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ABSTRACT
This paper addresses the issue of geographic data fitness

for use. We want to assist users in finding data precisely
adapted to their application’s requirements. An approach
is proposed to provide customised data sets, thanks to a
system helping users to choose and to restructure existing
data. This system mainly relies on a data set description
model. This paper describes the issue and chosen
approach for this beginning research project, but no result
is presented yet. The core elements of the data set
description model are presented at the end of the paper.
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1. INTRODUCTION: USER ACCESS TO
FITTED-FOR-USE GEOGRAPHIC DATA
SETS

1.1. GENERAL IDEAS

Users of geographic data are not always experts in the
geographic information domain: they may not be aware of
the multiple slight differences making each geographic
product more or less adapted to their application.

Some research work has been carried out to customise
geographic processing or GIS tools [1] [2]. On the other
hand, with regard to data sets, users up to now have had to
do with rigid products which are proposed exactly as they
were designed. However, user requirements are various,
even concerning one and the same data set, as can be
noticed in a pricing experiment described in [3].

This paper introduces a starting research project that aims
at proposing data sets customised for user need, thanks to
an interactive specification of data extraction and
restructuring.

Important research has been carried out concerning user
access to data set description, especially through metadata
[4]. The SDI Cookbook [5] defines three levels of
metadata for spatial data infrastructures:

The discovery level provides global information
introducing the geographic product. It should enable
the user to know which products exist.

The exploration level gives details about data sets
composing the product, and should enable to know
whether the data will meet general requirements of a
given problem.

The exploitation level provides information required
to load and use the data in the final application. It
includes a data dictionary, the data schema, reference
system and geometric characteristics, etc.

As shown in Figure |, the metadata level we are focusing
on is located on the exploration level and on part of the
exploitation level. The user we consider is aware of
existing data products (the discovery step is over). He
wants to select among one of those the data containing the
information specifically required by his application. He
also needs to adapt the selected data, so that the
information has the adequate modelling and can be used
for the planned application as soon as the data are
distributed.

Data
discovery

Data Data
exploration I exploitation

]

data selection
and pre-processing

Figure 1. Levels of metadata in user access

The following example illustrates the process of user
access and points out encountered difficulties.

A risk manager is looking for geographic data supporting
flood simulations. For this purpose, he needs to have a
representation of bridges, rivers and their crossing points.
He has heard about a vector database called GeoBase and

160 S. Levachkine, J. Serra & M. Ege nhofer (Eds.) - ISBN; 970-36-0103-0



wants to check if it suits his requirements. Several

questions must be answered.

— Does the information content correspond to the
required content? To answer this question he checks
the list of GeoBase feature types found on a metadata
server: GeoBase does not provide any “bridge”
feature type, nor any attribute domain including
“bridge” or any synonym. However, had he been able
to read the product specifications, he would realise
that bridges are represented in GeoBase: a Road-
Section feature whose attribute Jevel has value 2
corresponds to a road bridging another feature. To
know if it bridges a river or something else, the
geometric intersection must be tested with River-
Section features. So, the information is represented in
an implicit way. It can be made explicit through a
simple operation available in most GIS software.
Moreover, the user cannot find any “road” feature
type. Information is geometrically divided into “road
sections”, and represented by a large number of
feature types distinguishing main roads, motorways,
cycle tracks, etc.: GeoBase contains the required
information, but its level of detail exceeds the user
need.

— Is the data schema adapted to the application? In our
example, it is not. However, the schema can be
modified by some schema transformation operations:
the Road-Section feature class can be split up by
filtering the values for /evel attribute, so that the
Bridge feature class appears. The River-Section
features can be aggregated to generate River features.
Moreover, the risk manager has some classical
applications to perform: the River feature selection
and join (to add some water level data), and the path
processing on rivers. As GeoBase is a vector
database, feature selection and join are enabled. On
the other hand, rivers in GeoBase are surface features
and do not constitute a network. The application is
not feasible on GeoBase in its present state.

This example shows that describing a data set content and
fitness for use is far more complex than listing feature
types. The next two subsections further describe the
problems of data selection and pre-processing.

1.2. ISSUES INVOLVED |IN SELECTING
ADEQUATE DATA SETS

The selection of a data set implies first of all the selection
of an information content: a user specialised in water
applications is likely to select the data set providing the
most detailed representation of water bodies, whatever
structure the data set has. The possibility to extract only
needed information from a data set contributes to its
fitness for use.

A first difficulty hampering selection is the lack of
detailed and available descriptions of data sets content.
Sections 1.2.1 and 1.2.2 expose this problem by
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distinguishing content descriptions provided by metadata
and by data sets technical documentation.

1.2.1. Using metadata to select adequate data sets

Metadata are the main way for users to explore available
data sets, but the description provided by metadata
standards do not particularly focus on the product content
[6]. Metadata above all describe the data set in its
globality (e.g. its global quality and spatial extension),
and do not insist on the individual description of data set
elements. The ISO 19115 standard [7] already provides
three interesting metadata entities in this context: a subset
of feature types occurring in the data catalog
(MD_FeatureCatalogDescription), an application schema
in a graphic file (MD_ApplicationSchemalnformation)
and an image file illustrating a sample of the data set
(MD_BrowseGraphic). However, all of them are not
mandatory: most of the time, data providers only fill the
features type list. Moreover, these metadata entities
provide limited information: geometric and semantic
representations chosen for the data set features are not
detailed.

1.2.2. Using description provided by technical
documentation to select adequate data sets

The complete technical documentation written by the data
producer (data schemas and product specifications) could
provide potential users with more information, but, as we
explain in this section, this technical documentation is not
distributed and anyway would be difficult to interpret.

1.2.2.1. The technical documentation form

Data schemas.

Database terminology distinguishes three types of
schemas for data description, from the most abstract to the
most concrete point of view [8].

The conceptual data schema defines information
represented by the data and the logical relationships
organising this information. It can be wused to
communicate database content to users, independently of
the way it is modelled or stored in a computer: it is
platform-independent. In this paper, the feature types,
relationships and their attributes defined in the conceptual
data schema will be globally called “representation
elements”.

The logical data schema describes the data structure
following the model of a particular database management
system (DBMS). It lists tables and key attributes
implementing the representation elements of the
conceptual data schema.

The physical data schema describes the system of files
adopted for data storage on the computer.

Figure 2 represents the three types of data schemas as the
successive steps of an abstraction process translating real
world features into computer representation.
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Figure 2. Rcal world and levels of data modelling

The conceptual data schema is the most relevant to assess
the information content of data. However, it does not
precise exactly what real world features are represented
by representation elements, and how (e.g. what real world
buildings can be included in the representation element
called “building”). Indeed, real world features have
different meanings for every user and representation
elements have different definitions in every conceptual
data schema. No universal ontology is able to link these
two levels [9]. More precision about what information
content is provided by a class of the conceptual data
schema can be found in the specifications of the data set.

Data specifications.

The specifications provide conditions on real world
feature characteristics to select those that should be
represented by each representation element of the data set
(e.g. buildings whose ground surface is more than 5m?
and lower than 15m? are captured as “huts”). They also
explain how the features must be represented (e.g. “huts”
are represented as points indicating their centre). These
textual conditions and rules are numerous and hardly
readable by an end-user. Several research approaches are
trying to make this documentation accessible to humans
or machines. Gesbert [9] and Riither [11] formalise
specifications, which are usually complex text documents,
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into conceptual data schemas. Their goal is to make data
sets unification possible. Goder [I12] has proposed a
cartographic representation of data sets specifications,
insisting on differences between products. As shown in
Figure 3, tables (at the top) compare what concepts are
represented and distinguished in the data sets.
Representation rules are graphically displayed (at the
bottom, for rivers of different width).
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Figure 3. A uscr-fricndly display of content and representation
specifications for two IGN databascs (BD Topo and BD Carto).

1.2.2.2. Conceptual data schema complexity

A second difficulty hinders data selection in addition to
the difficulty involved in reading the technical
documentation: it is the intrinsic complexity of the
conceptual data schema. The conceptual data schema does
not only represent the data set information content
independently of other concerns: some representation and
implementation choices are also implicated. The main
choice is to model information in terms of homogeneous
entities, even if it entails decomposing real world features.
This is done in order to simplify data capture, storage, and
management for the data producer.

For example, in some IGN data conceptual schemas,
roads are composed of road sections, which are the
longest sections without any intersection and with
homogeneous attributes value. This choice is very useful:
it renders the road network explicit, and it enables
changes in attribute values along the road. However it
does not necessarily make sense for users just checking if
roads are represented in the data base.

To give a second example, in some IGN conceptual data
schemas, distinct representation elements (such as “linear
construction™ and “surface construction”) may represent
the same real world feature (such as the concept of river
embankment). It is a modelling choice made with data
storage in mind, since point, line and area objects must be
separated.

These modelling choices suit very well to data
management, but they are not the most adapted to the data
set content discovery and selection, which most of the
time requires a lower level of detail. In the conceptual
data schema, the representation elements are very
numerous, and their names and hierarchical organisation
do not directly reflect the basic real world features
required by the user.



1.2.2.3. Conceptual data schema insufficiencies

A third problem makes conceptual data schema
insufficient for data selection: not only does the
conceptual data schema express the data set information
content in a complex form, but also it does not express the
whole information content. This is due to the importance
of implicit information. As shown in the example of
section 1.1 concerning the “bridge” feature, the
conceptual data schema (and specifications) does not tell
everything: it only describes features that are explicitly
stored in tables. In fact, in some cases, simple needed
concepts are provided somehow by the data set, but they
are not explicitly specified in the conceptual data schema:
— In some cases, the concept has been aggregated or
split to satisfy some implementation constraint,
— In other cases, the concept has not been taken into
account during data set design, but it can be retrieved
by simple operations on represented concepts.

As a conclusion, users who only have metadata
description at their disposal, or who are unable to decode
the complex technical description, cannot assess whether
the information content they need is provided by the data
set. That makes the selection of an appropriate data set
arduous. The need for data pre-processing is described in
the next section

1.3. ISSUES INVOLVED IN PRE-PROCESSING
DATA SETS

Data are generally produced by organisations such as
mapping agencies that have a limited number of
immediate application purposes. So, data sets cannot be
customised for every specific need, and they seldom
exactly suit the user application requirements. Even if a
data set provides the right information content, pre-
processing may be a necessary step to adapt data to the
application. There can be a problem of data structure (e.g.
feature types must be split or aggregated), format, spatial
representation (e.g. topologic relationships must be
calculated so that roads form a network), spatial
referencing (e.g. geographic coordinates must be
converted to another system), etc.

Data transformation makes it possible to change data
format or geometry, to modify a schema structure, to filter
information, etc. But these transformations may be time
and effort-consuming for non-expert users. Moreover,
these home-made transformations are not referenced by
the data provider, which does not guarantee any
compliance with differential data sets when the data must
be updated [13]. That is why a user catalogue query
should be composed not only of an extraction query, but
also of a pre-processing order. This customisation step
should be supported and referenced by the data provider.

Such a customisation of existing data sets for specific
needs has not been widely studied. The UAPE system
presented by De Oliveira [14] tries to adapt data and
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applications to the user platform: it allows the user to
design his own database and application, which then
should be automatically implemented by a driver on the
chosen GIS. Hubert [I5] adapts data representation,
through a cartographic generalisation process, to the user
requirements of visual data display.

To summarise the issues involved here, crucial steps in
user access to geographic data include the specification of
a data set containing the required information (i.e. the
choice of an information content based on metadata and
data set technical documentation) and the restructuring of
this data set to make it application compliant (i.e. the
choice of a representation for the selected information
content).

Initial data set
with a subset of
Selection of required | * needed » data
information content

N\

%
Raw extracted
data set

No change of
information

v content

Restructuring
Pre-processing

Customised
data set

Figure 4. How to process customised data set specification

These steps are represented in Figure 4. They can hardly
be achieved by end users because of the lack of available
and explicit information describing data sets, and because
of the complexity of the information structure. However,
technical documentation of geographic databases and
simple operations could help assess and improve data sets
fitness for use. In our research, we intend to use these
elements to build a system for customised data sets

specification.
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2. APPROACH

We aim at designing a system enabling users to order

customised data sets, i.e. to assess existing data set

content, to select within existing representation elements

the information content the most adapted to their need, to

restructure it, and to specify some additional pre-

processing. The outputs of the system are orders to be

placed to the data provider: '

—  An order for data extraction corresponding to the
needed information content,

— An order specifying some pre-processing to be
carried out on extracted data so that the data schema
and format are consistent with the user application.

The two main elements of our approach are:

— A data set description model which links the user
needed geographic features (e.g. roads) to
implemented tables (e.g. road_section), possibly with
data structure transformations (e.g. aggregation of
road_section objects).

—  An interface to support interaction with the user. It is
an essential part of the system. A lot of work must be
completed to display the rich and complex
information of the data set description model in a
simple form. Since the specification of customised
data sets is an interactive process that requires user-
system negotiation, a dialogue process controlled by
a dialogue manager must be defined. Among other
things, a dictionary will be required to match user
key-words and system known concepts.

The steps of the specification process are presented in
section 2.1. Section 2.2 focuses on the data set description
model.

1.3. THE CUSTOMISED DATA SET
SPECIFICATION PROCESSING

Figure 5 represents the successive steps that will be
proposed by our system for interactive data set
specification. These steps are then briefly described.
Some of them rely on user-system interaction, others rely
on the system only.

To illustrate sections 2.1 and 2.2, we take the example of

a user who needs the road network, the rivers and their
crossing.
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Figure 5. Main steps in the customiscd data sct specification process

Expression of user needed features.

The first step is the expression of user needed features.
The information required by the user for his application
can be represented in an application schema. ISO provides
guidelines for application schema definition [16]. Since
we suppose that non-expert users need a simple way to
express their need, we situate the user application schema
at a less complex and detailed level: we will use semantic
networks to propose features and define an application
schema. An example of user application schema is shown

in Figure 6.

Road River

Figure 6. The uscr application schema

Presentation of data set content.

The second step is the presentation of available data sets
information content. The system identifies existing
representation elements of the conceptual data schema
corresponding to the needed features, and presents them.
Real data samples are also displayed, and all useful
information available from metadata and data set
specifications is provided so that the user can precisely
assess the information content of the proposed
representation elements. For the specific GeoBase data
set, the proposed representation elements are those shown
in Figure 7. If the system “knows” several data products
likely to provide the adequate information content, it must
present them distinctly and allow comparisons.
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Figure 7. Represcntation clements of the GeoBase conceptual data
schema, likely to correspond to the uscr application schema clements.

Selection of relevant information content.

During the third step, the user selects the most relevant
representation elements. For example, after a look at the
GeoBase content specifications and data samples, he
selects the elements “river”, “road section” and “linear
construction™ from the displayed representation elements
(Figure 7).

This selection step should not be seen as a query
definition: the goal is not to pick some objects from
existing representation elements, but rather to define new
representation elements. It can be seen as a view
definition process, with this difference that the defined
view is going to be restructured and extracted and will
result in a new independent data set.

The representation elements must be chosen within a
single data schema, even if several products have been
presented during the previous step. Indeed, the system is
not meant to integrate heterogeneous information, but to
adapt and customise existing products.

Data set restructuring and pre-processing.

The fourth step is the restructuring and pre-processing of
the selected data set. The system has to propose a
customised data set as close as possible to the application
schema expressed by the user, e.g. that explicitly
represents the concepts that appear in the application
schema. This can imply the need to restructure the data set
to derive new components. For this step, the system can
appeal to specific operations (i.e. class fusion, filtering,
aggregation, etc.). This step relies on the data set
description model and is further detailed in the next
section.

Some simpler pre-processing operations such as changes
of data format or coordinate system are necessary to fully
adapt the data set to user requirements. They cannot be
carried out on feature types, but directly on data. They can
be ordered by the user and registered by the system, so as
to be executed later, after the data extraction phase. On
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the other hand, treatments requiring complex tuning such
as cartographic symbolisation or generalisation are not
taken into account.

Validation: checking application compliance.

The fifth step is a validation step. It checks that the
specified customised data set is accepted by the user and
consistent with his planned applications. Indeed, as
explained in section 1, each application requires specific
data properties, which will be defined in a rule base. As
every specific application requirement cannot be
described, we limit this validation to common operations
concerning measurement and selection, locating and
addressing. Most complex applications are composed of
such basic operations.

If the constraints induced by the user’s planned activities
are not fully respected by the specified custom-made data
set, the system has to point this out. Previous steps of
selection, restructuring and pre-processing have to be
corrected or renewed.

1.1. THE DATA SET DESCRIPTION MODEL

In section 1, the gap between the real world features
required by the user and the available descriptions of data
set content was pointed out. Several modelling levels
were distinguished. In this section, we present our draft
data set description model that bridges the levels of
needed features (real world), representation elements
(conceptual data schema) and stored tables (logical data
schema) together.

The problem analysis points out the need for an enriched
data schema, as shown in Figure 8, with an intermediary
conceptual level between the user application schema and
the initial conceptual data schema.

Indeed, the initial conceptual data schema can hardly be
connected to user needed features for several reasons that
can be recalled here:

— It provides dense information. Depending on the level
of detail, one real world feature may be related to
several representation elements whose names are not
always explicit. It is all the more dense in that it
provides detailed information related to acquisition,
representation and storage constraints.

— It does not describe the whole information content.
The features that are implicitly represented in the data
set are not taken into account.

To be easily exploited for user needs, this initial

conceptual data schema should be simplified when too

dense information is given, and enriched with concepts
implicitly contained in data. This is the role of the
enriched conceptual data schema.
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Figure 8. Usc of an cnriched conceptual data schema

In our data set description model, the relationship linking

representation features of the enriched conceptual data

schema to existing representation elements of the initial

conceptual data schema is a “yield” relationship. This

relationship must be supported by simple schema

transformation operations, as shown in Figure 9.

Real world features mentioned in the user application

schema are related to representation features of the

enriched conceptual data schema through relationships of

“possible representation”,

To distinguish abstraction levels, we borrow the concept

of representation stamp [17] from the MADS formalism

for multiple representation data:

—  User needed features carry the “usr” stamp,

—  Representation elements of the initial conceptual data
schema have the stamp “ini”

— Representation features derived from the initial
conceptual schema by transformation operations
carry the stamp “implicit” or "imp”.
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Figure 9. The “implicit representation ™ and “possible representation”
rclations

Some of the transformation operations can be
automatically proposed by the system, such as the
aggregation of the existing “Road section” element to
create the desired “Road” feature. Others must be
requested by the user.

In our example, the “Road” feature and the “bridging”
relationship have to be built through operations shown in
figure 9.

The features of the proposed customised data set maintain
some properties of the initial conceptual data schema
elements, which enable them to support user applications
or not. The proposed data set in Figure 9 can be used to
select roads and rivers concerned by a bridging relation.
But location of bridging points or measure of the bridge
length are not possible, whereas the initial data set
contains the required information. If such operations are
required by the user application, another solution must be
found that derives a “Bridge” feature with a geometry.

3. CONCLUSION

This paper intends to propose an approach to deal with the
problem of user access to geographic products suiting
their need. We aim at building a system designed to
specify a customised data set. The core elements of our
data set description model have been presented. This
model mainly relies on an enrichment of available data
sets: it must describe precisely the properties of available
representations elements. It finally must include the
simple data manipulation operations that can be used to
derive a data set explicitly representing the user needed
features, in a way adapted to its intended use.



This approach makes the data provider in charge of the
process of data restructuring and representation
adaptation. By the way, the data provider keeps a trace of
the data set modification and is able to assure future data
set maintenance.

In.this project, the source data sets will be limited to
existing IGN data sets, and the described content will
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probably be limited to a single theme like water bodies.
Even if it dramatically reduces the area of possible
custom-made data sets, it will enable us to explore a new
type of access to geographic data. This is likely to
improve usability of existing products without modifying
their structure or their content.

= T\ —
usr
User needed ; |
information Road bz s River
Can he
représentcu
[Cimp | bridges > J
proposed imp l ini
customised Road River
data schema - :
IF |
| (construction.type = bridge ’
! and |
, shared geometry = true
[ and
| geom_intersection (river, road section)
| =true) THEN
| Link Creation picics
ini | ini ini
Repressntation Road section Linear construction River
elements
to be extracted
from the :
T : Name
initial dataset | C"° ype (ex:: bridge)

Figure 9. Data set restructuring. Links of implicit and possible representation arc shown by pale arrows.
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