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Abstract. SeaDataNet is an EU funded project aiming to vides transparent access to marine data sets and data prod-
create and operate a pan-European, marine data infrastruccts from 36 countries in and around Europe. Hence, it must
ture for managing the large and diverse datasets (i.e. tempedevelop a standardized distributed system for managing the
ature, salinity current, sea level, chemical, physical and biodarge and diverse datasets (i.e. temperature, salinity current,
logical properties) collected by the oceanographic fleets andea level, chemical, physical and biological properties) col-
the new automatic observation systems. In order to make théected by the oceanographic fleets and the new automatic
SeaDataNet system compliant with the INSPIRE Implement-observation systems. By use of standards for communica-
ing Rules for discovery service, an ISO 19139 encoding oftion and new developments in information technology, the 40
the SeaDataNet Common Data Index (CDI) metadata modeih-situ and satellite marine data platforms of the partnership
was defined. Moreover, the problem of heterogeneous datprovide metadata, data and products as a unigue virtual data
sources has been addressed. In fact, a widely used system céntré. The core of the SeaDataNet infrastructure is com-
SeaDataNet partners and oceanographic-marine communityosed of some discovery services (e.g. EDMED, EDMERP,
is THREDDS/OPeNDAP; this raises up the problem of fed- EDMO, CSR, EDIOS) and the Common Data Index (CDI)
erating into SeaDataNet framework THREDDS/OPeNDAP a metadata model for geospatial resources encoded in a pro-
systems as well. In this paper we describe an interoperabilityprietary XML schema.

framework to access resources (i.e. data and services) that are The tradition of creating formal data centres to house and
available through CDI and THREDDS/OPeNDAP services. distribute ocean data and products has long been shadowed
The proposed solution implements a common catalog interby the parallel existence of direct data downloads from re-
face to discover and access the two heterogeneous resourcesarch groups (usually via HTML page-links and/or FTP
in a common way. This catalog service is fully distributed servers). Historically, at least half of the data available to
and implements international standards as far as geospatiabsearchers has been provided outside the IODE/World Data
information discovery and query are concerned. The develCenter System faciliti€s(Parker, 1992). During the last
oped solution is called Gl-cat and was experimented in thedecades efforts have been dedicated to create a new sys-
framework of the SeaDataNet European project. tem of Internet communication (e.g. the NASA Data Ac-
cess Protocol, 2007, OPeNDARhe UNIDATA THREDDS

— Thematic Realtime Environmental Distributed Data Ser-
vices; Domenico et al., 2002) that would allow users to ac-
cess distributed datasets directly, using a family of “middle-

SeaDataNet s an EU funded project aiming to create and OIO\gvare services” that overlay datafile caches, allowing retrieval

erate a pan-European, marine data management infrastruc- nttp://www.seadatanet.org/

ture, accessible online through a unique portal. The pri- 2seaDataNet, Common Data Index (CDI), availablehtip:
mary goal of SeaDataNet is to develop a system which pro//www.seadatanet.org/datacess/commadataindex cdi
3International Oceanographic Data Exchaigi://www.iode.

1 Introduction

. org/.
CorreSpond?nce t(ﬁ_' Nativi 40PeNDAP organization: “Welcome to OPeNDAP”, available
BY (stefano.nativi@cnr.it) at: www.opendap.org
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of files in desired formats, no matter what the storage formatnd operating a European Spatial Data Infrastructure (ESDI)
might be. based on the infrastructures for spatial information (SDIs) of
The middleware service adopted by SeaDataNet for disthe Member States of the European Union. To ensure inter-
covery and query makes use of web technologies to exchangeperability, the Directive requires that common Implement-
CDI documents. The CDI metadata model is based on ISOng Rules (IRs) and Technical Guidance (TG) are adopted
19115, a standard model for geospatial resources (Organizder:
tion for Standardization, 2003). Since other data manage-
ment systems based on THREDDS/OPeNDAP are widely — Metadata
used by the oceanogrgphlc-manne Com”?“”"X a}nd "Sea- — TG based on EN ISO 19115 and EN ISO 19119
DataNet partners, there is a clear need to build a “bridge” be-
tween the CDI realm and the THREDDS/OPeNDAP realm. _ Data Specifications
This would allow to discover and access data provided by
both CDI and THREDDS/OPeNDAP systems. This paper — Network Services
presents and discusses a distribgted qatglog solution, based Discovery: TG for an INSPIRE Profile of CSW
on the Gl-cat framework, addressing this issue. 1SO AP
Moreover, since the SeaDataNet project is developed in a
more general European context, it is also necessary to con- — Data and Service Sharing
sider the requirements of the EU INSPIRE Directive (2007)
which represents the European Legislation concerning Spa- — Monitoring and Reporting

tial Data Infrastructures (SDIs) and entered in force on the . lant interf for di .
15 of May 2007. Providing an INSPIRE compliant interface for discovery is

The INSPIRE Implementing Rules (IFsjdentify the Fhus agrucial requiremen't for Se'aDat.aNet aslwell as describ-
OGC CSW I1SO Application Profile (AB)as the reference |ng_ava|lable resources with ancillary information (Metadata)
standard for INSPIRE compliant catalog services. The Wh'Ch complywnh ISO 19115 and 19119 standards and their
specifically describe how to use 1ISO 1913ghemas to en- implementation ISO 19139.
code INSPIRE compliant metadata in a CSW response.

This paper is structured as follows: in the next sections™
brief descriptions of CDI, THREDDS/OPeNDAP and IN- The cDI provides an index (metadatabase) to individual data
SPIRE Directive are provided; after a survey of the mostgets. Furthermore, it paves the way to direct online data ac-
relevant standard discovery and access interfaces used f@ggs or direct online requests for data access or file down-
geospatial information interoperability, Gl-cat is presented|gads: in fact, the primary objective of CDI is to give users
and discussed, detailing especially the mediation aspects g highly detailed insight in the availability and geographical
that is, the solution adopted to achieve data models harmogpreading of marine data across the different data centres and
nization and access protocols adaptation; finally, in the lasinstitutes across EuropeCDI was initiated in the EU Sea-
two sections of this work we describe the successful expergegrch project (Sea-Serch, 2010).

imentations done, the application client we developed for  cyrrently, it is being further developed and extended by

CDI

demonstrating Gl-cat and the conclusions. the SeaDataNet project. All the 36 countries participating
in SeaDataNet are going to utilize CDI for describing their
1.1 INSPIRE marine data.

Directive 2007/2/EC of the European Parliament and of the; 5 1 |50 profile for CDI
Council of 14 March 2007 establishing an Infrastructure for

Spatial Information in the European Community (INSPIRE) SeaDataNet started its work in 2006, basing its metadata
was published in the official Journal on the 25th April 2007. schema upon the 1SO 19115 DTD, the available schema at
This Directive defines the legal framework for setting up that time. Overtime this was replaced with the present CDI
SDrafting Team Metadata and European commission Joint Re-v'l X']YIL schema', b?sed on IS% 133-1-5 ablstract mpdel with
search Centre, “INSPIRE Metadata Implementing Rules: TechnicanECI Ic community features and a Itlona_ Constraln.ts.
Guidelines based on EN ISO 19115 and EN ISO 1911¢”, v.1.1 1 order to ensure the INSPIRE conformity, a possible so-
60pen Geospatial Consortium, Inc. Open@lSatalogue Ser- lution —as explained in thg ngxt sectlon§- can be based on a
vices Specification 2.0.2 — ISO Metadata Application Profile, Ver. front end component publishing th,e available dgta, based on
1.0.0 OGC 07-045. CDI v.1, through a CSW AP ISO interface. This approach
7Organization for Standardization, ISO/19139:200t(E): Geo- '€quires to define an ISO profile for CDI and its ISO 19139
graphic information — Metadata — XML schema implementation. Schema encoding.
International Organization for Standardization, Geneva, Switzer- In our work, the first step consisted in the precise defini-
land. tion of a CDI metadata profile of ISO19115, containing both
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INSPIRE and CDI driven constraints and extensions. Thisery centers —like GCMB DLESEX? and NSDI! — was de-
included the check of all the metadata elements present ifined. The THREDDS/OPeNDAP catalog service augments
CDI and their cardinality. A comparison was then made with traditional MeteoOcean access services such as OPeNDAP
respect to ISO 19115, and possible extensions were individand netCDF (Eaton et al., 2003) access via HTTP. Moreover,
uated. Once this community profile of ISO 19115 was estab-THREDDS/OPENDAP implements access services to bridge
lished, an encoding to ISO 19139 schemas was ready to bthe MeteoOcean and GIS communities, such the OGC Web
defined. Coverage Service interfaces.

The general approach chosen by the SeaDataNet commu- )
nity was to introduce additional constraints to the 1ISO 191392 Distributed catalog services

schema (e.g. to be checked using Schematron or other vali-

dation mechanisms), rather than to define the CDI profile aﬁAccordlng_to the general definition, geospatial data cata-
an ISO 19139 Extension Package. ogs are discovery and access systems that use metadata as

S li taced during the definiti the target for query on geospatial information. Indexed and
everal ISSues were faced dunng the detinilion processqq 5 napje metadata provide a disciplined vocabulary against
Among these: (a) dynamic lists and vocabularies used in th

CDiI could not be easily accommodated in ISO 19139; (b)(zvrh;(;:(;z;e!ggm35322?}@;;?;2&%? be performed within
time resolution information frqm .C'DI v.1l was difficult to ac- Due to the existence of many1disciplinary application pro-
comr_n_odgte as w_eII; () ambiguities bOth in the 150 191_39fi|es, a cross-domain catalog service must be able to address
specification and in the INSPIRE regulations (€.g. regarding, oo aneity as well as distribution. This implies the im-
to the b_oundmg polygon, the language and the role of theplementation of catalog components for query distribution
responsible party) needed. to be SOIVefj' and virtual resources aggregation by applying mediation ap-
Another outcome of this process is the set up of con-proaches. These catalogs may be referred to as distributed
ventions regarding the protocol formats to be used forcatalogs; they must implement distributed discovery func-
a useful machine-to-machine data access. ~Where aljonajities in a fully heterogeneous environment. In fact,
ready registered, Uniform Resource Names (URNS) wergye can assume that both data model and functional protocol

used to identify the proper protocols (e.g. the URN gre heterogeneous requiring mediation approaches: metadata
urn:ogc:serviceType:WebCoverageService:1.0:HTTP” for profiles harmonization and protocol adaptation.

the OGC WCS version 1.0 with HTTP binding); in other ~ |ngeed, the development of distributed catalog solutions
cases, widely used identifiers were adopted as de-facto Stafs 4 present challenge for cross-domain geospatial data in-
dards (e.g. the “HTTP" string for_the W3C HTTP pr(_)tocol)._ frastructures, such as those conceived in the framework
SeaDataNet plans to adopt this new defined profile and itsf well-known cyber/e-infrastructure initiatives, including:
implementation as a replacement of the current data modelNSPIRE (2007), US NSDI (2007), GMES (2004) and

implementation (CDI v.1). GEOSS (2005).
Distributed catalog component may adopt a federated
1.3 THREDDS architecture to connect data and service components dis-

tributing client queries. This approach brings some impor-
THREDDS is a middleware to bridge the gap between datadant benefits, including: great flexibility and scalability, re-
providers and data users. The goal is to simplify the discov-sources representation consistency, usability (i.e. one-stop-
ery and use of scientific data and to allow scientific publi- shop server) and performances -where caching and/or par-
cations and educational materials to reference scientific datallelism is enabled. Conversely, some issues must be ad-
(Domenico et al., 2002). dressed; they encompass: cyclic queries, data identity, and

THREDDS initial focus was to allow data users to find Netérogeneous resources mediation. _ 3
datasets that are pertinent to their specific education and re- The interoperability solution we propose consists of utiliz-
search needs, access the data, and use them without necd3d a standard Distributed Catalog Service for: (a) federating
sarily downloading the entire file to their local system. To the THREDDS/OPeNDAP and CDI resources (i.e. services
achieve this, data providers must be able to publish lists ofnd data); (b) mediating between them; (c) exposing them
what data are available and to describe their data enablin%ﬁrOUg.h an international standard interface for geo-spatial in-
discovery and use: THREDDS introduced the Data Inventoryformation discovery and access (i.e. a standard catalog inter-
Catqlogs concept They are XML documentg that Qescr|be 9NASA, Global Change Master Directory, available lottp:/
on-line da}tasets. These catalogs can contain grbltrary rnet%’—cmd_nasa_go\,ast accessed on 26/01/2010/.
data; besides, a standard set of metadata to bridge to dISCOV-lONCAR, Digital Library for Earth System Education avail-
able at http://www.dlese.org/library/index.jsplast accessed on

8UNIDATA, THREDDS Fact-sheet, available  at: 26/01/2010.
http://iwww.unidata.ucar.edu/publications/factsheets/2007sheets/  11US National Science Foundation, National Science Digital Li-
threddsFactSheet-1.doc brary, available atttp://nsdl.org/last accessed on 26 January 2010.

www.adv-geosci.net/28/17/2010/ Adv. Geosci., 28,27/2010


http://www.unidata.ucar.edu/publications/factsheets/2007sheets/threddsFactSheet-1.doc
http://www.unidata.ucar.edu/publications/factsheets/2007sheets/threddsFactSheet-1.doc
http://gcmd.nasa.gov
http://gcmd.nasa.gov
http://www.dlese.org/library/index.jsp
http://nsdl.org/

20 S. Nativi et al.: CDI/THREDDS interoperability
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Fig. 1. The adopted interoperability solution for CDI and THREDDS/OPENDAP.
«type» =
CatalogService[~
+serviceTypeld
]
01 0..1
0..1
«type» S«typ?»
Messaging gsston «type»
0.1 Mediation
+subscribe() "o
. «type» +close()
+unsubscribe() o +addAccessor()
+publish() Manager e ze() +removeAccessor()
+status()
+harvestRecords()
+transaction() 1
0.1 «type»
0.1 Discovery
«type»
«type» Distribution +describeRecordType()
BrokeredAccess +getDomain()
+addCatalog() +present()
+order() +removeCatalog() +query()

Fig. 2. Extended interface functional model for distributed catalog service with mediation capabilities.

face). Figure 1 depicts a schema of the adopted interoper2.1 Standard specifications

ability approach. In addition to the mediation capabilities for ) -~ _

CDI and THREDDS/OPeNDAP, this solution presents the OGC Catalogue Service spemﬂcat’rém_leﬂ_nes a General
following assets: (a) it implements and publishes the oGcCatalogue Interface Model for geospatial information. This
CSWA2 standard catalog interface for resources discovery,s'pec'f'ca“o” prowdes a set of abst_ract service mterface_s that
(b) it is flexible allowing to federate and mediate other inter- SUPPOrt the discovery, access, maintenance and organization
national standards and disciplinary interoperability specifica-Of catalogues of geospatial information and related resources.
tions, such as: OGC access services (i.e. WMS, WCS), Bio e specified interfaces are intended to allow users or appli-
diversity information systems protocols (i.e. the GBIF ser- cation software to find information that exists in multiple dis-

vices), etc. These benefits will be further discussed in thefibuted computing environments, including the World Wide
final section of the paper. Web (WWW) environment, as in the OGC CSW specifica-

tion. OGC CSW functionalities include discovery as manda-
tory capability (i.e. Metadata Query & Presentation) and a

120pen Geospatial Consortium, Inc. Open@IEatalog Ser-  couple of optional capabilities: session (i.e. initialize, close,
vices Specification, Ver. 2.0.2.0GC 07-006R1. status) and management (i.e. harvest, transaction).
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Fig. 3. Gl-cat in SeaDataNet Framework.

In our opinion, the distribution aspects should be furthertowards disparate resources, transforming multiple query re-
specified, becoming another optional capability. Besides, wesults to a uniform and consistent interface. In fact, Gl-
believe that distribution cannot be fully addressed, in an hetcat implements a framework to federate standard and well-
erogeneous environment, without considering mediation caaccepted catalog, inventory and access components. As
pabilities. In fact, catalog services heterogeneity (e.g. thefar as interoperability standards are concerned, Gl-cat sup-
CSW application profiles multiplicity and the disciplinary ports the OGC CSW, WCS, WFS and WMS specifications.
special arrangements for resources discovery and inventoryAs to community arrangements for interoperability, Gl-cat
often hinders effective distribution and discovery. Finally, is able to federate: UNIDATA THREDDS Data Servers
there is the need to consider a resource access functionalTDS)/OPeNDAP, CDI resources, and GBIF (Global Biodi-
ity which substantially differentiates from the “order and versity Information Facility) catalog and access components.
charge” request interface, which is provided by the presentGl-cat exposes several standard discovery interfaces, includ-
Brokered Access functionality of OGC Catalogue Serviceing: (a) the OGC CSW/ISO interfaerecommended by the
specification. European Directive INSPIRE; (b) the OGC CSW/ebRIM-

Therefore, we proposed an extended functional model folEO' interface, recommended by the GMES/ESA-HMA ini-
implementing distribution and mediation capabilities of cat- tiativel*; (c) the OGC CSW Coré, recommended by the
alog services. The abstract model is shown in Fig. 2. GEO/GEOSS (2005): (d) OGC CSW/ebRIM-CIR (e)

The functional modules of the proposed model are: OpenSearct; (f) GENESI DRY.

— Sessiornteractive session management (e.g. close, ini-
tialize a session, return feedback).

— DiscoveryQuerying/browsing of metadata, supporting

k X 13 i : ™ i
asynchronous interactions. Open Geospatial Consortium Inc, Ogc™ catalogue services

specification 2.0 extension package for ebrim application profile:
— Distribution Configuration of a custom service chain to Earth observation products, Ver. 0.2.4 OGC, 2009.

be used in subsequent queries. 14European Space Agency, Heterogeneous mission accessibil-
o o ity — context, available ahttp://earth.esa.int/hma/context.htrat-
— PublicationMetadata publication. cessed on 15 January 2010, 2007.

15Open Geospatial Consortium, Inc. OGC™Cataloguing of ISO
Metadata (CIM) Using the ebRIM profile of CS-W, Ver. 0.1.8 OGC
07-038r1.
3 Gl-cat mediation framework 160pensearch, available attp://www.opensearch.orgccessed

on 20/10/2010.

Based on the above extended model, we developed a dis- 17GENESI-DR — Ground European Network for Earth Sci-
tributed catalog solution, called Gl-cat. Gl-cat supports ence Interoperations — Digital Repositories availabltgt//www.
caching and mediation capabilities and can act as a brokegenesi-dr.ey/accessed on 20/10/2010.

— AccesdRResource data access and preview.

www.adv-geosci.net/28/17/2010/ Adv. Geosci., 28,27/2010
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Fig. 4. Simplified Gl-cat data model.
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Fig. 5. Simplified CDI Data Model for a dataset element.

Gl-cat supports distributed queries over a hierarchical data Our catalog solution implements translucent and opaque
model, allowing incremental collection of queries results. A service chaining, supporting asynchronous queries distribu-
simplified schema of Gl-cat data model is depicted in Fig. 4.tion and incremental presentation of results. Opaque service
A catalogelement is modeled as an access service sub-typeshaining occurs anonymously behind one service interface
in fact, access services provide access to resourceS(Re-  without any implication for the functionality of that inter-
source} which can be: datasets, dataset collections, and sefface; while, translucent service chaining is invoked to chain
vices (i.e.Datasets, DatasetCollectionand GlServiceh to another service behind it —in this case, the service interface
GIResourceelements are described by one or m@@Meta-  must support the chain invocation.
dataelement.
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Fig. 6. THREDDS data model.

Gl-cat is based on a service-oriented framework of mod-the CDI and THREDDS/OPeNDAP accessors play a key role
ular components which implement the different capabilitiesfor the interoperability implementation.
characterizing the extended catalog model previously de- The described interoperability approach results quite gen-
scribed. Gl-cat can be customized and tailored to supporeral and flexible. In fact, it enables to implement the interop-
different deployment scenarios. Figure 3 depicts how Gl-caterability not only between CDI and THREDDS/OPeNDAP,
is used, in the framework of the SeaDataNet project, in ordeibut with any other supported protocol as well.
to federate THREDDS/OPeNDAP and CDI resources, me-
diating and exposing them through the INSPIRE compliant3.1.1 CDI Accessor
interface OGC CSW/ISEXas well as the other supported in-

terfaces). Figure 5 shows a UML class diagram representing a simpli-
fied version of the CDI data model. This is not a hierarchi-
3.1 Accessors cal data model. Actually, the data model only deals with low

level granularity not defining high level granularity elements,
In the Gl-cat framework, the geospatial resources heterosuch as “catalog” or dataset “aggregations”. Hence, a CDI
geneity is faced by applying a mediation approach. Spe-document (i.e. an XML file) describes only one dataset for-
cific components implement mediation services for inter-malizing its content and access metadata. To carry out CDI
facing heterogeneous resource providers; such componentiata model interoperability with Gl-cat, the correct solution
are calledAccessorsand all realize the general functional would be to map a CDI resource element (i.e. a CDI dataset)
interface described in the Catalog extended model. Ac-onto a Gl-cat “catalog” element. Clearly, this approach en-
cessors solve providers data models multiplicity by map-tails some important scalability and management issues.
ping them onto a more general data model: the ISO 19115 We experimented a CDI data model extension introducing
Core profile (Organization for Standardization, 2003); thata dataset aggregation level. Thus, data provider can generate
is the Gl-cat data model. The accessors also implemenand publish an aggregation document (encoded as an XML
query protocols mediation by translating query requests exfile) which aggregates existing CDI documents -CDI XML
pressed according to the interface protocols exposed by Glfiles. For the aggregation, the CDI datasets are referenced
cat (i.e. CSW) into the multiple query dialects spoken by theby pointing the XML file they are encoded by. This is an
resource providers. Therefore, in the SeaDataNet contexigxample of CDI datasets aggregation document.

www.adv-geosci.net/28/17/2010/ Adv. Geosci., 28,27/2010
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Table 2. THREDDS elements mapping onto Gl-cat ones.

THREDDS element  Gl-cat element

/ Catalog Catalog
CatalogRef DatasetCollection

Dataset (aggregated) DatasetCollection

Dataset (simple) Dataset
Fig. 7. THREDDS/OPENDAP Catalog tree strategy for improving
query performance.
Table 1. CDI elements mapping onto Gl-cat ones. is acatalogrefelement that allows a catalog to refer to other
remote catalogs.
CDI element Gl-cat element It is noteworthy that THREDDS/OPeNDAP data model

supports metadata inheritance. Therefore, when an aggre-
gateddataset(or a catalogref) has some inheritable meta-
data, they propagate to the nested (or referred) datasets as
CDI document Catalog containing well. In this way it is possible to factor out common metadata
(with datasets aggregation) ~ one or more datasets avoiding to duplicate the same information and encouraging
to publish datasets characterized by high level granularity.
This feature, along with the use o#talogref element, al-

lows to query large catalogs in an efficient way.

CDI document Catalog containing
one dataset

<cdiGroup>
<cdiUr title="rad1BOBB"> THREDDS/OPeNDAP data model mapping on the Gl-cat
http://moon.santateresa.enea.it/SDN_CDI/rad1BOBB.xml model is qUIte Stralghtforward (See Table 2)
<ediUrl> THREDDS/OPeNDAP publishes “inventory catalogs”
<cdiUr] title="rad4EF28"> (i.e. XML documents) over the Web. Catalogs can refer-

ence other catalogs and can also provide links for accessing
datasets. THREDDS/OPeNDAP services include the Dataset
Query Capabilities (DQC) which allows users to request a
subset of a dataset collection. However, we preferred to
harvest THREDDS/OPeNDAP inventory catalogs, following
the approach already described for CDI documents. Differ-
ently from the CDI accessor, the THREDDS/OPeNDAP ac-

. . cessor must deal with nested structures which make use of
In this way there exists only one catalog for all the re- the CatalogRefelement. The accessor implements an in-
sources published by the aggreg_atlon docu.ment. Gl-cat suRsemental approach to avoid unnecessary network overhead
por.ts the CDI datasgt aggrega,“,‘?” extension. Table 1 dez'amd improve performances. Once a THREDDS/OPeNDAP
scribes the two mapping possibilities. catalog content is requested, referenced catalogs are not

When a remote resource publishes a query mterfac_e, thf‘?\ccessed until the content of those dataset collections is ex-
Accessor component translates the query request received icitly requested

Gl-cat and passes it to the resource component. Of course, . . : .
this is not the case of CDI resources. To perform queriesT Since THREDDS data model is hierarchical, a
HREDDS/OPeNDAP catalog can be represented as a

over CDI resources, Gl-cat harvests the CDI resource (i.e. re: : . .
tree where each internal node is either a dataset collection or

trieves and parses the CDI XML document), maps the con referenced catalog, and each leaf is a dataset. Each node,

;eun;r(i)ensto the Gl-cat data model, and caches it forsubsequeritnd leaf, has its own metadata (which may be inheritable)

plus inherited metadata. A query is performed visiting the
3.1.2 THREDDS/OPeNDAP Accessor tree with a “depth first” strategy, reading the metadata of
each node and checking if the query clause is satisfied.
A simplified schema of the THREDDS/OPeNDAP data When a leaf is reached and its metadata satisfy the query
model is shown in Fig. 6. TDS implements a catalog ser-constraints too, the leaf (i.e. dataset) is added to the query
vice; hence, its data model is hierarchical definirgptalog ~ response.
element that may contain zero or matataset— in turn, a The presence of inheritable metadata allows to discard a
datasetmay contain zero or more sudataset Besides, there  node along with its children if the node metadata do not sat-

http://moon.santateresa.enea.it/SDN_CDI/rad4EF28.xml
</ediUrl>
<cdiUrl title="rad8E3EC">
http://moon.santateresa.enea.it/SDN_CDI/rad8E3EC.xml
</ediUrl>

</cdiGroup>
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<<netCOFGlobalAttribute = »
Platform

HongMName: String[1]
+dPlatform: String[1]
+dataType: String[1]
+RoscopCode: String[1]
+nrSetOfData: Integer[1]

Date & Time follow IS0 8601 spec.s
(i.e. yyyymmdd & hhmm }

Lat & lon are expressed according

e 1..%); Hmeasurement{cast)
<<Se;t[;att_aNet>> CRS = WGS84 o
ion
" +1dstation: String[1]
Hat: Real[1]
f‘;:ées;?rli[nlé[l] e 1 if bottomDepth is unknow - -39 Iﬁ
+time: String[1]
+rOfvariables: Integer[0.. 1]
+bottomDepth: Integer[1]
+NrOfObservations: Integer[1]
[————] E <<enumeration >z
L. +parameter UnitType
<<netCOF>>
Variable
D +standardMame: String[1] <<DataType=>
HongMame: tring[0.. 1] RecordType
+unit: UnitType[0.. 1] -
+generalQuality: Integer[0..1] +value: String[1..n]
it < <netCOFGlobalAttribute =
e ! Zaiseyaions +keywords: String[0..%]
s <<ASCII File=> +Description: String[0.. 1]
TemperatureQC i setofData +Organization[0.. 1]
i ——— “
r +numberOfCounts[0.. 1]

S A +counts: RecordType[1]
+qualityFlag: RecordType[0.. 1]
|

as: Temperature, Pressure, Salinity, PressureQC, are encoded as an ASCII File
TemperaureQC, etc.

This is abstract and will be instantiated T Each Variable consists of a set of Observations which IT

Fig. 8. CF-netCDF Data Model for XBT datasets.

isfy the query clause. This avoids network overhead whentains datasets belonging to the same MARSDEN area. Thus,
the node to be discarded iatalogRefelement. This strat- three nodes at the first hierarchical level are characterized by
egy results also efficient in order to deal with very large cat-spatial information as inheritable metadata; while second-
alogs; in fact, it allows to discard many branches skipping tolevel nodes inherit spatial metadata and have temporal in-
read their metadata. terval metadata as inheritable one. Figure 7 shows the tree
structure strategy stemming from this approach. Datasets are
3.1.3 Improving query performance with first divided by space (i.e. MARSDEN areas), then by year,
THREDDS/OPENDAP subsequently by month, and so on in accordance with the
level of temporal granularity required by user queries.
Query performances depend on the matching pattern existing
between the THREDDS hierarchical structure and the claus@.2 Access protocol adaptation
types characterizing most common queries — i.e. users com-
mon query strategy. Neither THREDDS nor CDI define any special access pro-
Considering most of queries have a space-time clauseocol; they both use standard protocols — e.g. WMS, WCS,
datasets should be structured according to their spatial an@PeNDAP and HTTP download. When Gl-cat receives a
temporal extension, respectively. To optimize query perfor-request to download a specific resource discovered through
mances with respect to spatial domain, a possible strategg CDI or THREDDS catalog document, it performs the fol-
consists of dividing Earth spatial domain in finite areas. A lowing actions:
valuable example in point are the MARSDEN zones (Sweers, a) retrieves the available access service(s) as specified in
1970) or WMO zones. Following this solution, each node atthe resource metadata; b) in case of more than one available
the first level of the THREDDS/OPeNDAP catalog tree con- service, it selects the most flexible service — e.g. allowing
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Gl-cat
Asynchronous cs-wAap
Common messaging 7 Accessors
Data Model i
— OGC CSW I1SO AP resources
cs-w/ ="
Core AP !
= == THEERDS/ THREDDS aE
F 3 2F s VW OPNDAP %o
S ISO 19115 .
INSPIRE cs-w/ Core profile N THREDDS/OPeNDAP resources
Compliant soAp  +Extensions( =)
interface eb-RIM/CIM 3
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CDI resources

\ /EO) %? _— ‘ -\ -

]

Extended
Advanced interface
Interface
{auery monitering, ...)

Fig. 9. The system developed to run interoperability tests.

domain and co-domain sub-settings c) instantiates a correfor improving query performances applying spatial and tem-
spondent accessor component —i.e. a service client; ¢) deporal domain clauses —using the MARSDEN convention for
egates the accessor to formulate the appropriate access réividing Earth in indexed areas. This catalog is available at:
quest, including sub-setting parameters, according to the rehttp://apollo.pin.unifi.it:8080/thredds/XBTdemocatalog.xml
ceived download clause, if this is supported by the resource The set up system for interoperability testing is composed
download server. of Gl-cat catalog lfttp://zeus.pin.unifi.it/gi-catdeployed in

front of a CDI and a THREDDS/OPENDAP catalog server.

Besides, standard OGC Web access services were federated
4 Experimentation in order to extend the interoperability tests. To demonstrate

test results, a graphical client application for Gl-cat was uti-
Some tests were performed using XBT (Expendablelized: the GI-go geo-browser. This is a CSW client being to
Bathythermograph) data encoded in netCDF (network Cominteract with the corresponding interface published by GlI-
mon Data Form) forma® following the CF1 conventions cat. Gl-go can be downloaded alittp://zeus.pin.unifi.it/
(Eaton et al., 2003). The utilized CF-netCDF data model isgi-go.

shown in Fig. 8. The CDI documents describing the XBT  Figure 9 depicts the developed system used for the inter-

resources are available ahttp://moon.santateresa.enea.it/ operability experimentations.

SDN,CDI/. . Tests were performed querying CDI and
For testing the proposed CDI catalog extension supportTHREDDS/OPENDAP catalogs with combinations of

ing files aggregation, we worked out an aggregated cataspatial, temporal and keywords clauses.
log document, available athttp://zeus.pin.unifi.it/projects/

cdi_registry/registry.xml

The same XBT resources encoded in CF-netCDF5 Conclusions
were also utilized to test the interoperability of
THREDDS/OPENDAP inventory catalogs. The In the work presented in this paper we addressed some in-
THREDDS/OPENDAP catalog server was configured teroperability issues concerning SeaDataNet project. To
achieve compliance of the SeaDataNet discovery service
18http:/www.unidata.ucar.edu/software/netcdf/docs/ with INSPIRE IRs an ISO 19139 encoding for CDI was
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defined. Specific constraints were introduced in the ISOReferences

19139 schema to accommodate an ISO profile of the CDI

metadata model. Parker, B. B.: Oceanographic Data Archeology, finding histori-
Moreover. to make CDI and THREDDS/OPeNDAP cata- cal data for climate and global change research”, Oceanogra-

log components interoperable we propose a solution based on phy, 5, 2 http:/lwww.tos. org/oceanography/issuesfisauenive/

a distributed catalog service implementing mediation func- issuepdfs/5.2/5.2 parker.paf 1992.
9 p 9 NASA Earth Science Data Systems Standards Process Group, The

_tlonal|t|es, namely Gl-cat. The carn_ed out mterqperabll— Data Access Protocol — DAP 2.0, ESE-RFC-004.1.1.. 2007.
ity tests were successfull, demonstrating the effectiveness qhomenico, B., Caron, J., Davis, E., Kambic, R., and Nativi,
discovering and accessing CDI and THREDDS/OPeNDAP s Thematic Real-time Environmental Distributed Data Ser-
resources through a common and standard catalog inter- vices (THREDDS): Incorporating Interactive Analysis Tools into
face. In fact, Gl-cat publishes a standard CSW inter- NSDL, Journal of Digital Information, 2, 4, May 2002.
face. Besides, this solution allows, with few additional ef- Nebert, D.: The SDI Cookbook, ver. 2.0, 2004.
forts, to implement interoperability also with other com- DIRECTIVE 2007/2/EC OF THE EUROPEAN PARLIAMENT
ponents, which implement international standards, such as AND OF THE COUNCIL of 14 March 2007 establishing an In-
OGC access services. In fact. the Gl-cat framework archi- frastructure for Spatial Information in the European Community
tecture permits a great flexibility for implementing interop- (INSPIRE), avall'able aﬁttp://msplre.Jrc.ec.europa.elﬂOO?_

. . . . Federal Geographic Data Committee: The National Spatial Data
erability with well-described catalog, inventory and access

. ibil d flexibili . f Infrastructure http://www.fgdc.gov/nsdi/nsdi.htmiaccessed 18
services. Extensibility and flexibility are important features January 2010, 2007.

which brought us to prefer this approach rather than a Cusgsa: Final Report for the GMES Initial Period (2001-200ttp:
tomized one. Ihwww.gmes.info/107.0.htmFebruary 2004.

Flexibility was pursued by introducing the accessor com-Group on Earth Observations: in: Global Earth Observation System
ponent which should deal with all the interoperability issues  of Systems (GEOSS) 10-Year Implementation Plan, ESA Publi-
regarding a specific service —either standard or implementing cations Division, The Netherlands, edited by: Battrick, B., ISSN
a community specification. Scalability is achieved by queries No.: 0250-1589, ISBN No.: 92-9092-495-0, February 2005.
supporting asynchronous and incremental responses. Organization for Standardization, 1SO/19115:2003(E): Geographic

As expected, the experimentation pointed out that data !nfo_rmatlon—Metadgta. International Organization for Standard-
models characterizing remote services influence Gl-cai ization, Ger.leva,_ Switzerland, 2003. . . .

weers, H. E.: An improved code to classify the location of marine
query and access performances. The valuable case o and terrestrial data, Limnol. Oceanogr., 15, 5, 827-88®://
THR!EDDS/OPeNDAP catalog model was presented and a www.aslo.org/lo/toc/vall 5/issue5/0827. pdf 1970.
possible approach for SeaDataNet was discussed. The caggon, B., Grogory, J., Drach, B., Taylor, K., and Hankin, S.:
of CDI data should be further investigated in order to im-  NetCDF Climate and Forecast (CF) Metadat Conventions, Ver.
prove Gl-cat query responses time. 1.0, available ahttp://cf-pcmdi.linl.gov/document28 October

A dataset aggregation element was proposed in order to 2003.
extend the present CDI data model and improve query andea-Search: Your gateway to oceanographic and marine data & in-
access performances. This extension is very simple and formationin Europe, available attp://www.sea-search.ne#c-
might be refined. A valuable example in point concerns cessed on 18 January 2010, 2010.
the definition of a specific hierarchy for the dataset aggre-
gation; this would improve performances, as demonstrated
for THREDDS/OPENDAP.

The test was also extended to include access to CF-

NetCDF files. In order to perform this test a data model was
implemented, as shown in Fig. 8. The implementation of
a common data model could improve data aggregation and
interoperability. This work describes a CF-netCDF based
data model utilized for describing and encoding XBT acqui-
sitions. This model is under revision to extend and refine it
in collaboration with the international Community — e.g. a
collaboration liaison is under definition with UNIDATA on
this subject.
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