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Abstract

The nedl to share and integrate spatial data has Ppurred an interest in metadata. This paper
documents the aqquisition and modeling d metadata from eleven dgital geodata sources
in Austria. It shows how the information was modeled acrding to the proposed CEN
standard onmetadata, how it was encoded in a database, and what problems were
encourtered during these processes. The paper concludes with adiscusson d recent
developments aroundmetadata and d the option to make meta-databases avail able on the
world-wide web.
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1. Motivation

The topic of metadata has recently recaved considerable atention [Blott, and V ckovski,
1995 Dorf, and Schdten, 1993 Fisher, 1993 Strohl, 1995. While many discussons
addressed conceptual, architedural, and aganizaional requirements, pradicd experience
with producing metadata has sarcdy been dacumented. This might be caused by the fad
that not alot of meta-databases exist becaise metadata is expensive and hard to coll ed.
Also, the posgbility of adistribution o geodatato unknavn users over the network has
only arisen in the last few yeas due to the tedhndogicd advancement. This contributed to
ashift in attitude towards sharing data wlledions. More and more users outside the
traditional spatial disciplines need spatial data. Data providers need to tell users what they
have andwhat it can be used for. Metadata is destined for this purpose.

Metadata ae 'data ebou data. For companies working with spatial data, good
documentation d the datasets becomes extremely important to make sure that they can till
be used after changes of employees, software and herdware [Strobl, 1995. Metadata can
fadlit ate reseach onthe environment in Europe [Dorf, and Schdten, 1993. Metadata ae
also necessary to insure multi ple usage of datasets [Frank, 1992: Spatia data ae being
colleded everywhere and could often be of useto ahersif they only knew of their
existence Meta-databases are one possble solution to this dilemma.

M etadata describe spatial datasets in away that one can infer the usability of a speafic
dataset for a spedfic task. Some important criteriafor the use of a dataset are:

reference systems and area ®vered by the dataset

currency of the dataset

quality parameters guch as positional, thematic and temporal acairacy
administrative metadata.



The metadatais either gathered during the data @lledion processitself or at some later
time. Generating metadata later requires considerable dfort and nd al the information
might be avail able.

This paper reports onthe experiences that surveying engineeing students at the Technicd
University of Vienna made with colleding and describing metadata and entering them into
adatabase. The metadata was coll eded from eleven dff erent sources of geodatain
Austria, coming from the aeas of geodesy, geophysics, hydology, and geomarketing. The
metadata was described using the proposed standard onmetadatafrom CEN TC 287
[CEN, 1995. The proposed CEN standard defines a minimum set of metadata that shoud
be provided by dita supgiers. We used the relational database Microsoft Access2.0to
implement a metadata repository.

After ashort introduction to related metadata work (chapter 2), we introduce the CEN
metadata standard (chapter 3) and explain howv we goplied it to the geodata sources
(chapter 4). We review the standard in its present propcsed form (chapter 5) and describe
how we implemented the meta-database in Microsoft Access2.0 (chapter 6). Finaly, we
discussthe isaue of standardizing metadata and its possble future (chapter 7).

2. Metadata projeds

The first organizaionto consider data ébout data was the FGDC (Federal Geographic Data
Committe® with its Spatial Data Transfer Standard (SDTS). This garted the discusson on
metadata and its organizaion.

In the United States, the national spatial datainfrastructure (NSDI) encourages gandards
and information interchange.

The National Geospatial Data Cleainghotse links providers, managers, and wsers of
informationin alarge network [FGDC, 1994. In this g/stem, users can seach for
metadata on the data they need. All federal agencies are required to make their data

avail able to ather agencies and to the puHblic.

The Alexandria Digital Library” isalibrary for spatially indexed material. The library will
enable users who are distributed owver the network to accessthe information in the space
they want. It will also be made avail able over the network.

In Europe, the MEGRIN (Multi purpose European GroundRelated |nformation Network)
isan initiative of the Comite Europeen des Resporsables de la Cartographie Officielle
(CERCO). It provides an information system with metadata on data-sources of the
members of CERCO [Salgé, Smith, and Ahoren, 1993. The information system is
currently made avail able over the network.

3. The proposed metadata standard

The propaosed European Standard onmetadata (Geographic Information - Data Description
- Metadata) has been prepared bythe Technicd Committee(TC) 287 d the European
Committeefor Standardization (CEN). Currently CEN TC287isin the processof

soli citing comments on the draft of the metadata-standard.

The standard defines a mnceptual schema for metadata, based ontwo related standards:
the proposed standard for quality and the proposed standard for pasitioning. The main
reason for developing this metadata standard is to encourage the widespread use of
geographic information. It is expli citly stated that the standard is not concerned with
implementation cktail s and therefore the mnstruction d meta-databases. Thisis aso made

* http://alexandria.sdc.ucsb.edu/



clea in the choiceof EXPRESSas the language for the formal definition d entities.
EXPRESSis alanguage for defining an information model, na a database model.

EXPRESS:is the data description language of the Standard for the Exchange of Product
Data (STEP), which has been developed bythe International Standards Organizaion [I SO,
1997. EXPRESShas been seleded by CEN TC287 as the standard for the exchange of
geoinformation. EXPRESSdefines entiti es and relations in schemas. A schemaisa
context, which contains sveral entities and their relations as well asrulesfor their
interadion. For example the mntext of metadata forms a schema, the mntext organisation
forms a seand ore. Schemas can be used in ather schemas. This avoids the redefinition d
entiti es. For example the schema organsationis used in the schema metadaa for the
definition d the organization that manages or supies the metadata. EXPRESS G

ill ustrates the EXPRES Sdefinitions. Eff orts are made to derive the EXPRESSG diagram
diredly from the EXPRESSIanguege.

The proposed standard consists of six parts. Each of the six partsis described below. We
give an example from the standard for the verbal description, the EXPRESS -G description,
the tabular description, and the EXPRESSdescription d the item Organisation.

3.1Introduction to the proposed standard
Thefirst three tapters of the document contain the scope of the projed, references to
other standards or draft standards, and d=finiti ons.

3.2Verbal description

This most detail ed part of the standard contains verbal descriptions of the metadata (see
table 1), including EXPRESS G graphics of eat group d metadata (seefigure 1).

Organisation and organisation role

Organisation name - the name of the organisation

Abbreviated organisation name - the short name of the organisation

Organisation address- the postal address telephore, telefax number, eledronic mail addressof the
organisation

Role - the responsibility of the organisationin relation to the dataset, for example, the aeaor, owner,
administrator or distributor of the dataset. An organisation shall have one or more roles

Alternative organisation name - another name of the organisation which is either in the same language or
another language

Function of the organization - description d the overal role of the organisation.

Table 1: Verbal description d the metadata

The groups are:

Dataset |dentification,

Dataset Overview,

Dataset Quality Parameters,

Spatial Reference System,

Geographic and Temporal Extent,

Data Definition,

Clasdfication,

Administrative Metadata, and

Metadata Reference

The metadata items are defined by a name and a short description d what is meant by this
name. For example, the name Role means the resporsibilit y of the organisationin relation
to the dataset, for example, the aeator, owner, administrator or distributor of the dataset.
An arganisation shall haveone or moreroles (seetable 1).
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Figure 1: EXPRESSG schema of organisation

The EXPRESSG diagram illustrates the metadata items and their relations graphicdly.
For example, therole of the organsation can be foundin the field organisation_role.

The EXPRESSG schema dso shows sub- and supertypes (dotted lines). For example the
item organisation addessnealsto be represented as defined in the item
organizaion_addressin the schema person_aganizaion_schema.

3.3Annex A: Metadata Table

Annex A isatable with the metadata items including constraints, cardinality, and types
(seetable 2). Types may be string, numeric, picture, enumeration, addressetc. Constraints

define if the metadata item is mandatory or optional. Cardinality defines the dl owed

(INV) role_for

number of occurrences of an item. For example, the Alternative organisation rameis an
optional item of type string, which can occur N-timesin a dataset.

Administrative metadata

Organisation and Con | Card-
orgarisationrole straint | inality
s

« Organisation nrame The name of the organisation M 1 string

» Abbreviated organisation | The short name of the organisation M 1 string

name

« Organisation address The postal address telephorg, telefax number, e- M 1 address
mail addressof the organisation

* Role The resporsibility of the organisationinrelationto | M N enumera
the dataset, for example, the aeaor, owner, tion
administrator or distributor of the dataset.

« Alternative organisation | Another name of the organisation which is either in | O N string

name the same language or ancther language

« Function d the Description d the overal role of the organisation. | O 1 string

organizaion

Table 2: Tabular description o the metadata

3.4Annex B: EXPRESS




In this part aformal description d the metadata items using the EXPRESSIlanguageis
given (seetable 3).

ENTITY Organisation

SUBTY PE OF (organization);
abbreviated _name :STRING;
address .organizational_address
dternative_name :OPTIONAL SET OF STRING;
function_d_organisation :OPTIONAL STRING;
INVERSE
roles :SET OF Organisation_role FOR role_of;
END_ENTITY;

Table 3: Theformal descriptionin EXPRESS

In this example the item organisation is defined as an entity in the schema. Its supertypeis
organization, which comes from a diff erent schema. The atributes abbreviated rame,
address alternative_name, and function_d_organisation are defined. Therelationrolesis
an inverse of therelationrole_of in the entity Organisation_role.

3.5Annex C: EXPRESSG
In Annex C, the complete ExpressG schemafor the standard is given.

3.6 Annex D: Examples

In Annex D, two examples are supdied o how metadata shoud be described acrding to
the proposed standard. The structure used is the table of metadata from Annex A.

4. The setting

Students in the curse "Sources of Geoinformation” at the Technica University of Vienna
described eleven dgital spatia data sets using the propcsed CEN standard onmetadata.
The goal wasto test the usability of this proposed standard for avariety of datasets and to
get experiencewith modeling and describing metadata.

Datasets for testing the proposed standard came from four diff erent areas: geodesy,
geoph)acs hydology and geomarketing. Students worked with the foll owing databases:

Coordinate database of Austria
» Parcd database of Austria
* Administrative Boundaries of Austria
* Digital cadastral map
e Terrain database
» Database of the multi-purpose daty map Vienna
» Database of the dty information system Linz
* Levelingand gavity database
* Fresh water well s database
» Water management database - groundwater Vienna
» Geocoding database of Vienna.

The data sources were analyzed in two dfferent ways. The necessary information could
partly be extraded from flyers, papers, or brochures that were given ou by the wlleding
organizaions. More detail ed information was colleded by interviewing the resporsible
people & eat organizaion. The seand fart of the information gathering processoften

* http://www.geoinfo.tuwien.ac at/Department/Courses/GI Q.html (in german)




took considerable time. Data were described byfilli ngin atable taken diredly out of the
standard (Annex A).

Usually, the contaded persons were very interested in the projed and liked to be seleded
as data providers. However, the students noted that some persons were not very interested
in the propaosed standard itself. Thisis, at least partly, due to the fad that the importance of
metadatais gill underestimated.

When formal descriptions of the datasets had been finished, students entered the metadata
into a mmmon database. For this implementation the relational database Microsoft Access
2.0was used.

Our experiencewith the proposed standard is given in the next chapter, the implementation
iscriticaly reviewed in chapter 6.

5. Comments on the proposed standard

A data description wsing the proposed CEN standard provides a useful overview over a
data set. The students got agenerally positive impresson d the proposed standard. Mgjor
problems were nat reported, thoughsome detail s creaed olstades in the processes of
modeling a implementing. After describing their datasets, the students prepared individual
comments on the proposed standard. As the datasets were very heterogeneous, the results
and espedally the difficulties encourtered were dso of agred variety.

5.1Criteria used

A standard shoud be dea, comprehensible, consistent, complete, flexible, and simpleto
use. In ather words, it shoud be eay for the user to apply the standard to a dataset. Only if
astandard is easy to use will it be used.

The documentation shoud be well structured and shoud gve clear instructions how to
derive metadata from geodata.

It shoud be comprehensible, explaining eat step in the definiti ons, and conreding the
diff erent representations.

The various representations of the data description and the use of termindogy throughou
the document shoud be consistent.

The representations shoud be complete but also complement ead ather in the description.
It isespedally important that the examples be cmmplete.

The standard shoud be flexible enoughto acoommodate diff erent datasets, proveniences,
complexities, or cultural differences.

The ease of use criterionrequires adeg understanding o the processof creaing metadata.
Ease of use shoud therefore benefit the most from the experiences madein such a

metadata projed. It is also the dl encompassng criterionin which all other criteria ae
refleded.

Generally, the standard shoud clealy paint out the purpose of metadata and d meta-

databases 9 that users can seethe benefit and be prepared to produce and use meta-
databases.

5.2 Application of criteria

» Structure and clarity

The description d the proposed metadata standard is not very homogeneous. A verbal
description canna easily give the full i nfformation that is detailed in aformal language.
This means that the verbal description shoud be cmmplemented with EXPRESSand
EXPRESSG descriptions. At least, the verbal description shoud be structured the same
way as the EXPRESSdescriptionis.



The proposed standard describes how metadata shoud be defined. It does naot give
instructions for its use. Thisis a serious impediment to the use of the standard in its current
form. This shortcoming may be dleviated with the forthcoming reference framework and
other explanatory documents from CEN TC287.

e Comprehensibility

The relations of the diff erent representations are partly made dea in the verbal
description, where the mnredions between definitions and the graphica representations
are given. The representations soud be placed side by side to clarify their equivalence
The use of some expressons or examples obscures rather than hel ps the propased standard.
For instance, theitem Spatial Reference of Metadata presumably means. the locaion,
where the metadata will be avail able, thoughthisis nat evident from the textual definition.
It isnecessary to knov EXPRESSor to consult amanual to understand these expressons
and their meaning.

Some expressons are nat clea, even when provided with examples. For instance, three
types of structure primitives are given withou further explanations of their meaning. The
meaning d these structure primitives needs to be extraded from ancther standard. Again,
this problem may be somewhat reduced orcethe complete family of standards is avail able.

When technica terms are used, they have to be defined very carefully. For instance, the
parameters required when describing the reference dli psoid are not clealy stated.

» Consistency

The proposed standard has sme inconsistencies in type definitions and with missng o
redunchnt relationships. For example, apictureis of typeimagein ore aanex and d type
string in ancther.

Inconsi stencies between the EXPRESSand the EXPRESS G model will not occur, when
the EXPRESSG will be diredly derived from the EXPRESSmodel. All other relations
between the representations must be dhedked for consistency.

o Completeness

The representations shoud be cmplete in themselves but they shoud also complement
ead aher. Thiscriterionisnot yet satisfied.

For instance, some definitions like feaure type and attribute type in the introduction are
misgng and the examples given in Annex D are incomplete.

Definitions $houd be given in the same document and ke & concise & posgble. Only if
they need to be cmplex, they may be left out and the user referred to ather documents.
Currently, misang definitions and the need to look them up at different placesis a serious
impediment to the eae of use of the standard.

* Flexibility

Considering the diversity of the data sets described, the propased standard proved to be
very flexible. It was ometimes hard to find ou from the document if or why certain items
are mandatory or optional. In these cases, the dedsion shoud be in favor of the more
flexible solution. For example, the item suppat services is mandatory. But many
organizaions do nd have further services avail able, so thisitem shoud be optional.

» Easeof use

From the standard document, it is easy to understand the ideaof the standard and its
purpose. It is hard to understand the detail s of applyingit to ared dataset. The tricky parts
arein the detail s of the speaficaion language. For example, one neeads a better knowledge
of EXPRESSto understand all the implications of the formal spedficaions.

Ease of use dso requires smple words and ideas. The user of astandard shoud beincited
to work with it. Simpler termswould often have dore abetter job. For example, the



expresson spatial reference of metadaa presumably means smply the locaion d the
meta-dataset.

6. Implementation

People of various disciplines want to use geodata for diff erent applicaions. Tofind od if a
certain dataset fitstheir needs, users have to browse the data. One way to doso, is
guerying and looking througha database. With a meta-database, users will find the desired
information within ashorter period d time. Thisis amajor improvement over looking
throughall kinds of flyers and krochures.

Another advantage of using a database is the posshility to look for speafic sets of
metadata. This can be dore with queries. In SQL the query 'SELECT dataset_title FROM
meta-database Austria WHERE

Administrative_Metadata Abbreviated _arganisation_reme =BEV' would retrieve the
metadata of all datasets that belongto the Austrian Federal Mapping Agency (BEV,
Bundesamt fur Eich- undVermesaungswesen).

This projed used the relational database Microsoft Access2.0to implement the sets of
metadata. Entitiesin the form of tables containing various attributes had to be aeaed and
relationships with cardinaliti es between the tables defined. The dataset title was used as
key (seefigure 2). Whil e implementing the metadata we founda major problem:
EXPRESSuses sme @mncepts of objea-orientation, which could na easily be
implemented into arelational database. Therefore, the tables do nd exadly correspondto
entiti es of the EXPRESSmoddl.
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It was also na posgble to implement data types like lists or sets with Microsoft Access
2.0. These data types had to be implemented by reaursive decompasition to conform to the
normali zationrules. Thereisageneral problem to describe standards with some sort of
objeda-oriented language, when there ae basicdly only relational databases on the market.

Another problem isthe imposshility of usingtwo dfferent data types for the same
attribute. The proposed standard states that when informationis not avail able, then this
shall be described as "noinformation avail able". When trying to write thisinto a clumn of
atable which demands an integer type the user will not succeel. Some studentstried to
avoid this problem by inserting nul values. But null valuesin databases have to be
handed with care and lead to additional problems: what is the value of an undsfined value
in mathematica expressons, how is an attribute with anull value handed in joins, is there
any dfference between nul values? These questions arise becaise anull value can be seen
either as an unknavn or as an arbitrary value [Duerr, and Radermader, 199Q. These kinds
of difficulties have to be overcome before adatabase like Microsoft Access2.0can be
used.

The next step of the implementation processwill beto conred the meta-database to the
World Wide Web (WWW). This shoud happen as soonas we have revised the metadata
andreceved permisgon from the data suppiers. Accessto the meta-database will be
provided througha web-based query form.

7. Discusson and Future perspedives

Metadata is the arrent approach to suppy informationto users onthe purpose and
usability of spatial data wlledions. Metadatais data ébou data and helpsto deddeif the
data from spedfic sources are usable for another purpose than the one they were originally
colleaed for.

Discusgons onthistopic have led to various definitions of standards and to the aedion o
some meta-databases. The processof defining metadata is often described abstradly and
documented experiences with the wlledion, dfinition, and storage of metadata ae
missng.

In this paper we described how agroup d students coll eded and described severa
metadata sets. We commented onthe aurrently propcsed CEN metadata standard and
criticdly reviewed the modeling and implementation issues that arose.

The standard was foundto be eay to understand, bu not very easy to use. Thisismainly
due to the hidden impli caions of EXPRESS It is necessary to knov EXPRESSto
understand the standard as well asto know how to translate EXPRESSmodels into
implementations. An improved structure of the standard with a better distribution d the
different representations of metadata (text, formal language, graphics) would contribute to
comprehensibility and ease of use.

It isnow necessary to find ou if such ameta-database is redly useful. This could be dore
by loggngwho queried the database and matching with those who used or bough the
data. One wuld also prepare aquestionraire to find ou why datasets are used or not used.

In general, the projed left us with the impresson that we have described the data sources
in gred detall withou necessarily enlightening pdentia users. With al the metadata
avail able in a database, it remains quite unclea whether anybodycan use them to assess
the fitnessfor use of the data sources for an applicaion.

In order to assessthe fitnessof datafor a given application, wsers need more and dff erent
information than the aurrent kinds of metadata provide. Most importantly, they need to
know what operations are suppated bythe data[Kuhn, 1994. Such an approach to
metadata represents a major step ahead from the aurrent state of the at. It has been taken



by the OpenGIS Consortium [Doyle, 1993 and hes, for example, foundmodeling suppat
in the form of functional languages [Frank, and Kuhn, 1995.

One of the unresolved issues in any metadata goproacd isto find ou where metadata ae
locaed. It could require adatabase on meta-databases, i.e. a meta-meta-database. To some
extent, this problem can be solved in the larger context of the World-Wide Web. Geodata
areincreasingly provided onWWW servers by gowernment agencies (e.g., the USGS) or
commercia providers (e.g., ImageNet), thoughthese adivities are till i n an experimental
stage. The main advantages of distribution viathe Web are the low cost of distribution,
high currency of information, pdential market for geodata to milli ons of users worldwide
and 24 houaccess[Vincent, 1995. When geodata ae made avail able on the World Wide
Web, they can serve as distributed repaositories of their own metadata.
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