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Abstract

Although there is a vast literature available on interoperability models, and their
respective interoperability levels, limited research has been carried out on the
development of interoperability models for the implementation of Spatial Data
Infrastructures. This article demonstrates the important role of metadata elements
in the formalisation of interoperability models for the implementation of Spatial Data
Infrastructures. It describes an approach for designing an integrated interoperability
model based on the definition of a common template that integrates seven interoperability
levels. They are: technical, syntactic, semantic, pragmatic, dynamic, conceptual
and organisational levels. A non-hierarchical structure is proposed to ensure the
relationship among these interoperability levels.
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1 Introduction

Information system interoperability occurs at multiple levels within and across
platforms, providing the capacity of interchanging data, services, and applications
among different organisations as well as users (Arms et al. 2002, Gordon 2003). Several
interoperability levels have been proposed to achieve system interoperability, including
technological, syntactic and semantic levels (ISO 2002, Tolk 2003, Turnitsa and Tolk
2006). In a Geographic Information System (GIS) context, interoperability has emerged
as a research issue on computation implementations of geographical data exchange since
a decade ago when eight interoperability levels were identified: these being the information
community and institution, enterprise, application tools, middleware, data store,
distributed computing environment and network (Goodchild et al. 1997). In a Spatial
Data Infrastructure (SDI) context, the Open Geospatial Consortium (OGC) and
International Organisation for Standardisation (ISO) TC211 have played a major role in
improving Geodata and System Interoperability through the specification of object models
and XML schemas to store and transfer data, Open Service Interfaces, and data and
services metadata standards.

The formalisation of interoperability models became essential for developing abstractions
of critical measures for the connectivity of different interoperability levels. NATO
(2004) defined the first interoperability model in the NATO C3 System Architecture
Framework (NC3SAF) based on the general directive of architecture development of
systems, whereas SEI (Software Engineering Institute, Carnegie Mellon University) has
proposed several interoperability models such as the LISI (Levels of Information System
Interoperability), LCIM (Levels of Conceptual Interoperability), SOSI (System of System
Interoperability) and the LCI (Levels of Coalition Interoperability) (Tolk 2003).
Although there is a vast literature available on interoperability models, and their respective
interoperability levels, very limited research has been carried out on the development of
interoperability models for the implementation of Spatial Data Infrastructures (Groot
and McLaughin 2000, Bernard et al. 2005).

In particular, there is no reference to our knowledge of the use of spatial metadata
elements within interoperability models. Metadata elements have previously been
defined as “data about data” (Kildow 1996; ANZLIC 1996, 1997). They have also been
regarded as necessary specifications of a formalism in order to get automated access to
the geospatial data (Najar and Giger 2006), which in turn, enables the interoperability
of systems (Nebert 2004). Up to now, they have been successfully used to organise and
maintain the investment made by an organisation and have provided information to
data catalogs, clearinghouses and data transfers (Nogueras et al. 20035).

This article aims to demonstrate the important role of metadata elements in the
formalisation of interoperability models for the implementation of Spatial Data
Infrastructures. The research challenge is two-fold: (1) to define interoperability levels
developed for application to static non-geographic data in a geographic domain; and (2)
to integrate these levels of interoperability into an integrated model that facilitates the
data, services, and applications exchange among Spatial Data Infrastructures.

The remainder of this article is organised as follows. In Section 2, we elaborate
upon the definitions of the concept of interoperability and its proposed levels, focussing
on the research work carried out in the fields of ICT and GIS. Section 3 outlines our
approach to develop an interoperability model, with emphasis on the pairwise relationships
among interoperability levels. The interoperability model consisting of seven different
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levels is proposed in the context of Spatial Data Infrastructures. In Section 4, we
demonstrate how spatial metadata elements have been classified into one or more
interoperability levels of the proposed model. The results of the classification are discussed
in Section 5. Lastly, concluding remarks and future research are provided in Section 6.

2 The Realms of an Interoperability Model

The aim of this section is to provide an overview of the definitions of interoperability
and how different levels of interoperability have been proposed in the literature based
on different criteria and purposes of use.

2.1 What is Information System Interoperability?

Several definitions have been given over time by standard and policy organisations, as
well as researchers. They vary from focussing on system and hardware components to
services. More recently, the organisational aspect has been introduced in the definition
in order to introduce the procedures and culture of an organisation that allow the
exchange and re-use of information. Overall, the definitions state interoperability as the
ability of different types of computers, networks, operating systems, and applications to
exchange and re-use data and information. Table 1 summarises the main aspects and
measures related to the existing definitions of interoperability.

In this article, we consider the definition of interoperability as proposed by ISO
(2002), in which interoperability is associated to one of the following tasks:

e Find information and processing tools, when they are needed, independent of
physical location.

e Understand and employ the discovered information and tools, no matter what
platform supports them, whether local or remote.

e Evolve a processing environment for commercial use without being constrained to
a single vendor’s offerings.

¢ Build upon the information and processing infrastructures of others in order to serve
niche markets, without fear of being stranded when the supporting infrastructure
matures and evolves.

e Participate in a healthy marketplace, where goods and services are responsive to the
needs of consumers and where commodity channels are opened as the market
expands sufficiently to support them.

2.2 The Underlying Interoperability Levels

The levels of interoperability are a set of criteria and associated processes for assessing
information system capabilities and implementation in the context of the degree of
interoperability required. Several levels have been proposed in the literature (see Table 2
for an overview). Although there are a large number of interoperability levels, it is very
difficult to tell them apart because their classification is highly correlated, and their
definitions have common characteristics with each other.

In general, fifteen levels of interoperability have been distinguished as follows:
Semantic, Syntactic, Technical, Pragmatic, Organisational, Schematic or Structural,
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Table 1 Chronological view of existing definitions of interoperability

Source

Aspect

Measure

IEEE (1990)

OpenGlIS Consortium
Technical Committee (1998)

Miller (2000)

Flater (2002)
Rawat (2003)
Gordon (2003)
NISO (2004)

Woodley (2004)

ALCTS (2004)

Kasunic and Anderson
(2004)

Taylor (2004)

Systems or components of a system
System or components of a system

Systems, procedures and

culture of an organisation

Quality of systems

Network systems

Software, data and solutions
Difference hardware and software platforms,
data structures, and interfaces
Different types of computers, networks,
operating systems, and applications
Systems or components of a system
Systems, units, or forces

to provide services

Systems

Standards
OpenGlS Specifications

N/A

N/A

N/A

Specifications

National Information Standards

Interoperability levels: Semantic,
structural and syntactical

N/A

Service Specifications

System Specifications
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Citations
16
14 1
1217
1071 1

Figure 1 Citation frequency as a measure of research activity in interoperability

Dynamic, Legal, Conceptual, Social, Intercommunity, Political/Human, International, Empirical,
and Physical. Figure 1 illustrates how often these levels have been mentioned in the
literature. It is important to notice that the International, Empirical, and Physical levels
have been cited by only one author; whereas the Semantic interoperability level is the most
referred to in the literature, followed by the Syntactic, Technical, Organisational, Pragmatic,
and Schematic or Structural levels, respectively. The remaining interoperability levels have
been rarely mentioned in the literature.

2.3 Types of Interoperability Models

Within the research domain of information systems, interoperability models define a
common taxonomy that allows meaningful discussion and analysis of different levels of
interoperability. The Software Engineering Institute (2007) has pointed out the potential
benefits of interoperability models as being one of the following:

¢ Define a common vocabulary that allows meaningful discussion and analysis;
¢ Provide hints regarding the structure of solutions; and
e Serve as a basis to evaluate new ideas and assess different options.

The selection of the interoperability levels and how they are related to each other determine
the type of interoperability model. Nell (1996) has recognised the unified, federated and
integrated models of interoperability. The unified models assume that there is a common
metalevel template across constituent interoperability levels, providing a means for establish-
ing semantic equivalence. Using the metamodel, any interoperability level can be translated
into any other. Normalised semantics is established by owners of constituent interoperability
levels. The ISO/IEC JTC1 Semantic Unified Metamodel, SUMM, is an example of a unified
model template. With federated models there is also a common meta-level template, but
in this case, the interoperability levels are required to be dynamically accommodated into
the model rather than having a pre-determined metamodel. Federated models in a name
space are identified as the most difficult defining problem in process interoperability.

With integrated models there is a common template where separate interoperability
levels are associated to make into a coherent whole. Each interoperability level performs
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Figure 2 The integrated interoperability model proposed by Turnitsa and Tolk (2006)
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Figure 3 The Coalition Model (from Tolk 2003)

separate functions with communication and data sharing being performed by standardised
routines and using common databases. The integrated approach is usually based on the
creation of a hierarchical relation among the interoperability levels that represent the degree
of capability for interoperation. The result is the creation of a hierarchical relation between
the interoperability levels that represent the degree of capability for connectivity (Figure 2).

Tolk (2003) has also proposed the Coalition Model in which different aspects are
needed for implementing the relations between the interoperability levels (Figure 3). He
also stresses the important role of a common unified language for the integration of the
interoperability levels from technical up to organisational.
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Table 3 Integrated interoperability models in GIS (adapted from Goodchild et al. (1997)
and Shanzhen et al. (1999))

System Interoperability characteristics
Institution or information Policy, culture, value

community
Enterprise Agreements, consensus
Semantics Semantics translator, metadata

Geographic information formalisation system

Service, Application, Cooperation, coordination, services,
Tools, Middleware Distributed objects, OpenGIS
Resource Data, virtual database,
Transformation, Data store MultiDatabase OGC warehouse framework
Resource discovery Metadata, digital libraries, catalog, clearinghouse

Access Network —|

People [ Polyce J Data

Standards

Figure 4 The components of SDIs (from Rajabifard and Binns 2004)

In a GIS context, the proposed integrated models are also based on a hierarchical
relation of interoperability levels (Table 3). Shanzhen et al. (1999) actually suggests the
use of metadata attributes for resource discovery and semantic systems.

Integrated models based on non-hierarchical structures open up new research issues
since an overview of the structural as well as the specific composition of the various
interoperability levels should be defined by users. Users are required to predetermine the
interoperability levels and place procedures and measures for the necessary communication
to occur within an application domain. In the SDI context, integrated models of
interoperability are currently non-existent although users already have to deal with data
through dynamic access networks, standards and policies (Williamson et al. 2003).
Figure 4 illustrates some components of SDIs.

At the moment, users need to access data in a transparent mode, and as a result,
both technical and semantic levels of interoperability are usually defined in order to
support an access network, which in turn, can enable systems to communicate. Moreover,
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standards and specifications are being used to ensure syntactic, pragmatic and semantic
interoperability. Organisational interoperability is mostly defined by organisations
through their data policies. Data access is related to most of the interoperability levels.
Conceptual interoperability is achieved through data models; meanwhile semantic
interoperability is achieved through the meaning of data. In contrast, grammar is being
used to encapsulate data for syntactic interoperability. The dynamic context of SDI is
definitely related to the dynamic and pragmatic levels of interoperability. Both levels
enable SDI users and compound services agents to locate and couple data services.

3 Common Template for Interoperability

Any integrated model scenario should assume the non-feasibility of successfully and globally
defining the measures for the association across all interoperability levels. Our proposed
approach is based on the definition of a common template that integrates interoperability
levels. The degree of successful integration will not depend on a hierarchical structure
of these levels. On the contrary, a non-hierarchical structure is proposed to ensure the
integration among interoperability levels.

We propose a common template which is supported by the types of interoperability
proposed in the literature, with the aim of defining an appropriate taxonomy of types
of interoperability within the SDI context. This common template will enable us to carry
out a multi-relational analysis based on different metadata elements that are relevant in
the SDI context.

We will begin our analysis with the least mentioned types of interoperability:

e The physical and empirical interoperability layers proposed by van Assche (2006)
deal with the aspects related to e-learning and they have a bearing on the aspects of
interoperability related to the interaction between man and machine in the learning
process, and in the amount and variety of information offered to the student in the
setting of online teaching. They are pertinent only in this domain and not in the SDI context.

e The levels of international, political/human, social/cultural, intercommunity and
legal interoperability may be incorporated as aspects involving the institution and/
or the organisation. The legal aspects are in many instances beyond the competence
of the institutions since they are imposed by regulations coming from higher authorities,
such as the national laws for communities and regions and the international laws
for nations. The cooperation is an aspect affecting both institutions and organisations,
allowing them to define the interrelations at the regional, national, intercommunity
and international level. Taking into account these views and the relevance of the
opinions and conclusions of the expert group, who mention this type of interoperability
as the most difficult to reach (Goodchild et al. 1997), these aspects have been
included in a sole level under the name of ‘organisational’.

e The schematic or structural aspects mentioned by Goh (1997), Shekhar (2004), and
Nowak and Nogueras (2005) may have already been included in other types of
interoperability. As an example, Nowak (20035) identifies a lack of schematic or
structural interoperability among the different data models. This lack of interoper-
ability may also be considered as a lack of conceptual interoperability, since in many
cases the definition of the data model is not described with modelling languages that
would make the model independent of its implementation. Goh (1997) and Shekhar
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(2004) also deal with these aspects, even though they might be deemed syntactic and
conceptual aspects — when we consider the data and metadata models as mechanisms
that allow sharing the data schemes.

Therefore, a common template consisting of seven interoperability levels has been
defined in our proposed integrated model. They are: technical, syntactic, semantic, pragmatic,
dynamic, conceptual and organisational:

1. Technical Interoperability: Like Turnitsa and Tolk (2006), we define technical
interoperability as the one enabling the interconnection of systems through common
communication protocols allowing information exchange at its most basic level: bits
and bytes. The aspects making technical interoperability possible are those of the
systems that get interconnected, both at the hardware and software level (IDABC
2006), the communication infrastructure, the communication protocols allowing
both systems to establish communication and information exchange, regardless of
format, meaning of the information and distributed computation capability. It copes
with bardware and firmware requirement and lower communication protocols,
referred to as means of integration enabling integratability of components
(Antonovic and Nowak 2006, Yilmaz and Tolk 2006). We have identified some
examples related to SDI, including character sets, character encoding, file identifiers,
computer environment descriptions, file names, services types and version, transfer
size, format name and versions, medium name and density, links, and protocols.

2. Syntactic Interoperability: Syntactic interoperability is about the information exchange
between systems by using a common data format or structure, language, logic,
registers and files. Aspects allowing syntactic interoperability include the standards
or format specifications which structure information, so that the information could
be processed and interpreted. Thus the XML formats together with the data schemas
(XSD or DTD) or the widely used standardised graphic formats (JPEG, TIFF, PNG)
may be regarded as elements supporting syntactic interoperability. We have identified
most of the OGC XML Schemas for Web applications and Web Services (WFS,
WCS, CS-W, WPS, SOS), data encoding languages (GML, O&M, SensorML,
TML), defining portrayal Styles (SLD) and filtering features encoding language (FE).

3. Semantic Interoperability: Semantic interoperability is about information exchange
using a shared, common vocabulary that avoids inaccuracies or mix-ups when interpreting
the meaning of terms. Mechanisms or tools supporting semantic interoperability are
the standards or specifications defining information exchange schemas and the
unambiguous meaning of every element. Some references to mechanisms supporting
semantic interoperability include the Web Service Description Language (WSDL)
and the Simple Object Access Protocol (SOAP) at the level of service interconnection,
the Geographic Mark-Up Language (GML) for the transfer of vector Gl, the Style
Layer Description (SLD) for definition of a visualization style, the Common Query
Language or Filter Encoding (ISO19143) for queries and filters. Most of ISO 191xx
standards include a common vocabulary and a great number of controlled lists of
terms that can help to share a common meaning. The Metadata standard ISO19115
contains almost 24 code and enumeration lists. Finally, the INSPIRE initiative is
defining some rules to classify spatial data themes into topic categories and semantic
coding for services types (INSPIRE Metadata IR 2008).

4. Pragmatic Interoperability: Pragmatic interoperability is about interconnected sys-
tems knowing each other, so they are able to exploit application/services interfaces,
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to invoke methods or procedures, and handle the data they need to exchange with
other systems. An important aspect of this type of interoperability is that it makes
system negotiation possible. In order to reach this type of interoperability, it is
required for the service interfaces to be flawlessly defined. It is also required that
both the methods that can be invoked and the data to be exchanged be known.
Mechanisms supporting pragmatic interoperability are the standards and service
specifications and/or applications such as the Standard 1SO19128 (Web Map Service
Interface), ISO19142 (Web Feature Service), and the OGC service specifications
(WCS, CS-W, SOS, WNS, WAS, LSB). The OGC Services shares a common operation
getCapabilities that enables other services to query the capabilities of the service in
terms of implemented operations and get access to point of services.

5. Dynamic Interoperability: The dynamic interoperability allows the systems to monitor
the running of the other systems and to respond to the changes in the transfer of
information by taking advantage thereof. Aspects of dynamic interoperability are
the service dynamic exchange capability, the possibility of switching from the use of
one service to another, if the former does not cover the required needs or it is no
longer available. To that effect, the systems have mechanisms allowing them to
monitor the functioning of the network and other services and at the same time to
be able to dynamically discover the existence of services complying with the require-
ments called for. This level entails a powerful semantic component supporting
service discovery based on information describing services (service metadata). At
this level, the INSPIRE Metadata Implementation Rules (IR) regulate the use of the
value domain of spatial data service types such as discovery, view, download, and
transformation. They are also invoked in such a way that a service type can be
identified (OGC:CSW, OGC:WMS, OGC:WFS, OGC:WCS, OGC:WCTS, and
OGC:WPS). Finally, INSPIRE has also classified spatial data themes annex of
Directive 2007/2/EC into a topic category metadata element for keeping the reliability
of dynamic service interchange (INSPIRE Metadata IR 2008).

6. Conceptual Interoperability: Conceptual interoperability is about knowing and
reproducing the functioning of a system based on documentation usually articulated
in a format as used in Engineering. Aspects of conceptual interoperability are those
describing data and system model in the shape of standardised and interchangeable
documentation from an engineering viewpoint, regardless of the model utilised to
describe it. Description by means of UML, the data model from a repository of data
sets or the model provided by a service makes this type of interoperability possible. Some
standardised services of OGC such as OGC-WFS can provide a conceptual description
of the features managed as a response to a describeFeatureType request. In this case,
the conceptual description is retrieved in the GML Application schema format. On the
other hand, organisations are also using Modelling or CASE tools that can interchange
class diagrams (UML), restrictions, and comments based on a common format such
as XMI (XML Metadata Interchange), which in turn, is independent of the CASE tools.

7. Organisational Interoperability: The organisational interoperability allows knowledge
of business targets, process models, regulations and policies of access and use of
data and services (SAGA 2006). We should also mention the aspects related to
expectations, contracts and culture. Aspects of organisational interoperability are
the knowledge and understanding of the policies of access and use of data and/or
services, the personal or institutional responsibilities, the objectives and goals pursued
by the organisation when creating data or providing services. Most of this knowledge
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Semantic Pragmatic

Syntactic Dynamic

Technical Conceptual

Organisational

Figure 5 The common template for our integrated interoperability model

about goals, responsibilities, access and use polices are considered as constraint or
identification information that is useful to evaluate use of metadata elements.

Concerning the existing relationships between the different levels of interoperability,
we argue that they are not necessarily hierarchical, as proposed in the literature. Our
hypothesis is the existence of different types of relationships — not only hierarchical —
between the different levels of interoperability (Figure 5). As an example, our assumption
is that in order to reach the conceptual interoperability, for which the data models and
the application schemas are most important, the syntactic and semantic interoperability
are necessary, although the pragmatic or dynamic interoperability levels do not appear
to be needed. We could find another example with regard to legal issues, such as intellectual
property and use constraints. In order to be able to handle these issues, a syntactic and
semantic interoperability is required, but that is not the case for the conceptual, dynamic
or pragmatic interoperability. Both examples reveal that the dependency relationships
between the levels of interoperability are non-hierarchical in nature.

As the outcome of this common template and its use in the documentation of
datasets, as well as relying on the Intermodel5 Model proposed by Shanzhen et al.
(1999) — where at least two interoperability roles for the metadata were suggested
(resource discovery and semantics) — it is our premise that metadata elements can be
used to implement such relations of interoperability levels of an integrated model, which
in turn, will uphold our hypothesis.

4 Classification of Metadata Elements

The metadata elements have been classified accordingly to an interoperability level of
our integrated model. In this section, we summarise the classification carried out for the
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ISO 19115-19139 metadata elements. The 1SO19115 metadata standard foresees a
high, variable number of elements that may reach up to 400. In order to be consistent
with the standard, we have opted for the structure in packets and elements classes.
Spreadsheets have been used to show the element names together with a brief description.
In addition, every element of the standard has been classified into one or more interop-
erability levels. Finally, for the standard core elements — and in many other cases — a
textual justification of the adopted classification has also been provided.

4.1 The Criteria Used for the Classification

Table 4 shows an example of classification for the packet of metadata elements named
as MD_Metadata. The first column indicates the name of the metadata element
designed by ISO in its standard, the second column indicates the description of the
element, and the next seven columns indicate the different possible interoperability
levels for that particular metadata element. The boxes identified in red indicate that the
metadata element is mandatory, according to the standard. The cells in orange identify
conditional metadata elements.

4.2 The Relationships between Interoperability Levels

We have considered pair-wise relationships between interoperability levels to achieve a
coherent grouping of metadata elements. These relationships support a non-hierarchical
structure of interoperability levels that can also reveal the interchange intensity between
them. Indeed, if we have relationships fixed and keep adding or subtracting metadata
elements, the classification process will change the intensity of the existing relationships.
The ideal situation will be when all relationships between interoperability levels are in
equilibrium. For example, existing weak relationships might have an increase of intensity
due to new metadata specifications. Table 5 summarises some of the main aspects of the
pair-wise relationships within our integrated interoperability model.

5 Results and Discussion

The objective here is to show the results of the classification of the metadata elements
marked as ‘core’ in the metadata standard ISO 19115. Table 6 illustrates an example of
the classification carried out to identify the types of interoperability supporting each one
of the ISO 19115 core metadata elements. The same classification procedure has been
applied to the all the remaining ISO19115 metadata elements. Unfortunately, the
number and length of the results means it is not possible to display all of the results in
tables in this article.

5.1 The Owverall Classification Results

The overall results of the classification of the ISO19115 core metadata demonstrate the
current emphasis on semantic, dynamic and organisational interoperability levels within
our integrated model (Figure 6). The existence of a large number of metadata elements
for each of these interoperability levels imposes requirements for semantic equivalence
across the other interoperability levels as well. Therefore, our integrated model has

© 2009 Blackwell Publishing Ltd
Transactions in GIS, 2009, 13(1)



(L)€L ‘600T ‘SID ul suondesuel|

p11 Sulystignd [[emyRe|gd 6007 O

Table 4 Metadata classification schema

E
— S
T s g £ ¢ £ o3
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fileldentifier X X
Language X X
characterSet X X
Parentldentifier file identifier of the metadata to which this metadata X X
is a subset (child)
hierarchyLevel scope to which the metadata applies X X
hierarchylLevelName name of the hierarchy levels for which the metadata
is provided
contact (Cl_ResposableParty)
dateStamp X X
metadataStandardName X
metadataStandardVersion X
dataSetURI Uniformed Resource Identifier (URI) of the dataset to X X X

locale (PT_Locale) (ISO19139)
spatialRepresentationinfo
(MD_SpatialRepresentation)
referenceSysteminfo
(MD_ReferenceSystemInfo)
metadataExtensioninf (EX_Extent)

wich the metadata applies

digital representation of spatial information in the dataset

information describing metadata extensions
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Table 4 Continued

Packet
Element

MD_Metadata
Description

identificationlnfo (MD_identification)
contentInfo (MD_Contentinformation)
distributionInfo (MD_Distribution)

dataQualitylnfo (DQ_DataQuality)

portrayalCataloguelnf
(MD_PortrayalCatalogueReference)

metadataConstrains (MD_Constraints)

applicationSchemalnf
(MD_ApplicationSchemalnformation)

metadataMaintenance
(MD_Maintenancelnformation)

PT Locale

language
country
characterEncoding

provides information about the feature catalogue and
describes the coverage and image data characteristics

Aujiqesadoiaiu) jo japopy pajeiSau) ue spiemoy

provides information about the catalogue of rules
defined for the portrayal of a resource(s)

provides restrictions on the access and use of metadata
provides information about the conceptual schema of
a dataset

provides information about the frequency of metadata
updates, and the scope of those updates

Defines the locale in which the value (sequence of
characters) of the localised character string is expressed

Designation of the specific country of the locale language
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Table 5 Examples of pair-wise relationships between interoperability levels

Type of pair-wise

relationship Role in the SDI context
Technical vs. Pragmatic Demonstrate the automated support for
data/service access, exchange and communication
Technical vs. Dynamic Allow the dynamic evaluation of the use of data
and services
Syntactic vs. Pragmatic Provide the description of data sets
Semantic vs. Technical Inform about the storage support
Semantic vs. Pragmatic Demonstrate status, constraints and representation
type of the data sets
Semantic vs. Dynamic Increase quality of results of service search
Semantic vs. Conceptual Provide information about the context of data sets
Semantic vs. Organisational Inform about roles and responsibilities
Organisational vs. Dynamic Facilitates the use and re-use of data and
exploitation of services
Pragmatic vs. Dynamic Inform about the suitability of SDI
90
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Figure 6 Overview of results of the entire classification of ISO19115 core metadata elements
per interoperability level

contributed to establish the ISO19115 core metadata elements that might be present in
all interoperability levels in the future.

Moreover, we have identified some metadata elements that promote technical
interoperability, providing information useful to enable communication and data
interchange. Some of them are: file identifier, character set, file name, protocol, linkage,
transfer size, format name and version, medium name, density, and volumes. In terms
of syntactic interoperability, our model has identified metadata standard name and
version as the main metadata elements that handle this type of interoperability. In fact,

© 2009 Blackwell Publishing Ltd
Transactions in GIS, 2009, 13(1)
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Table 6 Example of designated Interoperability levels of ISO 19115 Core Metadata

Metadata
Elements

fileldentifier

Language

characterSet

parentldentifier

Mandatory/
conditional

.

T g g % g 203

é s g £ 3 S O  Results and Comments

X X Technical: identifier associated to the file and metadata file
system. Intended to avoid maintenance and management
problems in databases.
Pragmatic: allows dynamic handling of metadata by
identifiers: collection, maintenance.

X X Semantic: term of a list identifying language of metadata.
Organisational: enables language negotiation in business
models.

X X Technical: allows correct handling of bytes from the metadata
register.
Semantic: identifies univocally encoding type on the base of
a list of controlled terms.

X X Technical: identifies univocally the parent node in the

hierarchical relation and makes access to metadata possible.
Pragmatic: allows automatically browsing through metadata
relations
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Table 6 Continued

g
== _ = 2
S S It 0 3 2 3 2 =
s £ 0% £ F O£ § 2
Metadata 2 T < g E %’ @ o s
Elements § S 2 Iy 2 & & S O  Results and Comments
hierarchyLevel X X X Semantic: in the form of a controlled list, identification is
made of which hierarchical level the metadata applies to.
Conceptual: defines conceptually the element the metadata
applies to: dataset, series, etc . . .
Organisational: Allows structuring and negotiation of
metadata granularity.
hierarchyLevelName X Organisational: defines name or identifier assigned to the
dataset by the responsible organisation.
contact (Cl_ResposibleParty)
dateStamp X X X Semantic: allows correct interpretation of date.
Dynamic: allows metadata filtering by date of creation.
Organisational: preserves chronologically knowledge in the
organisation.
metadataStandardName X X X Syntactic: defines syntax.

Semantic: defines meaning of elements.
Organisational: defines standard of metadata and its
negotiation.
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very few metadata elements were classified into the syntactical interoperability level.
The results of the classification confirm that only six metadata elements have provided
this type of interoperability.

In the ISO19115 Metadata Standard there are 24 code and enumeration lists (topic
category, topological level, spatial representation type, metadata scope, restriction,
progress, obligation, medium name and format, maintenance frequency, role, evaluation
method, presentation form, online function, and data type) that provide common mean-
ing and interpretation criteria, and as a result, they promote semantic interoperability.

A high number of metadata elements supporting the pragmatic interoperability level
were not foreseen since the ISO19115 Metadata Standard is mainly developed for the
description of datasets and to a lesser extent services. The pragmatic aspects are mainly
related to the use of the methods exposed by the services. Therefore, the results of the
classification indicate that only 24 elements were identified as supporting the pragmatic
interoperability level.

We have classified the following metadata elements within the dynamic interoper-
ability level: metadata date stamp, dataset status, spatial representation type, keywords,
scale, access constraints and use limitations, spatial reference information, topologic level,
dimension name and size, identifiers, format name and version. Fewer metadata elements
have been identified at the conceptual level; they were hierarchy level, association
and initiative type, schema and constraint language, schema ASCII and software
development file format. Finally, several metadata elements have been identified at the
organisational level, including the information related to business process and legal
aspects. Some examples are: dataset and metadata language, dates, responsibilities,
lineage, quality reports, security, legal and other constraints, purpose, and supplemental
information.

5.2 The Interoperability Relationships

Concerning the relationships between the different levels of interoperability, the results
have shown that they are not necessarily hierarchical in an integrated model. Table 7
summarises the total number of core metadata as well as all ISO 19115 metadata elements
which have been used to determine the relationships among the seven interoperability
levels proposed in our integrated model.

The results also demonstrate that the relations between interoperability do not exist
among all levels according to the ISO19115 core metadata. For example, the syntactic
and conceptual interoperability levels are currently the less related levels in our integrated
model (Figure 7). New core metadata elements need to be defined in order to increase
the intensity of such relations among these interoperability levels.

Figure 8 illustrates the results obtained from the classification of all metadata
elements specified in the ISO19115 standard.

The metadata elements quantify the relational interchange intensity among different
levels of our integrated interoperability model. However, they do not support 100% of
the envisaged relations in the model yet. Specially, the ISO19115 standard is ineffective
on the specification of metadata elements for the relations with the conceptual inter-
operability level. On the other hand, the interrelations among the organisational, semantic
and dynamic are supported by over 25% of the current standard metadata specifications
(Figure 9). It is important to notice that such a strong relation does not occur with any
other interoperability levels.

© 2009 Blackwell Publishing Ltd
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Table 7 Metadata elements which define the relations between interoperability levels

Technical Syntactic Semantic Pragmatic Dynamic Conceptual Organisational

(a) Core Metadata ISO 19915

Technical 8 0 4 2 3 0 3
Syntactic 0 3 3 0 1 0 2
Semantic 4 3 40 0 28 1 29
Pragmatic 2 0 0 4 2 0 1
Dynamic 3 1 28 2 31 0 23
Conceptual 0 0 1 0 0 1 1
Organisational 3 2 29 1 23 1 43
(b) Metadata ISO 19915

Technical 32 3 11 8 10 0 22
Syntactic 3 6 3 3 4 0 3
Semantic 11 3 196 4 127 6 181
Pragmatic 8 3 4 24 21 0 19
Dynamic 10 4 127 21 151 0 143
Conceptual 0 0 6 0 0 7 7
Organisational 32 3 181 19 143 7 229
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Syntactic Conceptual
Technical Technical
Organisational Syntactic Organisational Syntactic
Conceptual Semantic  Conceptual Semantic
Dynamic Pragmatic Dynamic Pragmatic

Figure 7 The pair-wise relations of syntactic and conceptual interoperability levels according
to the ISO19115 core metadata

. Technical @

Organisational Syntactic
Technical
Organisational Syntactic
Conceptual Semantic
Dynamic Pragmatic
Conceptual Semantic
Dynamic Pragmatic

Figure 8 Overview of the results of the potential relations of interoperability levels according
to the ISO19115 full metadata
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Syntactic

X

Organisational

Dynamic

Syntactic {  Dynamic

[

Conceptual

High
—  Medium
— Low

Conceptual

High
—  Medium
— Low

Organisational

(a) Core Metadata ISO19115
(b) Metadata ISO19115

Figure 9 Overview of the resulting pair-wise relations of our interoperability model

6 Conclusions

One of the main reasons for developing integrated models is that by sharing a sound
conceptualisation the potential misunderstandings and inconsistencies should be reduced.
On the other hand, carrying out a sound and complete classification of metadata elements
is far from trivial, and defining, evaluating, and adopting new measures is not an easy
task. In addition, a global convergence to a small set of universally accepted interoperability
levels is unlikely to occur soon and suggests that we will probably keep going with many
heterogeneous, yet coexisting, interoperability levels. Nevertheless, at the current state
of the art, and although Spatial Data Infrastructures are rapidly becoming a reality, the
adoption of integrated models to address the interoperability issue will remain a
research issue. Many kinds of difficulties hinder the acceptance of integrated models.
Above all, we believe that the lack of awareness of what an integrated model is, why it
is important, and how it could be used, constitute the most significant obstacles in
supporting interoperability models in the SDI context. Integrated interoperability
models can help developers of Spatial Data Infrastructures to deliver better services. We
hope this article will achieve this understanding.

The results have confirmed our initial hypotheses concerning the pair-wise relationships
between interoperability levels. In the SDI context, a small number of metadata elements
were concurrently classified into technical and syntactical, semantic, conceptual and
organisational interoperability. The results of the classification have shown that no
metadata element has been concurrently classified into all the five interoperability levels.
This was expected since the aim of each one of these five types of interoperability is
quite different (i.e. raw data interchange, formats, meaning and the qualities, models
and aspects related to the business logic).

On the other hand, it was expected that a significant number of metadata elements
would be concurrently classified into technical, pragmatic and dynamic interoperability
levels. This hypothesis was based on the usefulness of the pragmatic aspects to achieve
the exploitation of data and on the usefulness of the technical aspects to access data or
exploit the services from the pragmatic point of view. The results of the classification
have confirmed this hypothesis since there was 13.9% (21/151 — medium intensity) of
elements supporting the dynamic-pragmatic relationship, and 28.5% (6/21 — medium
intensity) that supported the dynamic-technical relationship.

© 2009 Blackwell Publishing Ltd
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In addition, since the objective of metadata is to document and facilitate the use of
data, it would be rational to contend that the metadata elements supporting semantic
interoperability can also support other types of interoperability, especially the dynamic
interoperability. The results of the classification have shown that the metadata elements
supporting semantic interoperability (196) also provide dynamic (127/196 — high intensity)
and organisational (181/196 - high intensity) interoperability levels as well. Whereas the
remainder of the values may appear barely significant — e.g. technical interoperability
(11/196 — medium intensity) — the weight of these 11 elements within all of the elements
supporting technical interoperability (33) has to be taken into account.

It is also interesting to point out that a high number of metadata elements have been
found to concurrently provide the pair-wise relationship between the pragmatic and
dynamic interoperability levels. The results of the classification have shown that 87%
(21/24 - high intensity) of the metadata elements facilitate such a relationship. In
contrast, the relationship between the pragmatic and conceptual interoperability levels
is non-existent, since no metadata element has been concurrently classified at both types
of interoperability levels.

Finally, an integrated interoperability model demonstrates that interoperability is
much more than just connectivity among systems. The results illustrate that the inter-
change intensity among different interoperability levels through metadata elements is
essential to support the integration. Therefore, users must predetermine the interopera-
bility levels and place the metadata elements for the necessary integration to occur within
an application domain. In other words, Spatial Data Infrastructures must of necessity
be connected, but they may not be integrated. It is important to distinguish between
these fundamentally different concepts of connectivity and integration, since failure to
do so sometimes obscures the debate over how to achieve interoperability. For this
reason, developing and applying precise interoperability measures, such as metadata
elements, is vital for ensuring the integration of Spatial Data Infrastructures.

Future research work will be to verify the proposed integrated model, making sure
that the metadata elements act as intended to integrate the interoperability levels that
have been designed for. This will generally involve trying the integrated model against
a number of information systems, such as historical GIS, territorial information systems,
and spatial planning information systems.
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