

Temporal DBMS

A temporal DBMS such as TimeDB supports
a temporal data definition language,

a temporal data manipulation language,

a temporal query language, and
temporal constraints (such as temporal referential integrity).

PON =

TimeDB supports SQL, however in an extended form. Basically, two keywords
are added (VALIDTIME and TRANSACTIONTIME).

Temporal Data Definition Language

In TimeDB, a bitemporal table can be created the following way:
CREATE TABLE Employees (EmpID INTEGER, Name CHAR(30),
Department CHAR(40), Salary INTEGER)
AS VALIDTIME AND TRANSACTIONTIME;

Temporal Data Manipulation Language

The following statement inserts temporal data about John:
VALIDTIME PERIOD '1985-1990"
INSERT INTO Employees VALUES (10, 'John', 'Research’, 11000);

VALIDTIME PERIOD '1990-1993'
INSERT INTO Employees VALUES (10, ‘John', ‘Sales’, 11000);

VALIDTIME PERIOD '1993-forever’
INSERT INTO Employees VALUES (10, "John', 'Sales', 12000);

Temporal Query Language
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To query the data, the same keywords are used:
VALIDTIME

SELECT * FROM Employees;

This query returns the history of the employees with respect to valid time
(when were they employed). The following query find out when the tuples in
table Employees were stored in the database :

TRANSACTIONTIME

SELECT * FROM Employees;
To find out both valid time and transaction time, a combination of the
keywords can be used:

VALIDTIME AND TRANSACTIONTIME

SELECT * FROM Employees;

in fact, any legal standard SQL query can be extended with one of the
combinations VALIDTIME, TRANSACTIONTIME or VALIDTIME AND
TRANSACTIONTIME.

Temporal Constraints

Temporal integrity constraints can be expressed similarly. For example, a
referential integrity constraint demanding that at each time instant an
employee is a member of a department, the comresponding department itself
must exist, can be expressed the following way:

CREATE TABLE Employees (EmpID INTEGER, Name CHAR(30),

Department CHAR(40) VALIDTIME REFERENCES
Departments(department), Salary INTEGER) AS VALIDTIME AND
TRANSACTIONTIME;
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6.3 An Introduction to Spatial Database Systems

A definition of a spatial database system as a database system that offers
spatial data types in its data model and query language and stpports spatial
data types in its implementation, providing at least spatial indexing and spatial
join “methods. Spatial database systems offer the underlying database
technology for geographic information systems and other applications.

In various fields there is a need to manage geometric, geographic, or spatial
data, which means data related to space. '

For example,

The two-dimensional abstraction of the surface of the earth — that is,
geographic space and a man-made space like the layout of a VLS| design.

A volume containing a model of the human brain, or another 3d-space
representing the arrangement of chains of protein molecules.

Characteristic for the technology emerging to address these needs is the
capability to deal with large collections of relatively simple geometric objects,
for example, a set of 100 000 polygons.

This is somewhat different from areas like CAD databases (solid modeling
etc.) where geometric entities are composed hierarchically into complex
structures, although the i$Suesare certainly related.

Several terms have been used for database systems offering such support
like pictorial, image, geometric, geographic, or spatial database system. The
terms “pictorial” and “image” database system arise from the fact that the data
to be managed are often initially captured in the form of digital raster images
(e.g. remote sensing by satellites, or computer tomography in medical
applications). The term "spatial database system” has become popular during
the last few years, to some extent through the series of conferences
“Symposium on Large Spatial Databases (SSD)” held bi-annually since 1989
and is associated with a view of a database as containing sets of objects in
space rather than images or pictures of a space. Indeed, the requirements
and techniques for dealing with objects in space that have identity and well-
defined extents, locations, and relationships are rather different from those for
dealing with raster images. It has therefore been suggested to clearly
distinguish two classes of systems called spatial database systems and
image database systems, respectively. Image database systems may
include analysis techniques to extract objects in space from images, and offer
some spatial database functionality, but are also prepared to store,
manipulate and retrieve raster images as discrete entities.

Another definition of spatial database system is as follows:

(1) A spatial database system Is a database system.

(2) It offers spatial data types (SDTs) in its data model gnd query lgnguage.
(3) It supports spatial data types in its implemeqtahon, providing at least
spatial indexing and efficient algorithms for spatial join.

Let us briefly justify these requirements. (1) the fact that spatial or geometric
information is always connected with “non-spatial” (e.g. alphanumeric) data.
Nobody cares about a special purpose system that is not able to handle all
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the standard data modeling and querying tasks. Hence a spatial database

system is a fuli-fledged database system with additional capabilities for
handling spatial data.

(2) Spatial data types,.e.g. POINT, LINE, REGION, provide a fundamental
abstraction for modeling the structure of geometric entities in space as well as
their relationships (/ intersects r), properties (area(r) > 1000), and operations
(intersection(l, r) — the part of (/ lying within r). Which types are used may, of
course, depend on a class of applications to be supported (e.g. rectangles in
VLSI design, surfaces and volumes in 3d). Without spatial data types a
system does not offer adequate support in modeling.

(3) A system must at least be able to retrieve from a large collection of
objects in some space those lying within a particular area without scanning
the whole set. Therefore spatial indexing is mandatory. It should also support
connecting objects from different classes through some spatial relationship in
a belter way than by filtering the Cartesian Product (at least for those
relationships that are important for the application).

The purpose is to present a coherent way of the fundamental problems and
their solutions in spatial database systems. The focus is on describing
solutions that have been found rather than on listing many open problems.
We consider spatial DBMS to provide the underlying database technology for
geographic information systems (GIS) and other applications. As such, they
can offer only some basic capabilities; it is not claimed that a spatial DBMS is
directly usable as an application-oriented GIS.

In the following four sections we consider modeling, data structures, data

types and data representation for spatial database systems.
Modeling

What needs to be represented?

The main application driving research in spatial database systems are GIS.
Hence we consider some modeling needs in these areas which are typical
also for other applications.
_Examples are given for two-dimensional space, but almost everywhere,
extension to the three- or more-dimensional case is possible. There are two
important alternative views of what needs to be represented:

(i) Objects in space: We are interested in distinct entities arranged in
space each of which has its own geometric description.

(ii} Space: We wish to describe space itself, that is, say something
about every point in space.

The first view allows one to model, for example, cities, forests, or rivers. The
second view is the one of thematic maps describing e.g. land use or the
partition of a country into districts. Since raster images say something about
every point in space, they are also closely related to the second view. We can
reconcile both views to some extent by offering concepts for modeling.

() single objects , and _

(i)  spatially related collections of objects.
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For.modeling single objects, the fundamental abstractions are point, line, and
region. A point represents (the geometric aspect of) an object for which only
its location in space, but not its extent, is relevant. For example, a city may be
modeled as a point in a model describing a large geographic area (a large
scale map). A line (in this context always to be understood as meaning a
curve in space, usually represented by a polyline, a sequence of line
segments) is the basic abstraction for facilities for moving through space, or
connections in space (roads, rivers, cables for phone, electricity, etc.). A
region is the abstraction for something having an extent in 2d-space, e.g. a
country, a lake, or a national park. A region may have holes and may also
consist of several disjoint pieces. Figure 5.shows the three basic abstractions
for single objects.

' S a8

Figure 5: The three basic abstractions point, line, and region

The two most important instances of spatially related collections of objects are
partitions (of the plane) and networks (Figure 6).

A partition can be viewed as a set of region objects that are required to be
disjoint. The adjacency relationship is of particular interest, that is, there exist
often pairs of region objects with a common boundary. Partitions can be used
to represent thematic maps. A network can be viewed as a graph embedded
into the plane, consisting of a set of point objects, forming its nodes, and a set
of line objects describing the geometry of the edges. Networks are ubiquitous
in geography, for example, highways, rivers, public transport, or power supply

Fig 6: Partitions and networks
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Obviously, we have mentioned only the most fundamental abstractions to be
supported in a spatial DBMS ( in case of GIS). For example, other interesting
spatially related collections of objects are nested partitions (e.g. a country
partitioned into provinces partitioned into districts etc.) or a digital terrain
(elevation) model.

Representing Geographic Features:

How do we describe geographical features?
« by recognizing two types of data:
~ Spatial data which describes location (where)
— Attribute data which specifies characteristics at that Iocatlon
(what, how much, and when)
How do we represent these digitally in a GIS?

e by grouping into Jayers based on similar characteristics {e.g
hydrography, elevation, water lines, sewer lines, grocery sales) and
using either:

— vector data model (coverage in ARC/INFO, shapefile in
ArcView)
— rasterdatamodel (GRID or/mage in ARC/INFO & ArcView)

* by selecting appropriate data properties for each layer with respect
to: .
—  projection, scale, accuracy, and resolution

How do we incorporate into a computer application system?
¢ by using a relational Data Base Management System (DBMS)

GIS Data Structures
« Spatial Data Types And Attribute data types

Raster Data Structures: represent geography via grid cells
—— tessellations

--- run length compression

——- quad tree representation

— BSQ/BIP/BIL

— BMS representation

—- File formats

Vector Data Structures : represents geography via coordinates
---- whole polygon

— pointand polygon

—fiode/arc/polygon

- Tins

— File formats

Spatial Data Types
‘__________._-—l-—"_'—i
o continuous: elevation, rainfall, ocean salinity

e areas:
— unbounded: e.g. landuse, market areas,soils, rock type
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— bounded: e.g. city/county/state boundaries, ownership parcels,

zoning

— moving: e.g. air masses, animal herds, schools of fish

» nelworks: e.g. roads, transmission lines, streams
e points: '
— fixed: e.g. wells, street lamps, addresses
-~ moving: e.g. cars, fish, deer
Attribute data types
Categorical (name):
-——nominal

* no inherent ordering
» land use types, county names

—-==-ordinal

e inherent order
o road class; stream class

Often coded to numbers eg SSN but can’t do arithmetic.

Numerical
Known difference between values
—— interval
| e No naturél zero

o cani say ‘twice as much’

o temperature (Celsius or Fahrenheit)
-—— ratio

¢ natural zero

¢ ratios make sense (e.g. twice as much)
» income, age, rainfall

L ?.._
oy

may be expressed as integer {whole number] or floating point [decimal

fraction)

Attribute data tables can contain locational information, such as addresses or
a list of X, Y coordinates. ArcView refers to these as event tables. However,

these must be converted to true spatial data (shape file), for example by

geocoding, before they can be displayed as a map.
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Data Base Management Systems (DBMS)

Parcel Table
Parcel# Address Block $ Value
8 501 N Hi 1 105,450
9 590 N Hi 2 89,780
36 1001 W. Main 4 101,500
75 1175 W, 1% 12 98,000

Contain Tables or feature classes in which:

rows.

entities, records, observations, features:;

= ‘al’ information about one occurrence of a feature

columns:

= one type of information for all features

attributes, fields, data elements, variables, items {Arcinfo)

The key field is an attribute whose values uniquely identify each

Relational DBMS (RDBMS)

Tables are related, or joined, using a common record identifier {(column
variable), present in both tables, called a secondary (or foreign) key, which
may or may not be the same as the key field.

Parcel Table
Parcel # Address Block | $ Value
8 501 N Hi 1 105,450
9 590 N Hi 2 89,780
36 1001 W. Main 4 101,500
75 1175 W. 1st 12 98,000
Secondary or foreign key
Geography Table
Block | District | Tract | City
1 A 101 | Dallas
2 B8 101 Dallas
4 B 105 Dallas
12 E 202 Garland
Goal: produce map of values by district/ neighborhoodProblem: no

districtcode available in Parcel Table
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Solutlpt_t: join I?arcel Table, containing values, with Geograpahy. Table,
containing location codings, using Block as key field

GIS Data Models:

Raster v. Vector : “raster is faster but vector is corrector” Joseph

s  Raster data model

— location s referenced by a grid cell in a rectangular array
(matrix) _
— attribute is represented as a single value for that cell
- much data comes in this form
= images from remote sensing (LANDSAT, SPOT)
* scanned maps
« elevation data from USGS
~ best for continuous features:
« elevation
» temperature
* soil type
* land use

=  Vector data model

- [ocation referenced by x,y coordinates, which can be linked to
form lines and polygons
~ attributes referenced through unique ID number to tables
— much data comes in this form
« DIME and TIGER files from US Census
» DLG from USGS for streams, roads, etc
» census data (tabular)
- best for features with discrete boundaries
« property lines
« political boundaries
» transportation
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Fig 7: Vector and Raster Representation

The real world is too complex for immediate and direct understanding. We
create “models” of reality that are intended to have some similarity with
selected aspects of the real world. Databases are created from these models
as a fundamental step in coming to know the nature and status of that reality.

So the another definition is : A Spatial Database in a collection of spatially
refered data that acts as a model of reality.

A database is a model of reality in the sense that the database represents a
selected set or approximation of phenomenon. These selected phenomenons
are deemed important enough to represent in digital form. The digital
representation meight be for some past, present or future time period.

For Example: Let us consider a wetlands

Wetlands data have different points of view:

Ecological organization might define wetlands as a natural resource to be
preserved and restricted from development. So it requires details for
describing the area’s biology and physical resources.

A taxing authority might define a wetland to be a "wasteland” and of very
little value to society. So it requires the description about the boundry of the

“wasteland" in the database.
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Fundamentals Of Database Elements:
Elements of reality modeled in a GIS database have two identities

1. the element in reality - entity

2. the element as itis represented in the database — object

3. a third identity that Is important in cartographic applications is the
symbol that is used to depict the object/entity as a feature on a map or
“other graphic display

Entity - An entity is "a phenomenon of interest.in reality that is not further
subdivided into phenomena of the same kind".

E.g. a city could be considered an entity and subdivided into component parts

but these parts would not be called cities, they would be districts,
neighborhoods or the like.

Object: An object is "a digital representation of all or part of an entity”. The
method of digital representation of a phenomenon varies according to scale,
purpose and other factors. -

E.g. a city could be represented geographically as a point if the area under
consideration were continental in scale

Desirable database characteristics :
Database should be:

1. Contemporaneous - should contain information of the same vintage for all
its measured variables

2. As detailed as necessary for the intended applications

3. The categories of information and subcategories within them should contain
all of the data needed to analyze or model the behavior of the resource using-
conventional methods and models

4. Positionally accurate

5. Exactly compatible with other information that may be overiain with it

6. Internally accurate, portraying the nature of phenomena without eror -
requires clear definitions of phenomena that are included

7. Readily updated on a regular schedule accessible to whoever needs it.
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7. Research Methodology

Rqsearch Methodology is a way to systematically solve the research problem.
This is an Explorgto research study, also we can say it as Synthetic
Research. The major emphasis in such studies is on the discovery of idéas
~and insights. = :

Here in this research, there is a survey of different aspects of spatial
databases, temporal databases, and a composite study of Spatio-Temporal
Databases. This research contains the review of available ‘material and
deriving the relevant hypotheses from it. ‘ -

As It is explorative or synthetic research. So here in this study , first
limitations of conventional databases are discussed and then the concept of
spatio-temporal database Is introduced. Many articles related to the field from
jounals, websites and books are read and understood. All information is
compiled. Then it is decided to work on the theme to know “how spatio-
temporal databases different from conventional databases “. In general *how
spatio-temporal databas&s Use in various growing seclors” was approach for _
this~study to undertake.” The theoretical approach for Spatio-témporal
dafabase management system has been discussed so that further
researchers would find a guideline to solve the shortcomings of the current
spatio-temporal database management system.
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8. Spatio-Temporal Database Management System

Integrating space and time in databases is considered a very important
research issue. The challenge in this field is to efficiently support queries that
contain spatial and temporal predicates. Access methods that have been
proposed so far, fail to provide satisfactory query processing in all cases.
Another Importar_rt issue is spatio-temporal query optimization techniques. The
problem of spatio-temporal data management becomes even harder, if we
take into account valid and transaction time. Although, interesting bi-temporal

access methods have been proposed, the issue of spatial attributes has not
been considered.

Spatio-temporal-database is a database that embodies spatial, temporal, and
spatiotemporal database concepts, and captures spatial and temporal aspects
of data. Spatio-Temporal Database is a special temporal database and it has
all the features of temporal databases. If we look at any timestamp only, it is
almost the same as the conventional spatial database.

The importance of incorporating time in modeling data is widely recognized by
many researchers, but most of the intentions mentioned are focused around
the non-spatial domain. Particularly, temporality has been studied in banking,
administrative and other commercial databases. Although the above concept
of time handling is the same, the great difference between spatio-temporal
and a spatial database is what they refer to. Since spatial data are spatially
referenced, the spatial topology has to be maintained in the updating process.
This maintenance of topology becomes more critical when different version of
an object have to be accessible, for each given of time slices, and where
correctness of topology is required.
Validity is one of the main concepts in spatial databases. Logically, no
decision can be made when there is no valid data. If only the most recent data
are kept, and out-dated ones are deleted, one can have the static database
which is a snapshot of the real world (just like taking a photograph of a
dynamic object). On the other hand, many spatial analysis applications do
need to travel through the history of data and retain an impression about its
old status. In this case, it can be seen that deleting data, even if it is non-valid,
may be disastrous. In addition, many applications require estimation about the
future. In this respect, one concludes that considering time as an independent
dimension, which allows traveling alone the time line, is necessary. Keeping
an active time domain in a spatial database, gives rise to the term spatio-
temporal databases.

The ideal spatio-temporal database mentioned, besides having the normal
functions essential to every spatial database, also has the ability for k_eeping
track of changed data. In such databases, the mechanism of renewing the
most recent spatial and temporal topologies is i_mplementgd. In addftlon tq the
process of updating geographical objects, keeping the valid topological (glther
temporal or spatial) relationships are alsq _ operational.
Spatio-temporal objects are limited to a given temporal v_alldnty. When new
information is assigned, the database has to be changed, in order to add the
new data. In such a case the database may have to rebuild completely for
storing the new state, which causes a great amount of (edyndancy.
Altematively the database might be time stamped in order to indicate the
temporal validity of its objects. The ability of versioning a database is essential
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for all _spatio-temporal applications, where knowledge of the real world is
uncertain or changing through time.

The Architecture of a Flexible Query processor for Spatio-Temporal
Databases

For designing a flexible query processor for spatio-temporal databases, a
solution is to design a bottom-up interface, whose parameters handle different
spatiotemporal applications. A~ relational schema is proposed that can cope
with various spatio-temporal data types. Based on this model,there is a design
of flexible query processor for spatio-temporal databases.

Emerging database management systems that can handle spatial data types
have changed both GISystems and GiScience. System wise, this technology
enables a transition from the current GIS technology to a new generation of
spatial information appliances, tailored to specific user needs [1999]. For the
GIScience community, it enables many theoretical proposals to face the
crucial test of practice. One of the important challenges for the GlScience
community is finding ways to use spatially enabled DBMS to build innovative
applications which deal with spatio-temporal data [1999 and 2000). Modeling
spatio-temporal applications is a complex task that involves representing
objects with spatial extensions and attribute values that change over time
[2003). To deal with spatio-temporal data, one alternative is building a
specialized DBMS created for efficient support of spatio-temporal data types.
When is not possible to use a specialized DBMS, one has to build a layered
architecture on top of an existing object-relational DBMS.

In this case, one basic question arises: how to design a flexible query
processor for spatio-temporal data using object-relational DBMS?

A flexible query processor needs to be able to cope with different applications
of spatio-temporal data and their needs for queries and responses. To soive
this problem, a popular approach in the literature is to provide specialized
algebras for different applications. For example, Guting, Bohlen et al. [2003]
present a model for moving objects that includes moving points and moving
regions. Homsby and Egenhofer [2000] and Medak [2001] propose models for
the life and evolution of socio-economic objects. These specialised models
can lead to databases where each type of application is handled by a different
query processor. Obviously, this is not desirable for developers of applications
using spatio-temporal databases. Ideally, the architecture of the query
processor would have a unified and flexible way of dealing with the different
applications of spatio-temporal data.

Spatio-temporal data handling: top-down x bottom-up approaches

In this section, we discuss four different levels in a database design that
address different aspects for handling of spatio-temporal data:

(a) A set of data types and an associated algebra;

(b) A conventional data model for spatio-temporal data;

(c) A spatiotemporal query language;

(d) An application programming interface with suitable parameters.

34



We consider the first three as “top-down” approaches and the fourth as a

“bottom-up” choice. The first alternative is to define a set of spatio-temporal
data types and operators.

The DBMS is extended to support these data types and operators and will
provide an associated query language. This is the approach taken by Giting
[2005] that defines algebra for moving objects. His spatio-temporal data types
for moving objects are embedded in a query language to answer queries as:
“Given the trajectories of two airplanes, when they will pass over the same
location?” .Similarly, Medak [2001] proposes an algebra for modeling change
in socio-economical units. Medak’s algebra provides answers to queries such
as: “When was this parcel divided?” The main challenge of this approach is
finding a suitably small set of data types and operators for handling all types
of spatio-temporal data. Currently, we only find spatio-temporal algebras for
specialized applications (e.g., moving objects).

The second choice is to design a conventional model for spatio-temporal data.
In this case, the designer starts from an external view of the problem and
provides a set of classes (or an equivalent E-R model). These classes
encapsulate abstractions such as geometry, attributes and their changes.
Examples include STER [Tryfona and Jensen 1999] and MADS [Parent,
Spaccapietra et al. 1999] (see also Pelekis et al [2004] for a review of similar
models). The main drawback of these approaches is the large variety of
different application semantics for combining space and time. These models
work fine for some applications, but will not fit other cases well.

The third approach is the design of a general spatio-temporal query language,
which needs a well-defined set of predicates for spatial, temporal, and spatio-
temporal queries. For spatial data, topological and directional operators are
already well established in the literature [ Egenhofer and Franzosa 1991]
[Papadias and Egenhofer 1997] [Clementini and Di Felice 1996]. Dealing with
temporal data is also a well researched issue. The interval algebra for
temporal operators is established [Allen 1983], as is the bitemporal model of
Worboys [1994]. However, there are problems when trying to devise a unique
canonical set of spatio-temporal predicates. As shown by Erwig and
Schneider [2002], it is not practical to devise one such set because there are
too many predicates that can be considered different. They propose two
options. Either each application will develop a specialized subset of
predicates, or the spatio-temporal database will provide combinators that
allow the user to build up her or his own predicates.

Bottom-up alternative is to design a query processor as a parametrizable
function. Taking in consideration the suggestion by Erwig and Schneider
[2002] to design a combinator, this query processor is flexible and can be
used by different applications.The set of parameters of the query processor
works as a combination of spatio-temporal predicates.

The architecture of a spatio-temporal query processor

General view of a spatio-temporal database

In this section, a generic model for a geographical database, which is the
basis for designing the query processor. Assume that a geographical

database stores /ayers. A layer aggregates spatial information that covers a
geographical region and has a common set of attributes and shares the same
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spatial reference system. Layers supports both the object-based and field-
based models of _spatial information [1992].
The layer model is used by most spatial extensions of object-relational DBMS

such as ORACLE SPATIAL and PostGIS. In this work we concentrate on the
object-based layers.

D_ [NAME [FOP 2004

261150605001 | Recte 9336
261150605010 Cabanga 102542
261160605011 |SanJose | 1524
261150605012 Derby 157621
2611506065013 Grocas 278951
261160E(B014 Jaquera 102200

Fig: 8 A Layer of Districts of Recife,PE

Figure 8 shows a layer of districts of the Brazilian city of Recife. Each district
has a set of descriptive attributes, such as its name, or the population of the
district in the census of 2004. The spatial extension of each district is a
polygon that represents its boundaries.

Our model considers that a layer contains a set of spatio-temporal objects
(STObjects). An ST-Object is an entity that preserves its identity over time
[Homsby and Egenhofer 2000]). Static layers aggregate ST-Objects with
geometry and attribute values that do not change. Temporal layers aggregate
ST-Objects that change their attribute values or their geometry. The different
versions of the same ST-Object as spatio-temporal instances (ST-Instances)
are refered here. Each ST-Instance has an associated interval that is the
validity time of that instance and knows its current spatial extension and its
current set of attribute values.

A generic database model for spatio-temporal data

Static Layers
Our database model considers in a set of relations that include attribute

relations, geometry relations and metadata relations. In a generic way, we
represent the geometry and attribute relations as:

geometries (geomid:int, objld:string, spatialData: spatial)
attributes (objld:string, [att1:attType,...,attn:attType]).

Consider that each entity has a unique and persistent identification (objld).
Each geometry also has a unique identifier (geomld). We use attType for
conventional types such as int, double or string. We use the spatial keyword
for types that can store a spatial extent. We consider these relations as data
relations since they effectively store the spatial data. We also need to store
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metadaga informatipn on the database. These relations describe the geometry
and attributes relations associated to each layer. Our metadata relations are:

layers (la erld: int, layerName: string)
representations (layerld: int, geomRelation: string)

attributesRel (layerld: int, attrRelation: string)

The layers relation provides a unique identifier (layerld) for each layer. It

can also contains other attributes that are relevant to the layer, such as a
name or a link to its spatial reference system. The representations relation
associate, to each layer, its geometries relations. The model allows multiple
spatial representations for the objects of the layer. The attributesRel relation
points to the descriptive attributes relations associated to a layer.

This data model is suitable to store static layers. It allows more than one
attribute relation for each object type, as needed by real data. Mapping the
example shown in Figure to this database model, and including some data for
clarity, we have the following data relations:

DistrictsG

geomId: int | objectld: string | spatialData: spatial
1 261160605001 bbbbbbbbbbbbbbbbbb

2 261160605010 bbbbbbbbbbbbbbbbbb

3 261160605011 bbbbbbbbbbbbbbbbbb

U1STL1cTtsSA

ID : string | name:string | POP_2004:int
261160605001 Recife 98361
261160605010 Cabanga 102548
261160605011 Sao Jose 1524

The metadata relations would contains the following items:

lavers

layerId:

int | layerName: string

!

Recife

representations

layerId: int

geomRelation: string

1

DistrictsG
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attributesRel

layerId: int | attrRelation: string

1 DistrictsA

Temporal layers

In this section, we consider how to extend the static model to deal with
temporal data. Suppose that we want to keep track of changes in each
district, to follow the evolution of its population and its boundaries. We want
to be able to register all of these changes in the same database and to extract
information about the spatial and temporal changes on the data. Since we
consider that an ST-object preserves its identity over time, every change in
its attributes or its geometries produces a n new instance of this objectSince
changes in attributes and geometries might be asynchronous, our generic
database model needs two adjustments. First, we have to introduce a unique
_identifier in_every attribute relation. This identifier allows the distinction of
different instances of attnbutes to the same object. The second adjustment is
including one more relation, a sfatus relation. This relation describes which
instances of geometries and atlrlbutes are valid in a giverrinterval:

status{geomld: int, uniqueld: string, initialTime: time, finalTime: time)

The status relation maps every instance of geometry (identified by the field
geomld) to an instance of attributes values (identified by the field uniqueld).
Each mapping has an associated valid interval (identified by the field
initialTime and finalTime). As is possible that a layer has more than one
attribute and geometry relations, there should be one status relation to each
combination of a geometry relation with an attribute relation. Returning to our
example of the districts of Recife, and showing some data, we would have the
following data relations:

DistrictsG

geomId: int | objectId: string | spatialData: spatial
1 261160605001 bbbbbbbbbbbbbbbbbb

2 261160605010 bbbbbbbbbbbbbbbbbb

3 261160605011 bbbbbbbbbbbbbbbbbb

4 261160605001 bbbbbbbb

5 261160605010 bbb

38



Disrrlcroh

ID_: string | name:string | POP_2004:4int | unique_id: string
261160605001 Recife 98361 1
261160605010 Cabanga 102548 2
261160605011 Sao Jose 1524 3
261160605011 Sao Jose 2789 4
261160605010 Cabanga 106548 5
Discrlcrodratug
artributelnsc:string | geomInst:string | timel:time | timeF: time
1 1 01/01/2003 31/12/2003
2 2 01/01/2003 31/12/2003
3 3 01/01/2003 31/12/2003
1 4 31/12/2003
4 3 31/12/2003
S S 31/12/2003

The status relation tracks both synchronous and asynchronous changes in the
geometries or attribute values of the ST-Objects. It also allows the retrieval of
individual ST-Instances of an ST-Object.

Examples of Spatio-Temporal Data

This section describes four sets of the spatio-temporal data that are
representative of real world problems and demands. They are semantically
different, and explain the requirements for the query processor and the
expressive power of our generic database model. These three data sets are:

Crime events:

The object is the crime occurrence. Its geometry is a point representing the
location of the event. Each new event has a unique identifier, therefore, is a
new object. The main characteristic of this data set is that for each object
there is only one spatio-temporal instance.

Land parcels:

This data is an experimental data that reflects the changes happening in land
parcels of a neighborhood or city. Parcels are divided, sold or reacquired over
time. This means that they can suffer changes in its geometry (for example,
when the parcel is divided) or in their attributes (for example, when the parcel
is sold). The object is the parcel, and each change in their attribute values or

geometries generates a new instance of the parcel.

Satellite tracking animals: _

This data results from a research project of surveying free ranging animals by
radio transmitters. The transmitters are installed in collars attached to the
animals and the signal is picked up by satellites. The object is the anirpal and
each new signal detected is a new instance of the geometry of tl)e obj_ect (or
the animal location). This data represents the typical case of moving objects.
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The Query Processor

A sp_atiq-temporal database can be queried in different ways, according to the
appllcatloni. qu exa.mple.‘ “for each month, which changes occurred in the
parcels?’, “Which crimes happened on Friday in the south zone of Recife?’

To answer ghis demand, we have developed a flexible query processor,
named Quener. able to deal with different applications of spatio-temporal data
and their needs for queries and responses. The Querier is responsible for the

link between applications and spatio-temporal databases, as shown in Figure
9.

Parmt'ers spatio-temporal
g instances

Figure 9. The Querier architecture.

The Querier receives a set of parameters that define its behavior. These
parameters control how applications retneve ST-Instances and ST-Objects.
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Their combination provides a flexible way of querying a spatio-temporal
database:

Layer: The source of the ST-Instances recovered by the Querier.

Chronon: Defines how the ST-Instances are split in fime frames. The possible
values of chronon are: second, minute, hour, day, month, year, day of week,
day of month, day of year, month of year, week of year, hour of day, minute of
hour or second of minute. For example, if you want to watch the crime events
separated by weekday, the Querier retums seven time frames, one for each
weekday. In this case, all the crimes that happened on Sunday are in the first

time frame, the ones that happened on Monday are in the second time frame,
and so on.

Which time frames will be retrieved:

Controls whether the Querier returns either every time frame existent in the
interval or only the time frames where some change occurred. Suppose a
user is querying a set of parcels in 2004 and Chronon month. Changes on the
parcels occurred only in January and in September of 2004. If the user
requests the Querier to retum every time frame, she will get twelve time
frames. Otherwise, if she requests the Querier to retum time frames where a
change occurred, she will only get two time frames.

Temporal predicate:

The possible values for this parameter are the temporal interval predicates
defined by Allen [1983]: equals, before, after, meets, during, overlaps, ends or
starts.

Aggregate functions:

Allows grouping a set of ST-Insfances to produce a single value. The
functions supported by the Querier are: maximum, minimum, average, sum,
counting, or variance. This parameter should be used, for example, when one
needs to know the average of eggs counted by trap is in each month.

Spatial predicate: . .
Based on Egenhofer [1994), the possible spatial predicates are: disjoint,
touches, crosses, within, overlaps, contains, intersects, equals, covers, and

covered by.

Querier Examples

In this section we show some examples of how to use the Querier to retrieve
spatio-temporal data. We present the different ways of u_sing the Querier
combining the set of parameters to answer some usual questions.

Example 1) Returns the crime events from database, its location and its
properties.
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Step 1. Retrieve the layer information
CrimeLayer = database->getLayer (“Crimes”);
Step 2. Set the parameters
Querier->setParams(loadCeometries, loadAllAttributes);
Querier->setParans(CrimeLayer);
Step 3. Load the instances
Querier->loadInstances();
Step 4. Consume the returned instance (ST-instances).
while (Querier->fetchInstance(sti))

{
Geometry = sti.getGeometry();
Properties = sti.getProperties();
Time = sti.getTime();

} .

In this example, the Querier retums the crimes from the layer “Crimes”, its
location (point geometry) and its attributes or properties. The first step loads
the layer information from the database. The Querier behavior is defined by
the parameters set in the step 2. Step 3 loads the instances and, in the final
step, the Querier traverses every crime event and, for each one, gets its
location (geometry), properties and time. Example 2} Which crimes happened
in 2003 in the district named "Cabanga” of Recife city?

Step 1. Retrieve the layer information
CrimelLayer = dactabase->getLayer (“Crimes™);

Step 2. Get the geomelry from the layer that will be used in the spatial predicate
DistrictLayer = database->getlayer (“Dietricts”);
DistrictGeometry= DistrictLayer->getGeometry {“Cabanga™)}

Step 3. Set the parameters
Querier->setParams{loadGeometries, loadAllAtcributes):
Querier->secParams(CrimeLayer, year, ChangedTimeFrames);
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Querier->setSpatialRestriction(DiscriccGeometry, wichin);
Step 4. Load the jnstances of a specific time frame
TimeFrame = Querier->getTimeFrame(*2003?, Year):
Querier->loadinstances(TimeFrame);
Step 5. Consume the returned instance (ST-instances).
while (Querier->ferchlnstance(stl))

{
Geometry = stl.getGeometry();
Properties = sti.getProperties();
Time = sti.getTime();

}
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9. Integrating Space and Time in GIS

A spatio-terpporal GIS extends a customary two or three dimensional spatial
GIS on the time axis. A space-time path is defined by the changes of loeations
over time (figure 1). In a spatio-temporal framework space and time are
equivalent features of an event or a process. Furthermore each entity which
physically exists in the real world is defined in a spatio-temporal context which
can be conceptualized using spatial, temporal and attribute information.

Every spatial object used in a GIS has a temporal validity as well as one or
many attribute values. The entity of a spatio-temporal process may change its
spatial representation over time as well as its spatial relationship to other
entities. In addition, the related attribute information may be subject to
changes throughout time.

Future

Y Present

Past

>
X

Fig 10: Space and Time path

"the concept of time implies that changes occur throughout the present, the
past and the future of the life span of a real-world phenomenon. A temporal
GIS will aim to undrestand these changes and their affects over time rather
than simply reproducing them by displaying a sequence of snapshots”

Spatio-Temporal database features

There is a critical set of capabilities that are needed by moving objects
database applications and Spatio-temporal database. Existing DBMS's are
not well equipped to handle continuously changing data and they shoud be
developed to be able to handle these data. Following are the features for
database, that are use to manage spatio-temporal data:
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Elementary featqres (basic data types, SQL language features,
declarat.ive integrity constraints, programming abstractions, automatic
generation of identifiers, national characters support).

Transa;:tions and multi-user access (transactions, locks, multi-user
access).

Programming In database (stored procedures and triggers).
Elements of database administration (access control, backup copies,

~ data migration).

Portability and scalability

Performance and VLDB (Very Large Database) issues (query
optimization, structures supporting query optimization, support for
analytical processing, allocation of disk space, data size limits, known
VLDB implementations)

DB2 Distributed databases (access to multiple databases,

heterogeneous systems support)

Special data types (large objects in database, post-relational

extensions, support for special data types)

Application development and interfaces (embedded SQL, standard

interfaces, additional interfaces, interoperability with Web technology, XML,
CASE)

Reliability (failure recovery)
Commercial issues (technical support available, market position)
Spatial vision
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10. Applications Of Spatio-Temporal Database Management

Systems
Examples of application domains dealing with Spatio-temporal data are:

Financial Applications (e. g. history of stock market data)
Insurance Applications (e. g. when were the policies in effect)
Reservation Systems (e. g. when is which room in a hotel booked)
Medical Information Management Systems (e. g. patient records)
Decision Support Systems (e. g. planning future contigencies)
Weather Forecasting System

Various Geographical Information Systems.

1. Disaster Management

Effective disaster management requires getting the right information {often
geographically related) to_the right place at—the Tight time. Minimising
response times to incidents is therefore crifical. Ordnance Survey’s Mapping
for Emergencles unit addresses this requirement through out-of-hours incident
support. Additionally, a Pan-government agreement now gives a wide range
of central govemment organisations direct access {o a suite of Ordnance
Survey's products, allowing better preparedness in the planning phases of
disaster management.

Recent and anticipated (often disruptive) developments in spatial databases,
GPS, wireless, mobile and computing technologies have changed,
and will continue to change, the way in which geographic information (Gl) can
be collected, maintained, analysed, integrated and delivered to the end user
in disaster managemenf and other domains. Gl is increasingly part of the
~information mainstream. These developments have changed the role of
Ordnance Survey from being the nation’s map maker to being the geographic
information provider to the nation, with a substantial role in developing a
geographic framework in which both geographic and related information can
be efficiently integrated, exchanged and understood. These developments
prompt a number of research challenges within the domain of disaster

management. Three are considered and illustrated:

* The application of user-centred design techniques to user requirements and
behaviours in order to identify where Gl adds value in contributing to task
efficiency

« Considerations of database modelling in 3 and 4 dimensions

» Exploring Gl portrayal with new technology

In meeting the Gl needs of the disaster management domain. It considers:
* The nature and scope of disaster management o
» Ordnance Survey's historic support in meeting mapping and data

requirements for emergency response and crisis management
» Recent developments in providing government with direct access to GI
» The development of the Digital National Framework™ (DNF®) as a

consistent framework within which to use and link Gl and related information
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According to the Cabinet Office Civil Contingencies Secretariat (CCS)

(www.ukresillence.info/handling.htm) the management of disasters, whether
man-made or natural, involves;

* Risk assessment
* Risk prevention or mitigation

* Preparation including contingency planning, training, and exercising
* Emergency response and recovery

Role of a National Gl Provider in Meeting Requirements
for Disaster Management

Since everything happens somewhere, what, then, is the role of a national GI

provider in meeting the above requirements for information within the domain
of disaster management?

Access to National GI

One role is to provide befter access to national Gl by ensuring government
departments and agencies have better access to Ordnance Survey products
and services directly. In support of this, a Pan-govemment agreement
launched in 2003 gives over 500 British govemment departments and
agencies access to a wide range of digital map data. This Is a significant step
towards ensuring that common standards are consistently used for decision
making.

If the requirements of disaster management actors and decision makers are:
to have the right information communicated in the right way at the right time,
what, then, are the research challenges of a national Gl provider in trying to
meetthese requirements?

Over the last 10-15 years technological advances offered by GPS, spatial
databases, the Intemnet, wireless and mobile devices have revolutionized the
way location-based data is collected, stored, maintained, analysed and
delivered to the user. The map is now just one expression of the spatial
database. These advances have brought Gl to the information mainstream
and are enabling its increasingly pervasive use as a fundamental ingredient to
effective decision making and task maagement. They have enabled a change
in Ordnance Survey's role from that of the nation’s map maker to that of
fundamental provider of the nation’s geographic reference framework, whilst
maintaining its role in providing national map coverage.

These developments are enabling a move from a product centric to a
database centric business, from which products and services can be derived.

Technology will enable virtually everything (objects and people) to be
identified, tagged, sensed and monitored. Miniaturisation will allow processing
on the device and geographic intelligence to be held on the network.

Whilst increased bandwidth and processing power will allow complex
distributed analyses across trusted super computing environments.

In a spatial database Gl is no longer confined to a 2-D planimetric
representation of the world. Increasingly, applications — such as building
information modeling (BIM), which Joins up data in the architectural,
engineering and construction domain, and contingency planning applications,
for example — will require true 3-D data models, or the means to derive them.
For many applications, including LBS, tasks and decisions are bounded by
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events ;md increasingly, the temporal (4th dimensional) aspects of GI will be
require

Disasters are dynamic events (or a series of dynamic events) that occur at
particular locations over time. The management of disasters also requires
actions at particular iocations aver time and therefore the incorporation of time
as the fourth dimension in Gl is important for effective disaster management.

A spatio-temporal data model should facilitate:

* An understanding of the rules that govern real-worid change

* Explanation of the state of the world at the current time (now) and previous
times

* Predictions of the state of the world in the future.

Cartography

Nowédays. many applications need data modeling facilities for the description
of complex objects with spatial and/or temporal facilities. Responses to such
requirements may be found in Geographic Information Systems (GIS)

Cartography is one of the major application areas using geographical
databases. Whether it is for the business of producing paper maps for sale, or
whether it is for displaying maps on a screen to visualize the resuilt of a query,
we need computer systems that know how to represent the same
geographical area at different scales. The concept of muitiscale database has
become popular in the GIS domain as a way to enforce consistency between
representations and reduce the global update load. Scaling, however, is just
one of the facets that may lead to keeping several representations for the
same real-world object. Viewpoint and classification are two major
abstractions in the design process that also generate multiple representations.
This dissretation investigates the generic issues and solutions to achieve
flexible support of multiple representation in a GIS database

A Database for Bio-molecular Images

Information technology research has played a significant role in the genomics
revolution over the past decade, from aiding with large-scale sequence
assembly to automating gene identification to efficiently searching databases
by sequence similarity. The tremendous amount of information gathered from
genomics will be dwarfed in the next decade by the knowledge to be gained
from comprehensive, systematic studigs of the Emgerlles and behaviors of all_.
\l‘“"pwms_and other biomolecules. High resolution imaging of molecules and
cells will be critical for 'understanding complex systems such as the nervous
system, whether it be for the localization of specific neuron types within a
region of the central nervous system, the branching pattern of dendritic trees,
or the localization of molecules at the subcellular level. Furthermore, knowing
how these distribution pattemns and subcellular locations change as a function
of time is critical to understanding how cells respond to stress, injury, aging..
am"dlsease We are developing sophisticated information technologies for
“collecting and interpreting the enormous volume of biological image data. A
major outcome of the research will be a unique, fully operational, distributed
digital library of biomolecular image data accessible to researchers around the
world. Such searchable databases will make it possible to optimally
understand and interpret the data, leading to a more complete and integrated
understanding of cellular structure, function and regulation.
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Biom_ole_cular images have a high processing and storage cost. A 2D protein
localization image from confocal microscopy can require 4MB (1M pixels
recorded in two channels) of storage. A 3D localization image can be 200MB
(50 z-slices). A time series of 50 such 3D localizations that record dynamic
information can be 10 GB. This is the result of acquisition from a single
sample, and typical experiments involve dozens of samples for different
proteins or under different conditions. AFM images require even larger
amounts of storage capacity. But it is not just the needed storage that makes
the problem of designing bioimage databases daunting. The images have to
be analyzed, and visual descriptions extracted using image processing tools
(manually or automatically), and these extracted metadata have to be
associated with other sources of biological data such as genomics and
proteomics . This analysis can lead to a multifold increase in the amount of
storage and complexity. Clearly, the amount of information to be maintained
and accessed In such a bioimage database is enormous,

Queries in a bioimage database can be divided into four classes based on the
degree of semantics and interpretation.

1. Metadata queries 2. Spatial Queries
3.Semantic Queries 4. Spatio-temporal queries

1. Metadata queries

Typical metadata fields from the experiments will be date, scientist, lab,
experimental setup, microscope, light sources, filters, camera, experiment,
species, antibodies for each channel, and experimental conditions (e.g.,
normal retina, retina detached for N days, retina reattached for N days, retina
under increased oxygen concentration). Some specific queries in this class
are as follows.

» Find all images from the same experiment as a given image ID.

« Find all experiments that contain normal cat images that have been labeled
with calretinin (a calciumbinding protein) both under normal conditions and
after 3 days of retinal detachment.

2. Spatial queries

Simple spatial features based on texture and shape can be extracted from the
images. This can be done at multiple spatial resolutions to provide more
flexibility for querying and browsing. The most important task will be to define
the right metrics for comparing images based on the extracted features,
especially since the images will be produced under different experimental
conditions and will be of different subjects. The distance metrics will also need
to be supplemented with a statistical model that defines the distribution of the
distances. Finally, the extracted features will be highdimensional and one is
faced with the usual challenges of content-based search in such spaces.
Some typical queries in this class are as follows:

* Find all images in which vimentin {a filament protein) has a spatial
distribution similar to that in a given image.

« Find all pairs of images from the same experiment in which the distribution of
vimentin changes as a result of detachment. '
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3, Semantic gueries

Queries in this class are based on semantics extracted from the images.
Typical examples of such semantics are the types of cells, their shapes, and
their relative location. Semantics can be extracted manually or automatically.
This process will be eased through an atlas that define the expected
distribution of cells under different experimental conditions.Some examples of
queries in this class are as follows:

* Find all normal retinal cell images that contain horizontal cells.

4. Spatiotemporal queries

Spatio-temporal queries consider the time-based evolution of cells and
disease processes. Supporting such queries in a meaningful manner requires
the extraction of appropriate temporal information from a set of images.

The system should provide tools for the modeling of cell behaviors, changes
in protein localizations, and disease processes. Queries will typically examine
correlations between sets of images or across images and cell/disease
models.

The temporal aspect can be observed either by conducting an experiment at
different time intervals (e.g., studying retinal images detached for different
lengths of time), or by direclly observing a change (e.g., movementof a
microtubule). In the latter case, temporal features will be useful for an
individual microtubule and also for groups of microtubules in order to
understand their collective behavior. Some examples of spatio-temporal
queries are as follows:

* Find all image datasets in which the change of vimentin within Muller cells is
similar to that observed in the change of GFAP.

* Find pattems of apoptotic cell death within cell populations for a given set of
images, and then search for similar pattems

Tools Used in spatio-temporal databases

A number of tools have been built to query the spatio-temporal database and
display textual or graphical results. The tools communicate indirectly with the
database server using a simple client application which passes queries to the
server and retums results in a readily interpreted form. Most have been
constructed using Tcl/Tk (Ousterhout, 1994). Tcl is a simple scripting
language and Tk is a toolkit extension for building graphical user interfaces.
The versions used here run under UNIX with Tk as an X Window System
toolkit, -but recent releases of Tcl/Tk are also available for Mac and PC

platforms.

Fig 11 : (45kB)
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Figure 11 .shows the main spatio-temporal query and map display tool. This
functions in a similar way to many GIS display modules in that it allows
different collections of geometric information to be retrieved and overlaid to
form composite maps. If required, a composite result can be saved as a new
MapLayer object in the database. Objects to be displayed are selected by
composing and executing SQL queries which can be entered 'by hand' in a
pop-up window. However, the interface also incorporates a number of aids to
query composition so that part or all of the query can be generated using
menu options or other interface elements. In due course, these capabilities
may be extended to provide a more complete visual query composition too!.

The temporal range of each query is set using the two slider controls to the
right of the map window. These set the starting date and duration of the
period of interest. The particular object class to which the temporal restriction
is applied is chosen from a list of classes in the 'Database’ menu. Figure 2
shows the display after several distinct queries have been executed. Initially,
vector point and line date were retrieved for three Maplayer objects
comesponding to the 1884 and 1953 cadastral maps, and some recent
fieldwork observations. These queries were of the same form as the example
discussed earlier.,

The temporal constraints were then set to cover the period 1884-1893 and a
further query executed to retrieve vector polygons corresponding to land
parcels owned by one Jean Come Pietri at this time. Here, the temporal
constraint was applied to Propown, a class that includes a valid time element
and links Owner with Property. Owner contains a subset of all persons in the
database, and Properfy contains groupings of land parcels that represent
single 'units of ownership’. This class has data members holding details such
as location, area and class of land, and is linked to the Parce/ class, itself a
derivative of SpatialApplicationObject. This final query was as follows:

select g from (
select unique pa.geometry
from Parcel pa, Property pr, Propown po, Owner o
where o.owner = po.owner
and po.prop = pr.prop
and pr.prop = pa.prop
and Overlap(po.valid, '1884~1893".:period)
and o.snom = 'Pietri’
and o.names = 'Jean Come'
)} t, Polygon2D g
where t = g.oid
and Overlap(g, (510700,4622800,512200,4624300)":Box);

The temporal overlap restriction supplied by the slider controls is applied to
the valid time element of the Propown class. Unlike the earier MapLayer
example, the overlap is tested against a period type. The query result is
limited to instances of Polygon2D and any derived classes. A spatial
restriction is also supplied by the application to clip the result to include only
those polygons within the displayed area.
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Fig 12:

Where necessary, further temporal constraints may be added by manually
editing the query. In figure 12 the main period of interest has been changed to
1910-1919, and separate queries, similar to that above, have been used to
retrieve the land owned by three of Jean Come's siblings. These queries were
edited to add further constraints to select only the land that had been owned
by Jean Come in 1884. Line and fili colours may be selected from a menu, or
set to corespond to a column retumed by the query. Here, the fill colour was
changed using the menu before each new query was executed.

Separate queries were used here to show the land owned by each individual
sibling. However, we anticipate that future versions of the application will
include ways of using genealogical and inheritance information stored in the
database to provide more direct access to groups of individuals and their
properties.

As well as drawing maps in response to queries, the application provides the
user with constant feedback including the curment cursor position in world
coordinates and the type and OID of any GeometricObject under the cursor.
As the cursor is moved these objects are highlighted. Doubleclicking on an
object is used to retrieve details of any associated SpatialApplicationObject. In
most cases, this information is in alphanumeric form and is displayed in the
query window, but this mechanism can also be exploited to retrieve graphical
or other representations. Figure 13 shows a general view of the application
with several of its component windows, including four photographic images
that have been retrieved in this way. Spatially and temporally located
photographic information represents a particutarly important source for
anthropological research.

Four symbols (disks with direction of view arows) can be seen on the map,
two at the south-west end of the village and two near the north east comer of
the window. These represent OrientedPoini2D objects, a sub-class of

52



GeometricObject. A Photograph class derived from SpatialApplicationObject
holds details of all photographic images stored in the database. Instances of
this class are linked to OnentedPoint2D objects to provide their geometric
representation. Each image is displayed in response to a query generated
when the user double-clicks on its associated symbol. The Photograph class
includes a timestamp, making it possible to selectively display symbols
corresponding to photographs taken at particular dates.

Fig 13:
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11. Database Softwares

With consider to above mentioned and based on the capabilities that are
needed by moving objects database applications, we choose some existance
DBMS's and assessed them to find best DBMS to extend for design and
development a moving object database.

DBMS such as Oracle that here , mean Oracle 9i and DB2 universal database
that is short form of database 2 universal database and is an IBM production.
SQL server version 2000 from Microsoft. And at last MySQL and PostgreSQL
as Open source databases.

The comparison of different database software

In this section we seek to compare products of a similar nature. Unfortunately
this is not a simple task. It is not true that SQL Server 2000 is better than
MySQL version 4.1 or Oracle 9i Database is better than DB2 Universal
Database v8.1 or vice versa. All products can be used to build stable and
efficient systems and the stability and effectiveness of the applications and
databases depends upon the experience of the database developers and
database administrator rather than the database’s provider. However, éach
database has some advantages in comparison with others and vise versa.
Here are some of the differences and similarities between different databases:

Performance comparison

It is very difficult to make a perfformance comparison between databases. The
performance of the databases depends upon the experience of the database
developers and database administrator rather than the database's provider.

Platform comparison

All of Oracle 9i Database, DB2 Universal Database version 8.1, MySQL
version 4.1 and PostgreSQL support all known platforms, including Windows-
based platforms, AlX-Based Systems, HP-UX systems, Linux Intel, Sun
Solaris and so on. SQL Server 2000 only works on Windows-based platforms,
including Windows 9x, Windows NT, Windows 2000 and Windows CE.

Features comparison

All of Oracle 9i Database, IBM DB2 Universal Database v8.1, MySQL version
4.1 and SQL Server 2000 support the ANSI SQL-92 entry level and do not
support the ANS! SQL-92 intermediate level.
In general, Oracle offers all the features required for information integration in
a single unified product. The inherent reliability and security features of the
Oracle database are automatically inherited by information integration
applications. Oracle is clearly the leader in the distributed space with its
single, unified solution to satisfy a complete spectrum of information
integration requirements. All editions of Oracle include; the PL/SQL engine to
develop stored procedures, triggers, and functions; a Java cgmpiler and
Virtual Machine (JVM) to develop Java stored procedures and triggers; XML
support; an Apache Web server; and object-relational capabilities.Oracle9i
Database offers a rich set of development and administration tools, and
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recent releases have focused on security and scalability improvements. Th
implementation of various index types demonstrates hoi:vyextgnsively Oracle:i
Database focuses on fast data retrieval, especially in large databases such as
data warehouses. In addition, the use of reverse key and function-based
Indexes, allows for a great degree in flexibility in quickly accessing data. In
recognizing the high availability challenges every business faces, Oracle
provides co.mprehensive, unique, powerful and simple to use capabilities to
protect against most forms of unplanned downtime, including system faults,
datg corruption, human error and disaster. And, achieves this in an
environment where the need for planned downtime is marginalized.
IBM on the other hand has a completely different model for information
intggratlon. They offer different products for different integration scenarios.
This adds several layers of complexity, since each product has to be installed
and configured separately.
Oracle and DB2 can scale to terabytes of data storage fairly easily. MySQL
and PostgreSQL are known to run well into the hundreds of gigabyles.
PostgreSQL and MySQL boast widespread use for relatively small databases
(under 100GB, for example).
DB2 offers the very basic set of backup and recovery capabilities but lacks the
completeness and depth of data protection required by most businesses
tqday. In fact, DB2 is behind even Microsoft SQL Server when it comes to
high - availability.
The dialect of SQL supported by Oracle 9i Database is called PUSQL. The
dialect of SQL supported by IBM v8.1 is called DB2 SQL dialect. The dialect
of SQL supported by Microsoft SQL Server 2000 is called Transact-SQL (T-
SQL). The dialect of SQL supported by MySQL version 4.1 is called MySQL
g:a:ect. Transact-SQL dialect is a more powerful language than MySQL
alect.
Y

Spatial Extender

In 1997, the Open GIS Consortium published the OpenGIS Simple Features
Specifications for SQL, a document that proposes several conventional ways
for extending an SQL RDBMS to support spatial  data.

Use DB2 Spatial Extender to generate and analyze spatial information about
geographic features and to store and manage the data on which this
information Is based. The DB2 Spatial Extender allows the user to include
spatial attributes (distances, times, and geographical information) into
business analysis. It confims to ISO and OpenGIS Consortium (OGC)
standards. Additionally the latest version of the spatial extenders includes an
Index Advisor for tuning spatial indexes, includes additional spatial functions,
and the ability to export SDE transfer data and spatial data to geobrowsers.
MySQL implements spatial extensions following the specification of the Open
GIS Consortium (OGC).
A maijor feature of Oracle 9i is Oracle Spatial. This is a spatial extender that
~provides storage, indexing and proximity queries for focation-based
information, which may include road networks, wireless service boundaries
and geo-coded customer addresses, for example. Oracle Spatial makes it
possible to combine the relational power of a database with spatial data. The
ability to use indexes, various queries, and functions means complex spatial
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calct_:lati_ons may be pushed back onto large database servers. As mobile
applications _and technologles increase, so will the demands to store and
analyze spatial data in a transactional setting.

Security

Database security is a very important aspect of any relational database
;na::agement system to protect access to the database operations and the
ata.
At first glance, Oracle and IBM appear to offer similar security solutions, but
with closer inspection, it is plain to see that the two companies approach
security differently and ship solutions at vastly different levels of maturity.
Independent evaluations and feature-for-feature comparisons prove that the
Oracle9i Database is more secure than IBM's DB2 Universal Database.
Overwhelming evidence supporting this assertion that Oracle security Is far
superior to DB2 security.

It is difficult to make up for a lack of security built into the core DB2 product
set, but IBM offers a variety of packaged service plans to do so. Oracle’s
security solutions are much less expensive than IBM's because customers do
not have to pay for additional sofiware and services. IBM's security solutions
are less secure than Oracle’s because they rely on external solution and
services to implement security they've neglected to build into DB2, which
does not provide equivalently robust, mature security features that Oracle has
been shipping for years.

The following table summarizes the database comparison.
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Table Comparison of some  existing DBMS's
Features Oracle MS SQL
DB2 ™ MySQL | PostgreSQlL
- D:ﬂ types Very good Good Good Good | Very good
Qreahngmm Verygood | Verygood | Verygood | Average Good
Declarative
integrity Verygood | Verygood | Verygood | Average | Very good
constraints e
. Primary key Yes Yes Yes Yes Yes
Foreign key Yes Yes Yes No Yes
Programmin
abstractl mg Very good Good Good Poor Average
" National
characters Verygood | Very good Gaod Good Good
support _
Transactions | Verygood | Verygood | Verygood |  Poor Good
Locks Vi od Good Good Poor Good
Multfuser access | _Very good Good Average | Awverage | Average
- Stored .
proceduresand | Verygood | Very good Good Poor Very good
triggers
Accesscontrol | Verygood | Very good Good | Verygood. Good
Backup copies | Very good | Very good Good Average Average
P mgg&? of Very good Good Poor Good Good
Scalability Verygood | VeryGood |  Good Good Average
Query
optimization Verygood | Very good Good Good Good
Structures
supparting Very good Good Good Poor Good
query
optimization
Support for
analytical Very good | Verygood Good Poor Poor
processing
Alocation of the 4 A Avera
sk space Very good _ Good Goo __:erage ge
Data size limits | Verygood | Verygood | Very good Good Average
VLDE (very Good Poor Good
large data base) Very good | Very good 0
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implementations

Accessto
multiple Verygood | V od A
databases ery go poor verage Awerage
Hetero
!:!!m"’m! p; Good Good Poor Poor Poor
Large objects
dat:hj:u B | Very good VeryGood |  Good Cood Average
User-defined
data types Yes Yes No No Yes
Object-
relational Yes Yes No No Yes
extensions
Support for
special data Very good | Very good Good Poor Average
types
Complex
| App"ﬂdm Verggood | Very good At:etage Poor Good
Embedded SQL | Very good | Very good Good Poor Good
Standard
interfaces Very good | Very good Good Good Good
(ODBC, JDBC)
Interoperability .
with Web Verygood | Very good Good Gaod Good
technology _ _
XML Verygood | Verygood | Very good Poor Poor
Re:;‘:r’: OM | Verygood | Verygood | Good | Average | Average
Security Very good Good Good Average A
Ease of Use Average Poor Very good Good Good
Mobile-
commerce Very good | Very good Good Average Poor
Spatial extender | Ve Verygood | - Good Average Poor -
Prices H Average Low Free Free
Technical
gl;":c ::: VeryGood |  Good Good | Aversge Poor
(Availability)
Pesition onthe Good P Poor
| market Very good | Very good oor
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12. Conclusion

We saw the limitations of conventional DBMS. No. of new applications are
emerged and needs of some new complex datatypes are arise. That complex
datatypes are not supported by the conventional DBMS. Hence there is a
need to extend the current DBMS. Spatio-Temporal database Management
System is an extended DBMS whichp an important role in many sectors.
So-a detail SHUOY OF SPRTC-TeMmporal Databmse oo I ey seclors,
need for todays changing trends. Different database softwares are suggested
as above which supports the spatio-temporal features and comparision .

Fro(rjn the above presented comparison, the following conclusions can be
made:

« SQL Server 2000 holds the top TPC-C performance and
price/performance resuilts.

= SQL Server 2000 is generally accepted as easier to install, use and
manage.

= MySQL version 4.1 requires little hardware resources.

* You can use MySQL version 4.1 without any payment under the terms
of the GNU General Public License. )

» Oracle 9i Database, DB2 Universal Database v8.1 and MySQL version
ZTsupports all known platforms, not only the Windows-based
platforms.

»  PL/SQL is the most powerful language

» Oracle9i Database offers a rich set of development and administration
tools

= Oracle and DB2 can scale to terabytes of data storage fairly easily

‘When it comes 10 backups, open-source databases like MySQL and

PostgreSQL may not completely fulfill your needs.
Oracle Spatial makes it possible to combine the relational power of a
database with spatial data

With consider to above mentioned specifications of different commercial
database management systems and based on the capabiliies that are
needed by moving objects database applications{it is recom

is the first choice for managing spatio-temporal data. DB2 universal database
and SQC —_server__are___the——_next alternatives._

Also, Spatio-temporal database management system plays an important gl:ée
in : ' )
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13. GIS Softwares

Software

Software

Maker/Distributor

' Description

ArcCad

ESRI
WWW.esri.com

PLATFORM : Windows (95, NT)
“‘ESRI's ArcCAD software gives |
you full geographic information
system (GIS) functionality
within  AutoCAD. ArcCAD
provides powerful mapping,
data management, and display
tools that work directly with
AutoCAD software's design and
drafting tools. ArcCAD users
can create, access, and
exchange ARC/INFO data, the
de facto standard for local,
state, and national GIS
installations.”

ArcExplorer

ESRI
www.esri.com

PLATFORM : Windows
“ArcExplorer software is a
lightweight GIS data explorer.
ArcExplorer can work on its
own with local data sets or as a
client to Intemet data and map
servers. ArcExplorer is built
using MapObjects, ESRI's
powerful collection of GIS and
mapping components  for
application developers. As a
stand-alone application,
ArcExplorer is a complete data
explorer, allowing users to
display and query a wide
variety of standard data
sources.”

ArcFM

ESRI

PLATFORM : Windows (NT)

“Arc Facilities Manager (ArcFM)
is a powerful ARC/INFO-based
application for the editing,
maintenance, modeling, and
data management of utility
information. ArcFM is all-
relational  utility application
software  developed  using
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| ARC/INFO software's Openi
| quelopment Environment and
| object-oriented programming.”

Arc/Info

ESRI
www.esri.com

| PLATFORM : Most Unix
| platforms, Windows (NT)

| “Professional GIS offers
| advanced modeling and

analysis capabilities”

ArcView
Business
Analyst

ESRI
www.esri.com

PLATFORM : Windows (3.51, 95,

| 98,NT)

“ArcView Business Analyst
allows you to focus on getting
the data analysis you need,
rather than worrying about the
details of the underlying
technology. A wizard interface
assists you with tasks ranging
from basic, such as mapping
customers, to complex, such as
performing analyses or creating
what-if scenarios.”

ArcView GIS

ESRI
www.esri.com

PLATFORM : Most Unix
platforms, Windows (95, 98, NT)
“The leading mapping and GIS
software for the desktop.”

Atlas GIS

ESRI
www.esri.com

PLATFORM : Windows (95, 98,
NT)

“Business professionals |
worldwide rely on Atlas GIS to
help them make decisions that
improve the efficiency and
profitability of their
organizations. Atlas GIS is both
powerful enough to perform
sophisticated desktop mapping
and intuitve enough that
nontechnical professionals feel
comfortable using it.”

AutoCAD
Map 2000

Autodesk
www.autodesk.com

PLATFORM : Windows (95, 98,
NT)

“AutoCAD Map® 2000 is the
Autodesk® software optimized
for precision mapping and
geographic information system
(GIS) analysis in the AutoCAD®
environment. It provides the
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' GIS analysis tools and |
productivity improvements you

need to easily create, maintain,

| and produce maps and
| geographic information.”

BusinessMAP
PRO

ESRI
www.esri.com

| PLATFORM : Windows (31x, 95,

NT)

| “BusinessMAP PRO is an

affordable mapping application
that transforms information from
databases, contact managers,
spreadsheets, and electronic
phone books to pushpin and
colorfilled maps. It will tumn
static data into meaningful
images to help you understand
your business better and help
with sales automation and
mission-critical decision making
processes.”

Data
Automation
Kit

ESRI
WWW.esri.com

PLATFORM : Windows (3.x, 95, |

NT)

“This software package
perfectly complements ArcView
GIS software and other desktop
mapping software by allowing
you to create fully intelligent
(topological) data sets by
digitizing or converting data
from many formats, with
functionality that previously
existed only in a full ARC/INFO
system.”

Didger

Golden Software
www.golden.com

PLATFORM : Windows (3.51, 95,
98, NT)

“Didger is a highly accurate
digitizing program that will be
an invaluable addition to your
software library. In seconds,
Didger precisely transforms
points, lines, or areas from your
paper maps, graphs, aerial
photos, or other plotted
information to a versatile digital
format you can use with your
other software. You name it and
Didger can handle it quickly,
accurately, and usefully. And
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features and ease-of-use, this
IS an unbelievable value

| considering the time and effort
| savings you will realize! You will

soon wonder how you have
done your job without this
indispensible tool.”

don't be fooled by the low $119
price. With Didger's multitude of

ERDAS
IMAGINE
Professional

ERDAS
www.erdas.com

PLATFORM : Windows (95, NT),
Most Unix platforms

“Quick image testing and
modeling allows you to
automatically and quickly
generate broad land cover
maps. Perform graphical spatial
data modeling and integrate
radar imagery. ”

ERDAS

' MapSheets

ERDAS
www.erdas.com

PLATFORM : Windows

“All that work you put into
gathering and analyzing
geographic data... without a

present the information to your
boss, your client or your
prospective customer.

Because it's fully Microsoft
Office Compatible, MapSheets
gives you the same look and
feel of other Microsoft
applications, as well as the
power to create a convincing
PowerPoint presentation, an
effective Word report or a
compelling Web page.”

quick and simple way to visually |

ER Mapper

Earth Resource Mapping
WWW.ermapper.com

PLATFORM : Windows, Unix

“Used in more than 142
countries world wide and
supported by 514 ER Mapper

Mapper is the world's most
popular desktop integrated
image processing software.”

ER Viewer

Earth Resource Mapping
WWW.ermapper.com

PLATFORM : Windows, Unix
“ER Viewer is an easy to use

image viewer featuring

resellers around the globe, ER |
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interactive roaming and
zooming with very large image
files.”

Geographic
Calculator

Blue Marble Geographics |

www.bluemarblegeo.com

converts individual coordinates,
point databases, and map files
from virtually any coordinate
system, datum, and map
projection to any other.”

| PLATFORM : Windows
| “The Geographic Calculator

Geographic
Explorer

Geographic
Tracker

Blue Marble Geographics
www.bluemarblegeo.com

PLATFORM : Windows (95, NT)
“The  Geographic  Explorer
extends the Windows 95 and
NT Explorer to view, translate,
and find map files. The
Geographic Explorer provides a
number of powerful utilities.
You can explore map files
directly on your desktop with
the Geographic Explorer.”

Blue Marble Geographics
www.bluemarblegeo.com

PLATFORM : Windows

“The  Geographic  Tracker
delivers all of the power and
utility of GPS to the Windows
environment by allowing you to
link a GPS receiver to other
Microsoft Windows applications
through standard Windows
DDE messaging.

This standard "plug-and-play”
GPS interfface component
supports most of the leading
GPS receivers on the market.

computer running Windows and
the Geographic Tracker will
GPS-enable your applications.”

Simply plug your GPS receiver |
into the serial port of a |

Geographic
Transformer

Blue Marble Geographics
www.bluemarblegeo.com

GEMI Store
www.gemistore.com

PLATFORM - Windows
$799

upgrade: $299

“The Geographic Transformer
allows you to easily establish
an "image-to-world" relationship
between image and map
coordinates and reproject an
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| image
| image map.” |

infto a georeferenced§

Geographic
Translator

Blue Marble Geographics
www.bluemarblegeo.com

PLATFORM : Windows
“The Geographic Translator

| supports comprehensive data

and coordinate system
translation of map files in the
AutoCAD DWG & DXF,
Microstation DGN, Mapinfo MIF
& TAB, and ESRI Shape
formats. "Hands free” batch
mode operation is just one
compelling reason to add this
new Blue Marble tool to your

GIS toolbox.”

Geomatica
| FreeView

PCI Geomatics
http://www.pcigeomatics.
com

PLATFORM: Windows 95, 98,
NT, 2000

"The Geomatica[tm] FreeView
includes tools for fast image
roaming and magnification,
enhancements, numeric value
display, and attributes table
display.”

Geomedia

Geomedia
Viewer

Intergraph
http://www.intergraph.co
m

PLATFORM : Windows
“GeoMedia is your information |
integrator, serving as a
visualization and analysis tool
and a platform for custom GIS
solutions. A universal GIS
client, GeoMedia's live data
connections allow you to
maintain GIS data in native
repositories, and ensure that
your data is always up to date.
You can integrate data
automatically using on-the-fly
coordinate transformation and
feature  definition. Perform
simple and complex spatial
analysis, such as incident and
proximity analysis, to support
decision-making activities.”

Intergraph
http://www.intergraph.co
m

PLATFORM : Windows

“Create Thematic Maps... View |
and anlyze data in either !
Microsoft Access or Arc/View |
Shape format... Load a satellite |

65



raster image and easily
manipulate your map with
zoom-in, zoom-out capability...
it's FREE!I!!”

Manifold
System

manifold.net
http://www.manifold.net

PLATFORM : Windows
“Manifold is a software package
that combines database and
mapping functionality. Manifold
also includes a variety of
statistics, logic, mathematics,
and networking capabilities for
use on maps, on databases, or
all together at the same time.”

Maplnfo
Professional

Maplinfo
www.mapinfo.com/

PLATFORM : Windows,
Macintosh, Sun, HP

“Mapinfo Professional is the
world's leading desktop
mapping software that helps
you see pattens and trends in
your data. Trends that may
lotherwise be impossible to
identify. ”

Maplinfo
ProViewer

Maplinfo
www.mapinfo.com/

PLATFORM : Windows ;
“Mapinfo's easy viewing tool |
designed for Mapinfo
Professional users. With
ProViewer, you can share your
Maplnfo Professional maps and
analyses with clients and co- |
workers, who may easily view
and manipulate your creations
even if they do not have
Maplinfo Professional.”

Maplex

ESRI
WWW.esri.com

-

PLATFORM : Windows (NT)
“Maplex is a fully automated |
cartographic name placement
software. Name placement can |
be one of the most time- |
consuming aspects of map |
production, often  requiring |
considerable manual |
intervention to ensure that
names do not overlap and are |
clearly associated with the |
features they annotate. Maplex |
provides the means to
overcome this bottleneck in
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| map production.”

MapMarker
and
MapMarker
Plus

Maplnfo
www.mapinfo.com/

PLATFORM : Windows

They both utilize “street maps
to allow you to visually display
all your geocoded data.
MapMarker ships with
MapMarker Streets - a five
layer street display product
based on TIGER data from U.S.
Census Bureau. MapMarker
Plus ships with MapMarker Plus
Streets - a five-layer street
display product based on data
from GDT, Inc.”

MAPublisher

Avenza
wWww.avenza.com

PLATFORM : MacOS PowerPC,
Windows (95, 98, NT)
“MAPublisher 3.5 is a suite of
Xtras for Macromedia
FreeHand and Plug-ins for
Adobe lllustrator 8.0.1 that
bridges Geographic Information
System (GIS) technology with
high-end graphics software for
high resolution printing and
electronic publishing
technology. ”

MAPublisher
GPS

Avenza
www.avenza.com

PLATFORM : Windows (95, 98,

NT)

“MAPublisher GPS allows you |

to publish your data quickly,
easily and intuitively while
speaking to a GPS receiver
through a satellite/radio network
from the lllustrator graphics
environment. This data can
efficiently be made available on
the internet/intranet by using
Avenza's pdfPLUS technology.”

Map Viewer

Golden Software
www.golden.com

PLATFORM : Windows (95, 98, |

NT)

“MapViewer is a thematicﬁ

mapping package that creates
full-color maps by linking

worksheet data to areas or |
points on a map. MapViewer |
includes numerous boundaries |
and data files for the United |
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| States and World to get you

started, or you can create your
own boundaries for use with
MapViewer. By placing your
data in the full-featured

MapViewer worksheet, you can

easily link your data to areas or
points on the map, and
generate instructive, publication
quality maps in virtually no time.
With the numerous map types,
overlays, and drawing tools you
will create the most informative
maps possible.”

MicroStation
GeoGraphics

Bentley Systems,
Incorporated
www.bentley.com

PLATFORM : Windows (3.1x, 95,
NT), DOS. Releases are planned
for Intergraph CLIX, Hewlett
Packard HP/UX, Sun Solaris, DEC
Alpha NT, Silicon Graphics, IBM
RS6000, and Macintosh Power

“MicroStation GeoGraphics is a

|

comprehensive mapping
toolbox that bridges the gap |
between CAD and GIS. |
MicroStation GeoGraphics |
combines MicroStation's |
industry-standard data capture |

and editing tools with a

comprehensive database |
interface and a powerful spatial |

analysis engine. MicroStation

GeoGraphics integrates |
seamlessly with MicroStation |
95, and provides tools to input, |
validate, manage, analyze, and |
visualize geographical |
information. MicroStation |
GeoGraphics also has the |

ability to manage a diverse

combination of vector data,
raster data, and non-spatial

attributes. ”

OziExplorer

ESRI

WWWw.powerup.com.au/~lo
rnew/oziexp.html

PLATFORM : WIN |

05/98/NT4/NTS5/WIN2000

“OziExplorer GPS Mapping |

Software will work  with

Magellan, Garmin, Lowrance |
and Eagle GPS receivers for |
the upload/download of data |
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| and most brand of GPS
| receivers for on screen tracking
| of posmon (Movmg Map)

|

PC Arc/Info

ESRI
www.esri.com

PLATFORM

: DOS, Windows
(3.x, 95, 98, NT)

“PC ARC/INFO is a series of six
integrated software modules
that combine fundamental
geographic information system
(GIS) tools and utilities for
cartographic design and query,
data entry and editing, data
translation, polygon overlay and
buffering, and network analysis
and modelmg

Surfer

Golden Software
www.qolden.com

PLATFORM : Windows (3.1, 95,
98, NT)
upgrade: $139 I
“Surfer is a contouring and 3D 1
surface plotting program that |
runs under Microsoft Windows. |
Surfer quickly and easily |
converts your data into |
outstanding contour maps and
surface plots. Virtually all
aspects of your maps can be |
customized to produce exactly
the presentation you want.
Producing publication quality |
maps has never been quicker
or easier. Both the 32-bit and
16-bit versions are included.”

Terrain
Professional

Maptech

GEMI
www.gemistore.com

Store

PLATFORM : Windows (95, 98,
NT) |
“High-quality USGS |
topographic maps on CD-ROM.
Up to 300 exportable maps per
CD, at 160 dpi image
resolution. Advanced features
let you export and reproject full,
georeferenced maps for use in
GIS applications. Annotate and
print customized maps. NGS
(National Geodetic Survey)
Data Sheets included. "

TNTatlas

Microlmages, Inc.
WWW.microimages.com

PLATFORM : Every Platform
“‘a free product that lets you |
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| publish and distribute your

spatial materials on CD-ROM. |

| TNTatlas CD's contain multiple

versions of the software so that

| a single CD can be used on any

popular computing platform.
TNTatlas stacks are prepared
with the Hyperindex® feature in

TNTmips.”

TNTview

WiInCATS

Microlmages, Inc.
Www.microimages.com

PLATFORM : Every Platform

“TNTview gives you the same
powerful  visualization and
interpretation tools contained in
Microlmages' industry-leading
TNTmips product. TNTview is
easy to learn and provides low
cost visualization of your
organization's project materials
at sites where the users' scope
of work does not include the
preparation, processing, or final |
production of your spatial data.” |

Applied Global
Technologies, Inc.
www.appliedglobal.com/fr
ames.htm

PLATFORM : Windows -
“WIinCATS is the cutting edge |
intel tool for displaying |
database information over a |
vast host of geographic |
backgrounds. Advanced |
enough for the most complex |
cartographic demands, yet |
simple enough for the everyday |
software user, WIinCATS is a |
serious mapping tool that |
remains user friendly.” ;
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14. Summary

In common with many areas, a spatial and temporal database systems
research should generally be characterized by research that:

« {s collaborative with other research in cognate areas of information
technology research, such as mobile telecommunications;

» jntegrates with other disciplines such as medicine, CAD /CAM, GIS,
environmental science, molecular biology or genomics/bicinformatics;

» uses large, real databases—synthetic databases are often of less use in this
area than in many others;

» where possible, attempts to change the accepted paradigm or approach to a
given problem,
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15. Future Activities

Management of spatial data is not yet satisfactorily simple for such end-users
as cartographers and others. Hence, the anticipation is that friendly graphical
user interfaces will have to be developed on top of DBMS that handle spatial
data.
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