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GEOSS Clearinghouse RFI Response Summary
1 Overview 

This document summarizes the results of a Request for Information (RFI) regarding the GEOSS Clearinghouse.  The RFI was released for comment in October 2006 with responses requested no later than 31 December 2006.  This document lists the organizations from which RFI responses were received.  

This document contains a revision of the Architecture in the RFI.  The revision was developed based upon the RFI responses, upon documents developed in parallel by other GEO Architecture and Data  (ADC) Task Teams, and considering that in 2007 several ADC implementation tasks will be conducted as one Task. The Architecture presented in Clause 2 anticipates the development of an architecture suitable for inclusion in a Call for Participation in a Pilot activity developing the GEOSS Clearinghouse, GEOSS Web Portals and network accessible services.

This document also provides information to enable Technology Integration Experiments (TIEs) during the Proof of Concept  (POC) phase for the Clearinghouse.  The Clearinghouse Task Team identified that a limited set of focused tests during the POC phase would reduce risks associated with the Pilot phase of the integrated GEO Interface Implementation Task (AR-07-02).  TIEs of two types have been identified:

· Testing of select profile(s) of the OGC Catalog Service for the Web (CSW)

· Testing to access existing service registries.

The responses to the Clearinghouse RFI are available in a complete set (as a zipped archive file of the individual responses) at this URL:

http://portal.opengeospatial.org/files/?artifact_id=20070
1.1 Clearinghouse RFI

One of GEOSS Architecture core tasks, the GEOSS Clearinghouse Task Team (AR-06-05), released a Request for Information (RFI) for the Proof of Concept phase of the GEOSS Clearinghouse to GEO Members and Participating Organizations. Objectives of the RFI 

· Solicit comments on a draft architecture for the GEOSS Clearinghouse 

· Invites GEO Members and Participating Organizations to contribute components for a Proof of Concept phase during 2007 

The Clearinghouse is an important part of the dissemination portion of GEOSS. For accessing data in each diverse contributing system, the clearinghouse will be publicly accessible built upon a network-distributed approach, subject to GEOSS interoperability specifications.

RFI Contents include: GEOSS Clearinghouse Requirements, GEOSS Clearinghouse Architecture, and Proof of Concept Plan

The following members of GEO Task AR-06-05 prepared the GEOSS Clearinghouse RFI: OGC, USA, EC/JRC, Germany, IEEE, WMO, GEO Secretariat, ESA, Australia

The RFI is available here: http://www.earthobservations.org/docs/RFI_GEOSS_Clearinghouse_13.10.2006.pdf

1.2 RFI Responses

Table 1 lists those organizations that responded to the Clearinghouse RFI and indicates if the response provided comments on the architecture and if the response offered specific components for the Proof of Concept Phase.

Table 1 – Clearinghouse RFI Responses
	Responding Organization
	Comments on Architecture
	Components offered

	BNSC/Infoterra
	Yes
	Web Map Service (WMS)

	Canada/GeoConnections
	Yes
	GeoConnections Discovery Portal

	EC/JRC
	Yes
	INSPIRE EU Geoportal Catalogue

	ESA
	Yes
	EO-Portal 
ESA Service Support Environment 
ADEN/AADN ALOS Interoperability 

	GEONETCast
	-
	GEONETCast metadata

	Germany
	Yes
	Geoportal Bund

	IGOS-Geohazards
	-
	IGOS GeoHazards Catalogue

	Japan/JAXA/Univ. Tokyo
	-
	JAXA Metadata Catalogue
WTF-CEOP (WGISS Test Facility for CEOP) JAXA Prototype System

	UNGIWG/FAO/UNEP
	Yes
	(yes)

	US/FGDC/USGS/IEEE
	-
	SOA Registry
Clearinghouse gateway

	US/NASA
	Yes
	Earth Science Gateway (ESG)


1.3 GEO Architecture Data and Committee (ADC) References

Other Task Teams of the GEO ADC has developed several documents in parallel with the Clearinghouse RFI.  Several of the ADC documents are relevant to the Clearinghouse Architecture.  The revised Clearinghouse Architecture (Clause 2) incorporates – directly or by reference – the following ADC documents
:

· A Process for Reaching GEOSS Interoperability Arrangements (Developed by Task Team AR-06-01)
· GEOSS Interoperability Strategic Guidance (Developed by Task Team AR-06-02).
· GEOSS Components Registration (Developed by Task Team AR-06-04)

· GEOSS Clearinghouse: Demonstration of Existing Capability, Statement of Work, proposed, developed by Eliot Christian as an action of the ADC.
Also included in this document is a set of definitions developed by the ADC.

1.4 Catalog Service Standards

Interoperability arrangements for services is a key principal of the GEOSS Architecture.  For the Clearinghouse components, standards for catalog services are of critical importance.  The GEOSS 10 Year Plan Reference Document identifies ISO 23950 as the standard to be used in GEOSS for access to existing SDI catalog services.  Responses to the Clearinghouse RFI identified several catalog standards that are essential to GEOSS.  The RFI responses primarily recommended use of the OGC Catalogue Service - Catalog Service for the Web (CSW).  The GEOSS Clearinghouse will need to be a client to community catalogue servers implemented in accordance with multiple catalog service standards, at a minimum these include ISO 23950 and OGC CSW.

Responses to the RFI identified that to achieve catalog interoperability profiles to the catalog service standards will need to be agreed upon.  The SRW Profile of ISO 23950 is the recommended.  

Profiles of the OGC CSW specification were identified as area to be investigated and tested in the Proof of Concept Phase, i.e., before the Call for Participation in the Architecture Implementation Pilot is released.  To support Technology Integration Experiments (TIEs) between catalog clients and servers, a table of client-server TIEs performed for the GEO-III Plenary Demonstration is provided (Section 3).  The TIE table (along with the Catalogue Descriptions provided in Section 3 can be the starting point for testing in the proof of concept stage.  

1.5 RM-ODP Viewpoints

Based on the current design and implementation strategies taken by most, if not all of the significant SDI initiatives, the Clearinghouse architecture must be designed using the Reference Model of Open Distributed Processing (RM-ODP) standard as the conceptual framework. The RM-ODP standards constitute among others the conceptual basis for the ISO 19100 series of geographic information standards as well as the OpenGIS Reference Model (OGC 2003).  Following the RM-ODP process is also in line with the existing efforts within the UN that work towards providing geospatial services
. 
The structure of the Architecture in Section 2 is based on the Reference Model for Open Distributed Processing (RM-ODP).  

Table 2 – RM-ODP Viewpoints

	Viewpoint Name
	Description of RM-ODP Viewpoint as used herein

	Enterprise 
	Articulates a “business model” that should be understandable by all stakeholders; focuses on purpose, scope, and policies.

	Information 
	Focuses on the semantics of the information and information processing performed.  

	Computational 
	Service-oriented viewpoint that enables distribution through functional decomposition of the system into objects that interact at interfaces.

	Engineering 
	Identification of component types to support distributed interaction between the components. 

	Technology 
	Identification of component instances as deployed, including network descriptions.


Note that the term “component” is used here to describe a portion of a system contributed to GEOSS.

1.6 ADC Definitions

The following Candidate GEOSS Architecture-related Definitions were compiled during GEO ADC meeting, December 2006.
GEO (Group on Earth Observations): GEO is an intergovernmental partnership among GEO Member countries and Participating Organizations: see http://earthobservations.org/
GEO Member: Any member State of the United Nations may become a GEO Member on request and after having endorsed the GEOSS 10-Year Implementation Plan. 

GEO Participating Organization: Subject to approval by GEO Members, any intergovernmental, international, or regional organization with a mandate in Earth observation or related activities may become a GEO Participating Organization on request and after having endorsed the GEOSS 10-Year Implementation Plan. 

GEOSS (Global Earth Observation System of Systems): The collection of collaborating earth observation systems that are registered with the GEO to provide access to diverse, multi-disciplinary data and services associated with earth observation. GEOSS reflects a global scientific and political consensus that information vital for societies requires comprehensive, coordinated, and sustained Earth observations.

GEOSS 10 Year Implementation Plan: The GEOSS 10 Year Implementation Plan is directed by GEO (Group on Earth Observations) to achieve the vision of  comprehensive, coordinated, and sustained Earth observations for the benefit of societies worldwide.

component: a part of GEOSS contributed by a GEO Member or Participating organization. Example types of components include observing systems, data processing systems, dissemination systems, educational programmes, or other initiatives. Components may expose service interfaces to provide access to earth observation-related functions and/or data. Components are described in the GEOSS Component Registry. 

service: Functionality provided by a component through component system interfaces. Services communicate primarily using structured messages, based on the Services Oriented Architecture view of complex systems. Services are described, along with information about their operating organizations, in the GEOSS Service Registry.

Services Oriented Architecture [get official website] OASIS, W3C

interoperability: the ability to link two or more components/services to execute a particular task that spans those components without knowledge of underlying implementation. Interoperability may be addressed at the component level and/or defined at the service interface level through the adoption of common standards. 

interoperability arrangement: a registered declaration by one or more GEO Members or Participating Organizations to provide access to services and data through identified non-proprietary standards. Formal international standards are documented and referenced in the Standards Registry. Interoperability arrangements that document informal standards are referenced in the Special Arrangements Registry. Special arrangements are not required when referencing formal international standards starting from those in the Standards Registry.

standard: documented approach for conducting an activity or task. Standards may be de jure (formally recognized) or de facto (informally adopted) within a community of application. De jure standards are typically managed by a standards development organization. Formal international standards are documented and referenced in the Standards Registry. Interoperability arrangements that document informal standards are referenced in the Special Arrangements Registry.

GEOSS Clearinghouse: a component that provides access to a network of catalogues and registries that conform to identified catalogue service and metadata standards. The Clearinghouse supports access to data, documents, services, and other resources through the search of descriptive properties (metadata) offered by GEO Members and Participating Organizations.

GEOSS Web Portal: a website that provides access through standard interfaces to the GEOSS Clearinghouse, GEOSS registries, and related information. 

register: set of files containing identifiers assigned to items with descriptions of the associated items (ISO 19135)

registry: information system on which a register is maintained [and accessed] (ISO 19135)

2 GEOSS Clearinghouse Architecture - Revised

2.1 Enterprise Viewpoint – Value of Earth Observations

2.1.1 GEO community objective

As a “system of systems”, GEOSS is composed of contributed Earth Observation systems, ranging from primary data collection systems to systems concerned with the creation and distribution of information products. Although all GEOSS systems continue to operate within their own mandates, GEOSS systems can leverage each other so that the overall GEOSS becomes much more than the sum of its component systems. This synergy develops as each contributor supports common arrangements designed to make shared observations and products more accessible, comparable, and understandable.

 (Provide references to 10 yr plan; 10 yr plan reference document; to Strategic Guidance Document.)

2.1.2 GEOSS societal benefits

GEOSS will be primarily focused on issues of regional and global scale and on cross‑sector applications, while also facilitating the operation and enhancement of Earth observing systems that are focused on national, local, and sector-specific needs. In this context, investments in Earth observations worldwide certainly exceed tens of billions of dollars per year. Those investments already yield substantial societal benefits, but those benefits will be increased through the collective actions enabled by GEOSS.
 

At present, GEOSS Implementation is concentrating on nine areas of societal benefits:
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Reduction and Prevention of Disasters

Human Health and Epidemiology
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Energy Management

Climate Change
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Water Management

Weather Forecasting

Ecosystems

Agriculture

Biodiversity

2.1.3 GEOSS data sharing principles

A key part of that Implementation Plan are the GEOSS Data Sharing Principles: "There will be full and open exchange of data, metadata, and products shared within GEOSS, while recognizing relevant international instruments and national policies and legislation. All shared data, metadata, and products will be made available with minimum time delay and at minimum cost. All shared data, metadata, and products for use in education and research will be encouraged to be made available free of charge or at no more than the cost of reproduction."

2.1.4 GEOSS interoperability arrangements

The success of GEOSS will depend on data and information providers accepting and implementing a set of interoperability arrangements, including technical specifications for collecting, processing, storing, and disseminating shared data, metadata, and products.  GEOSS interoperability will be based on non‑proprietary standards, with preference to formal international standards.  Interoperability will be focused on interfaces, defining only how system components interface with each other and thereby minimizing any impact on affected systems other than where such affected systems have interfaces to the shared architecture.

2.1.5 GEOSS components

The overall GEOSS is a federated system that grows ever more useful over time as its constituent GEO Members and Participating Organizations link their contributed GEOSS components together. (GEO itself operates none of the components of GEOSS, other than a Web site and certain administrative facilities.) The components already contributed by GEO Members and Participating Organizations can be grouped in the following broad categories:

· Components to acquire observations: based on existing local, national, regional and global systems to be augmented as required by new observing systems;
· Components to process data into useful information: recognizing the value of modeling, integration and assimilation techniques as input to the decision support systems required in response to societal needs; and
· Components required to exchange and disseminate observational data and information: including data management, access to data, and archiving of data and other resources.
Focusing on the data exchange and dissemination components, the types of components fall into the seven key component categories
: 
· Catalogues and registries aiding discovery 

· Applications interfacing to the internet and providing the user experience to web clients 

· Means for identifying and accounting for users, and where necessary authenticating and authorizing their use of services 

· Means for actually accessing and extracting required data 

· Generating portrayals of data, such as maps 

· Perform geographic processing on data 
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Figure 1 – GEOSS data exchange and dissemination services
A successful GEOSS architecture will reduce the clients' view of the current complex of inconsistent and disconnected set of services to one. This harmonisation will provide a consistent experience within which the user will be able to discover and access a variety of services offered by numerous disparate providers. At the same time the content and behaviour of these services will be predictable allowing the user to anticipate the results and use the services through a normal Internet connection. This idealized approach is represented as an “Internet bus” approach. 
. 
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Figure 2 –The Internet Bus model 

Systems intended to become GEOSS Components can only be contributed by GEO Members or Participating Organizations, and each of them must have endorsed the GEOSS 10-Year Implementation Plan.

GEOSS Components may be designated at any time by any GEO Member or Participating Organization. These are in addition to those GEOSS components listed in the "Table of Initially Identified Systems" given as Annex 1 of the agreed GEOSS 10-Year Implementation Plan Reference Document.  The procedure for designating additional contributed GEOSS components is defined in the GEOSS Components Registration document.

When the process for registering a GEOSS Component is complete, the contributed component will be listed in the GEOSS Component Registry
.

2.2 Information Viewpoint – Earth Observations

2.2.1 Earth Observation Information Model

There is little debate about the critical role of data standards in enabling SDI components to be effectively shared, and in particular to allow decomposition of responsibilities within a hierarchy of global to local jurisdictions
. 

“The Cookbook authors recommend that Core and non-Core data be modeled and shared in the designs of national SDI’s using emerging ISO standards by following the rules for application schema, publishing a feature catalogue, and standardizing the encoding of the data.”  [GSDI Cookbook] 
2.2.2 Types: Features, Coverages, Observations and Maps

The starting point for modeling of geographic information is the geographic feature. A feature is an abstraction of a real world phenomenon. A geographic feature is a feature associated with a location relative to the Earth. A digital representation of the real world can be thought of as a set of features.

Any feature may have a number of properties that may be operations, attributes or associations. Any feature may have a number of attributes, some of which may be geometric and spatial. A feature is not defined in terms of a single geometry, but rather as a conceptually meaningful object within a particular domain of discourse, one or more of whose properties may be geometric.

Geographic phenomena fall into two broad categories, discrete and continuous.  Discrete phenomena are recognizable objects that have relatively well-defined boundaries or spatial extent. Examples include buildings, streams, and measurement stations.  Continuous phenomena vary over space and have no specific extent. Examples include temperature, soil composition, and elevation. A value or description of a continuous phenomenon is only meaningful at a particular position in space (and possibly time). Temperature, for example, takes on specific values only at defined locations, whether measured or interpolated from other locations.

These concepts are not mutually exclusive. In fact, many components of the landscape may be viewed alternatively as discrete or continuous. For example, a stream is a discrete entity, but its flow rate and water quality index vary from one position to another. Similarly, a highway can be thought of as a feature or as a collection of observations measuring accidents or traffic flow, and an agricultural field is both a spatial object and a set of measurements of crop yield through time.

Standardized conceptual schemas for spatial and temporal characteristics increase the ability to share geographic information among applications. These schemas are used by geographic information system and software developers and users of geographic information to provide consistently understandable spatial data structures.

A coverage is a feature that associates positions within a bounded space (its spatiotemporal domain) to feature attribute values (its range). Examples include a raster image, a polygon overlay, or a digital elevation matrix. Commonly used spatiotemporal domains include point sets, grids, collections of closed rectangles, and other collections of geometric objects.  The range of a coverage is a set of feature attribute values.  The attributes of a coverage, i.e., its range, are homogeneous across its domain. A Geographic imagery scene is a coverage whose range values quantitatively describe physical phenomena.

An observation is an event with a result which has a value describing some phenomenon.  The observation event is modelled as a Feature within the context of the General Feature Model [ISO 19101, ISO 19109]. An observation feature binds a result to a feature of interest, upon which the observation was made. The observed property is a property of the feature of interest. An observation uses a procedure to determine the value of the result, which may involve a sensor or observer, analytical procedure, simulation or other numerical process. 

A map is a portrayal of geographic information.  While a map may be a digital image file suitable for display on a computer screen, a map is not the data itself. 
GEOSS components utilize discrete features, coverages, observations and maps.  Satellite imagery is a coverage and may be processed in to specific discrete features, e.g., hot spot points from a thermal-band image.  Coverages and discrete Features are both need to support decision making by Societal Benefit Areas.

2.2.3 Spatial Referencing

Spatial Referencing is accomplished is several ways including 

· Terminology with spatial reference

· Coordinate reference systems

Many terms refer to locations near the surface of the earth, e.g., identifiers and place names.  Spatial referencing with identifiers is when an identifier uniquely indicates a location, e.g., a postal code. Place names may be ambiguous, e.g, Springfield, requiring additional information to be resolved into a specific location. Gazetteers and geocoding are used to resolve the ambiguity.

Coordinates are unambiguous only when the coordinate reference system to which those coordinates are related has been fully defined. A coordinate reference system is a coordinate system that has a reference to the Earth. A coordinate reference system consists of a coordinate system and a datum. Types of coordinate reference systems include: geocentric, geographic (including an ellipsoid), projected, engineering, image, vertical, temporal. The datum defines the origin, orientation and scale of the coordinate system and ties it to the earth, ensuring that the abstract mathematical concept “coordinate system” can be applied to the practical problem of describing positions of features on or near the earth’s surface by means of coordinates.  Thousands of coordinate reference systems have been defined for various applications.  The World Geodetic System (WGS) defines a coordinate reference system that is used with Earth Observation data. frame for the earth, for use in geodesy and navigation. The latest revision is WGS 84.

2.2.4 Community Information Standards

(Identification of community specific standards that identify features and phenomena for that community, e.g., application schemas, feature catalogs, product data types.)

2.2.5 Registry Information Models
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Figure 3 – GEOSS Registers (Partial Attribute Listing)

It is also important to register the semantics of shared data elements so that any system designer can determine in a precise way the exact meaning of data occurring at service interfaces between components. The standard ISO/IEC 11179, Information Technology‑‑Metadata Registries, provides guidance on representing data semantics in a common registry
.

The standard for geospatial metadata is ISO 19115: Geographic Information--Metadata. This standard facilitates the exchange and integration of data and information by giving a standard description of the identification, extent, quality, spatial and temporal scheme, spatial reference and distribution specifics of geospatial data
.

The metadata standard to use should primarily be ISO 19115/19119/19139.  Dublin Core been an international standard, it should be fully supported and not just "to be considered". Following the two international standards, National standards, such as FGDC, may then be considered.

2.3 Computational Viewpoint – Service Oriented Interoperability

The following assumptions are made for the integration of distributed Catalogue Services:

· The remote Catalogue Service should support one of the bindings described in the OGC Catalogue Service Specification Version 2.0.0 (OGC 04-021r3). 

· The interface should be accessible via HTTP
2.3.1 Interoperability arrangements

At minimum, all GEOSS Components are bound by the requirements on contributed systems as stated in The GEOSS 10‑Year Implementation Plan and its companion Reference Document. These stated requirements, referenced in GEOSS documents as "interoperability arrangements", are expected to be further expanded, clarified, or otherwise modified over time. Any new GEOSS Component is understood to be bound by the GEOSS interoperability arrangements as documented at the time it was contributed
. 

Following are excerpts of interoperability requirements on contributed systems as stated in the GEOSS 10‑Year Implementation Plan ("5.3 Architecture and Interoperability", page 7):

The success of GEOSS will depend on data and information providers accepting and implementing a set of interoperability arrangements, including technical specifications for collecting, processing, storing, and disseminating shared data, metadata, and products.  GEOSS interoperability will be based on non‑proprietary standards, with preference to formal international standards.  Interoperability will be focused on interfaces, defining only how system components interface with each other and thereby minimizing any impact on affected systems other than where such affected systems have interfaces to the shared architecture.

For those observations and products contributed and shared, GEOSS implementation will facilitate their recording and storage in clearly defined formats, with metadata and quality indications to enable search, retrieval, and archiving as accessible data sets. [...]

To enable implementation of the GEOSS architecture, GEOSS will draw on existing Spatial Data Infrastructure (SDI) components as institutional and technical precedents in areas such as geodetic reference frames, common geographic data, and standard protocols.  GEO Members and Participating Organizations and their contributions will be catalogued in a publicly accessible, network-distributed clearinghouse maintained collectively under GEOSS.  The catalogue will itself be subject to GEOSS interoperability specifications, including the standard search service and geospatial services.

The Process for Reaching GEOSS Interoperability Arrangements document defines the steps by which an interoperability arrangement is determined including the activities of the Standards and Interoperability Forum.

A procedure for evaluating interoperability is provided in the GEOSS Component Registration document.

2.3.2 Service oriented architecture

GEOSS service definitions are to specify precisely the syntax and semantics of all data elements exchanged at the service interface, and fully describe how systems interact at the interface. At present, the systems interoperating in GEOSS should use any one of four open standard ways to describe service interfaces: CORBA, Common Object Request Broker Architecture; WSDL, Web Services Definition Language; ebXML, electronic business Extensible Markup Language, or UML, Unified Modeling Language.

GEOSS interoperability arrangements are to be based on the view of complex systems as assemblies of components that interoperate primarily by passing structured messages over network communication services. By expressing interface interoperability specifications as standard service definitions, GEOSS system interfaces assure verifiable and scaleable interoperability, whether among components within a complex system or among discrete systems
.

2.3.3 Service tiers

The components are best characterized as part of a service layer in the ISO 3-tier model (Figure 4): 

· The top tier is the only one with which clients (people or systems) deal directly.  It provides the interfaces to describe and use the services offered; 

· The middle tier embodies all the business processes required to respond to requests issued by clients. The services in general embody everything from authentication to complex geoprocessing on sets of data from various repositories and from generation of map views to statistical charts that the client gets back at the end of the process; 

· The lower tier provides read and/or write access to data, whether its geospatial data, accounting records, or catalogue entries stored in any of a dozen different types of registries. 
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Figure 4 – Service Tiers: User, Business and Data 

2.3.4 Catalog services

2.3.4.1 Overview

Interoperability using several catalogue service standards will be required by the Clearinghouse and the Community Catalogs

Many Earth Observation catalogues that require interoperability at the search service have adopted the international standard used for catalogue search (ISO 23950 Protocol for Information Search and Retrieval). This search service is interoperable with the broadest range of information resources and services, including libraries and information services worldwide as well as the Clearinghouse catalogues supported across the Global Spatial Data Infrastructure now implemented in more than 50 countries. This standard search service also has demonstrated interoperability with services registries using either an ebXML metadata model or UDDI (Universal Description, Discovery, and Integration)
.

With regards to the catalogue service I wonder why specific mention to Z39.50 needs to be made. Since there is reference to OGC Catalog Specification 2.0, where Z39.50 is mentioned anyway (SRW).  Furthermore again it gives the impression that Z39.50 is the primary way to go whereas the OGC CS seems to be just an additional specification. My suggestion therefore would be to refer only to the OGC Catalog specification as the only Catalog spec supported by the GEOSS Clearinghouse. Then this includes SRW, OGCCORE and the two application profiles, ISO and ebRIM.

The RFI mentions that the clearinghouse may also serve as a registry for other registers to be defined such as documents, terminology, coordinate reference systems, etc. OGC context documents should be added to the list as they facilitate inter-tool interoperability and can support collaboration and information sharing in the GEOSS environment.

With respect to the metadata supported by the clearinghouse, it is expected that additional classification schemes may be needed to support search by societal benefit area, type of resource, etc. This approach has been successfully implemented in ESG such that when a resource is registered (or harvested) in the catalog, the publisher has the option of also specifying additional information such as the type of resource, the supported NASA national application, the applicable ISO categories, etc. This approach allows users to be able to narrow down their searches considerably, especially in a distributed global environment. 

A combination of the distributed search and harvested search approaches is recommended based on GIO’s experience with ESG. In ESG, the metadata in other catalogs is harvested and stored in ESG but that metadata is refreshed based on a frequency determined by the publisher or the system administrator. This mixed approach ensures reasonable system response times while maintaining a good degree of up-to-dateness of search results. 

For practical reasons, it is recommended that the search interface allow users to be able to specify (or select) the underlying catalogs that they wish to search for a certain query. Supporting this functionality may also improve performance as the clearinghouse won’t have to issue queries to all its underlying catalogs if the user is only interested in a couple at a time. 

2.3.4.2 Catalog service – ISO 23950 SRW

The ISO 23950 standard defines a network client-server service whereby a client can precisely specify a search request and preferences for the response that retrieves search results. The standard includes a definition for search request/response using the HTTP (Hypertext Transfer Protocol). This part of ISO 23950 is known as SRW (Search and Retrieve for the Web) or SRU (Search and Retrieve via URL, see http://www.loc.gov/standards/sru/ ). SRW and SRU are designed for both the HTTP GET and HTTP POST interfaces, and for both Web Services using SOAP (Simple Object Access Protocol) as well as CGI (Common Gateway Interface, formally specified in RFC 1738).

For example, the following ISO 23950 SRU search request finds Library of Congress catalog entries containing the word "fruit":

http://z3950.loc.gov:7090/voyager?operation=searchRetrieve&version=1.1&maximumRecords=20&recordSchema=dc&query=fruit

As required by RFC 1738, the request has two component parts: a "base URL" and a "searchpart", separated by a question mark ("?"). The base URL identifies the server host and port (here, "z3950.loc.gov:7090") and the ISO 23950 service (here, "voyager"). The searchpart consists of parameters separated by "&", each with the structure "key= value". The names of the parameters in this ISO 23950 service description are the "key" strings within the URL, here: "operation", "version", "maximumRecords", "recordSchema", and "query".

Search interoperability must deal with the variety of search syntaxes across search technologies, and especially the fact that nearly all technologies also support Boolean operations with fielded searches. In ISO 23950, these complications are addressed primarily within the "query" part of the search request, where SRU uses the CQL (Common Query Language) syntax. In CQL, a query can be as simple as an unqualified single term ("fruit" in the example above). Partial queries can be joined together using the Boolean "and", "or" operators, as in: 

  (bird or dinosaur) and (feathers or scales) 

The Boolean "not" can be used as a binary operator, finding records which contain "this but not that", e.g., 

  dinosaur not reptile 

In addition to queries targeted at whole records (also called "documents"), queries can be limited to a particular part of the records being searched. These searchable parts are called "indexes" in CQL. For example, limiting a search to the "author" index would find matches on the names of authors. An index is specified in CQL as part of a set of indexes, in recognition that different communities of practice sometimes have unique indexes. For instance, the bibliographic and the heraldry communities would support a "title" index, but those indexes would have different meanings. 

In ISO 23950 and CQL, an "index" is an abstract concept. A CQL query that limits a search to the "author" index can be executed in various ways by the server application. For an e-mail collection, the author index may contain values taken out of the "from" field of e-mail messages; For a news clipping collection, the author index may contain values taken out of the "by-line" field in the news stories. This abstraction is very important for achieving search interoperability across intellectual domains, and over many decades of time.

Here is an example of an ISO 23950 SRU search request using a geospatial index:

  http://www.search.gov/gsdi/sru2kml.php?operation=searchRetrieve&version=1.1&maximumRecords=100&recordSchema=XML&query=geo.bounds within/partial/nwse "43.772 -101.411 31.7723 -77.7499"

This example specifes that the search targets the "geo.bounds" index, an index for bounding coordinates defined for the geospatial search community. This kind of search is not a text matching operation, but a search for points of overlap between available geosgraphic "footprints" and the area being searched. The concept of overlap is given here by the search qualifier: "within/partial". The query also specifies, through the "nwse" qualifier, that the bounding box is given in decimal degrees of latitude and longitude, with coordinates in the order of northernmost, southernmost, westernmost, easternmost.
2.3.4.3 Catalog service – OGC CSW 

The OpenGIS Catalogue Services Specification
 specifies the interfaces between clients and catalogue services, through the presentation of abstract and implementation-specific models. Catalogue services support the ability to publish and search collections of descriptive information (metadata) for data, services, and related information objects. Metadata in catalogues represent resource characteristics that can be queried and presented for evaluation and further processing by both humans and software. Catalogue services are required to support the discovery and binding to registered information resources within an information community.

The OGC Catalogue specification contains bindings of the abstract catalog model to specific transport protocols.  The Catalogue Services for the Web (CSW) binding applies the abstract model to the HTTP protocol.

With CSW the interaction between a client and a server is accomplished using a standard request-response model of the HTTP protocol. That is, a client sends a request to a server using HTTP, and expects to receive a response to the request or an exception message.

Request and response messages are encoded as keyword-value pairs within a request URI or using an XML entity-body. Requests may also be embedded in a messaging framework such as SOAP.
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Figure 5 — Catalogue service web

The CSW binding has been implemented with profiles for specific information models for the content of the repository accessible using the CSW.

2.3.5 Web Map Service

OGC Web Map Service (WMS) version 1.3 is identical with ISO 19128:2005.

Currently most implementations are OGC WMS version 1.1.1.

2.3.6 Other service types

A standardized, harmonized set of interfaces that support a service oriented view of the heterogeneous mission ground segments, which can be implemented in a cost-effective manner; enabling the construction of compound / value added services from basic interfaces.

· Discovery (collection, services)

· Catalogue

· Order

· Processing (Programming)

· Online Data Access ( future

· Mission Planning ( future

· User Management ( future

OGC context documents should be added to the list as they facilitate inter-tool interoperability and can support collaboration and information sharing in the GEOSS environment.

2.4 Engineering Viewpoint – Components Types

2.4.1 Engineering Viewpoint Summary

The Engineering Viewpoint identifies of component types to support distributed interaction between the components.  The component types are to be consistent with the Enterprise viewpoint, e.g., GEOSS as a system of systems.  The component types interact based upon the services identified in the Computational Viewpoint. Figure 6 provides a summary of the component types organized consistent with the Service Tiers identified in the Computational Viewpoint.  To limit the complexity of the diagram, interactions between components is not made explicit in Figure 6.  Services supported by specific component types is described in the section for the specific component types. 
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Figure 6 – Engineering Viewpoint Components

2.4.2 Engineering Use Cases

(Several use cases will be developed as the architecture is developed.)

2.4.2.1 Searching multiple catalogs
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Figure 7 – Multiple Catalog Search Sequence Diagram

There are at least three different ways in which the WTF-CEOP JAXA Prototype System might become a component of the GEOSS Clearinghouse architecture.

1) Searches of the GEOSS Clearinghouse could result in discovery to the URL of the WTF-CEOP JAXA Prototype System.  The user would then perform a brief registration, and could access the WTF-CEOP JAXA Prototype System at the highest level, through the data menus.

2) The WTF-CEOP JAXA Prototype System is based on Live Access Server open source software.  This software supports a “User Interface” (UI) server which responds to requests from the user’s browser by providing HTML pages with menu information.  This menu information is analogous to catalog access to the WTF-CEOP JAXA Prototype System.  Access in this manner would be equivalent to access via a Protocol (as shown in Figure 2 of the GEOSS Clearinghouse RFI). 
3) Menu information for the WTF-CEOP JAXA Prototype System is originally prepared by putting metadata in XML files.  The metadata in the XML files includes information such as latitude, longitude, height/depth, time, URL, directory, filename, etc.  The metadata in these XML files could potentially be placed in registers in the GEOSS Clearinghouse, including the UT
The method(s) provided for accessing the WTF-CEOP JAXA Prototype System through the GEOSS Clearinghouse would depend on the GEOSS Clearinghouse architecture.
The UT prototype system of document registry corresponds to a clearinghouse based on “harvested” metadata unstructured or half-structured in the GEOSS clearinghouse architecture.

2.4.2.2 Visualization of Search Responses

Eexisting catalogue standards are predominantly text based and focused on the discovery of EO products.  This ignores the majority of EO metadata and quality indicators which are stored spatially as bitmasks.  The spatial representation of information via catalogues is predominantly limited to static browse images
.  

The GEOSS Clearinghouse architecture includes the use of other web resources, such as OGC Web Mapping Services (WMS), to share spatial quality indicators and metadata.  The Clearinghouse provides the ability to search spatial quality indicators and metadata, allowing users to evaluate as well as discover EO products. 

From the users perspective, one would:

1. carry out a product search through a Clearinghouse catalogue interface;

2. select a product of interest for evaluation

3. seamlessly shift to an interactive browse interface (WMS) through which one could select and overlay bitmasks on a background view of the EO product 

2.4.3 User Interface Components

2.4.3.1 GEOSS Web Portal

(Develop using GEOSS Web Portal RFI )

2.4.3.2 Community Portals

(Develop using GEOSS Web Portal RFI )

2.4.3.3 Community Clients

(Decision support clients from GEO User Communities)

GEONETCast client

2.4.4 Business Process Components

2.4.4.1.1 GEOSS Registries

Assignment of registries to owners.

1. GEO Member & PO register - GEOSec

2. GEOSS components register - GEOSec (or Clearinghouse/portal host)

3. GEOSS Standards register - IEEE

4. GEOSS Special Arrangements register - IEEE

5. GEOSS Services register - Clearinghouse/Portal host for GEOSS-unique services

6. GEOSS Best Practices register, GEOSS Reusable components register, etc. - whoever wishes to offer them.

The GEOSS Clearinghouse will point to all these registers and the GEOSS Portal will provide an interface for searching the information in all these registers. 

IEEE plans to have it's own user interface to the Standards and Special Arrangements registers, but will be searchable by the Clearinghouse/Portal.

Since the Standards Register should be operational by the end of Feb., it will be one of the first online, functional core components of GEOSS, and therefor will logically be included in any Proof of Concept testing of GEOSS infrastructure

2.4.4.2 GEOSS Clearinghouse

The GEOSS Clearinghouse will provide a registry function for some of the registers in GEO.  A registry is an information system on which a register is maintained; whereas, a register is a set of files containing identifiers assigned to items with descriptions of the associated items (definitions from ISO 19135).  A registry provides access to the registers that it maintains.  The GEOSS Clearinghouse will be a registry for a service register for the distributed catalogue services made accessible by GEO Principals.  The GEOSS Clearinghouse may also serve as a registry for other registers to be defined, e.g., documents, terminology, coordinate reference systems, codesets, models, etc.

The GEOSS Clearinghouse provides access to a distributed network of catalogue services that support the interoperability agreements of GEO.  Member and participating organizations may nominate catalogues containing structured, standards-based metadata and other web services for access by the GEOSS Clearinghouse. The Clearinghouse provides search capability across the catalogues and their registered resources.  The GEOSS Web Portal, the subject of another GEO Task, will search the GEOSS Clearinghouse but will also provide access to other GEOSS resources. Through the use of interoperability standards, additional portals may be established for national or professional communities to access the GEOSS Clearinghouse.  The Global Spatial Data Infrastructure (GSDI), for example, offers a similar clearinghouse capacity.

The GEOSS Clearinghouse context is defined in Figure 8.  

The GEOSS Clearinghouse enables a federation of catalogues.  Each catalog shall maintain its own metadata registry.  The Clearinghouse is not a central metadata registry.  The Clearinghouse enables discovering communities.

A key consideration is that GEOSS catalogues data and services with sufficient metadata information so that users can find what they need and gain access as appropriate. [...] Users searching GEOSS catalogues will find descriptions of GEO Members and Participating Organizations and the components they support, leading directly to whatever information is needed to access the specific data or service in a harmonized way, independent of the specific provider. In this sense, the interoperable GEOSS catalogues form the foundation of a more general ‘clearinghouse’. GEOSS data resources can be fully described in context, and data access can be facilitated through descriptions of other useful analysis tools, user guides, data policies, and services. Many examples of such clearinghouse facilities already exist in the realm of Earth Observation and networked information systems generally, and many of these already employ interoperable interfaces. [...]
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Figure 8 – GEOSS Clearinghouse Architecture - Engineering Viewpoint

Specific interoperability arrangements are provided by the GEOSS Clearinghouse to maximize the ability to function in a distributed environment.  For catalogue services, the ISO 23950 (ANSI Z39.50) standard using the Geospatial Profile (GEO) may be offered. The OGC Catalogue Services Specification 2.0.1 includes references to the Z39.50 protocol binding as well as the Catalogue Services for the Web (CS-W) protocol binding, which may also be offered for search through the GEOSS Clearinghouse.  Both ISO 23950 and CS-W catalogues are anticipated offerings for search by the GEOSS Clearinghouse. The anticipated metadata standards in use include the ISO 19115 and 19139 (XML) standards and the Federal Geographic Data Committee (FGDC) Content Standard for Digital Geospatial Metadata (CSDGM, 1998). ISO 15836:2003 (Dublin Core) as applied to geospatial information is to be considered.  Additional metadata standards may be anticipated although they will require specialized programming to process the results of the distributed search.

The GEOSS Clearinghouse should anticipate the ability to perform distributed search of remote disparate catalogues and the ability to harvest and cache metadata from certain distributed collections.  Some metadata collections may be highly static or are not available through web search services (only ftp or http web directories) are amenable to caching and search within the Clearinghouse. Other metadata collections are searchable through catalogue interfaces and may be searched in parallel through the GEOSS Clearinghouse interface. Both methodologies are sought for demonstration in the GEOSS Clearinghouse proof-of-concept.

The metadata to be held by the Clearinghouse is dependent upon the approach used for searching.  Two anticipated capabilities for access to remote catalogues may include:

· Distributed search approach: search requests are sent in parallel to registered distributed catalogues.  For these catalogues the only ‘local’ Clearinghouse metadata is the registered address for the distributed catalogue stored in the Service Registry.

· Harvested approach:  The clearinghouse periodically harvests all metadata from registered distributed catalogues.  A user search request is executed against the metadata harvested from the remote catalogues and the results are managed and portrayed in the Clearinghouse.

Table 3 – GEOSS Clearinghouse Requirements

	Requirement

	Shall provide a catalog service interface conformant with TBD

	Shall provide catalog client interfaces conformant with 

· ISO 23950 (Profiles to be identified)

· OGC Catalog Services for the Web (CSW) – (Profiles to be identified

	Shall provide a registry for the following items

· GEOSS Community Catalog Service metadata

· (others)

	Shall provide for registration of items in the Clearinghouse registers by the following methods:

· 

	Shall have a TBD interface to other registries hosted at the GEO Secretariat.

	Shall be hosted on a computer hosted at TBD.  The hosting location shall provide access to the Internet.

	Maintenance of the content of Clearinghouse registers shall be performed by TBD organization.

	Maintenance of the software of Clearinghouse shall be performed by TBD organization.

	The clearinghouse shall be available at least 99% of the time, i.e., approximately 7 hours of down time a month.


2.4.4.3 Community Catalogues

Each distributed community catalogue will hold metadata records that describe geospatial information and the means to access them.  The metadata records shall be structured in accordance to standards agreed to by GEO.  A given metadata record may represent a collection of imagery, an individual image, a vector data set or collection of features, a scanned map or other georeferenced information.  Additional resource types that may be described in metadata include documents (e.g. spreadsheets, text files, HTML files), schemas, feature catalogues or data dictionaries, or other resource types of interest. Each metadata record should include a web-accessible link to the resource being described, though it may simply include instructions for other means of access.  Where standards-based web access methods are available to visualize or access a data set, these should be expressed and included in the metadata record.
2.4.4.4 Community Business Process Services

TBD

2.4.5 Data Access Components

2.4.5.1 GEONETCast

(get description of GEONETCast)

Services and content registered in catalogs to support discovery.

2.4.5.2 Observation Access Services

Services to access Earth Observation data.

EO data as features, coverages, and observations

Data access services, e.g., WMS, WFS, WCS, SOS, other

Services and content registered in catalogs to support discovery.

2.4.5.3 Model Access Services

Services to access Earth Observation Model predictions.

EO model outputs as features, coverages, and observations 

Data access services, e.g., WMS, WFS, WCS, SOS, other

Services and content registered in catalogs to support discovery.

2.4.5.4 Other Services

TBD

2.4.6 EO Data Encoding Formats

Systems interoperating in GEOSS agree to avoid non-standard data syntaxes in favor of well-known and precisely defined syntaxes for data traversing system interfaces. The international standard ASN.1 (Abstract Syntax Notation) and the industry standard XML (Extensible Markup Language) are examples of robust and generalized data syntaxes, and these are themselves inter-convertible
.

Summary Table of relevant formats including identification of the abstract information types encoded by the formats

2.5 Technology Viewpoint – Deployed Components

2.5.1 Overview

The Technology Viewpoint is the architecture of the deployed components including identification of the network addresses, URLs and other information describing the physical deployment.  

It is premature to fully specify the Technology Viewpoint for the GEOSS Clearinghouse.  Development of the Technology Viewpoint will be accomplished during the Pilot phase of the GEO Task AR-07-02.

GEO Members and Participating Organizations will need to participate in the GEOSS Component Registration Process for the components become part of GEOSS.

An example of Technology Viewpoint information relevant to the GEOSS Clearinghouse is contained in Clause 3 of this document which provides a description of the physical components that participated in a demonstration of Clearinghouse capabilities during a GEO Plenary.

2.5.2 EO-Portal – ESA contribution to the GEO-Portal

The ESA contribution to the GEO-Portal includes the support to the specification of a model web based system and the hosting of a node of a system of portals. It includes the development of such node and its interface to the GEO Clearinghouse. It covers

· the gathering of GEO user requirements from the SBAs, in particular the identification of information resources and services to be made visible through the GEO-Portal.

· The system design, implementation and test in alignment with GEO interoperability standards and test beds.

· Installation and hand-over to operations at ESA and availability installation at other interested GEO nodes.

· Early demonstrations and on-line access to the GEO-Portal as from 11/2006, hand-over to operation 2007.

· Operations

· Full documentation of the system, including user manuals

· Support to outreach activities

The work is defined along two lines:

· A focus on information content, e.g., the identification of individual information sources and services and the structuring of the information space (remote sensing, geospatial static, in-situ)

· And information system component, e.g., migration of the current EO-Portal to a new implementation, under consideration of open-source and COTS system components and interfaces

The information content will be coordinated through a dialogue with the SBAs to be established by GEO, e.g., through interaction with the UIC. The system aspects will be coordinated through dialogue within DA-06-07 for the identification of system components and interaction with AR-06-05 as regards the identification of the interoperability protocol to be used.

At present the following contributions have been identified:

· The information content resources and services located at FAO and ESA are considered as initial starting point, with the target to next include further resources available within UNSDI. Initial interest has also been communicated from the FDSN community through IRIS/USGS.

· The system component through the assessment of service discovery and catalogue search interfaces as currently defined by FAO’s GEONetwork and ESA’s HMA initiative, and the assessment of GEONetwork open-source components and COTS components.

The initial phase of the GEO-Portal work covers the period until September 2007 with the following milestones.

· GEO-Portal demonstrator by end of November

· GEO-Portal draft specifications for operational portal by February 2007

· UNSDI 1st Global Partnership Meeting at ESRIN with GEO-Portal and FAO GEONetwork presentations and demonstrations 1-3 2007.

· GEO-Portal handover to operations by September 2007.

Throughout the above milestones, user requirements shall be gathered from the GEO SBAs to extend the number and scope of information resources and services visible through the GEO-Portal, and system and interface solutions will be aligned with participants to task DA-06-07/AR-06-05 and this task.

2.5.3 GeoConnections Discovery Portal

General description

Http://geodiscover.cgdi.ca
The GeoConnections Discovery Portal is the Canadian portal and clearinghouse catalogue of metadata about geospatial data such as earth observation and topographic. The GDP is a bilingual portal (English and French) and is composed of the following:

· Web Site: Provides a web-based interface to search through geospatial data, services and organizations metadata database and present the results for human consumption in HTML. Also provides an HTML interface for searching distributed remote databases. Also includes web based forms for entering and editing metadata. Search is performed by free text, keywords, time, location, etc. 
· Web Service API: a web service API to search through data, services and organizations metadata database presenting the results in XML, intended for use by the GDP web site, but also used by several other portals such as GeoGratis (http://www.geogratis.gc.ca). 
· Metadata Database: The repository of metadata about geospatial data, organisations, and services. 
 

	 
	Total
	Published
	Unpublished

	Canadian Entries
	 
	 
	 

	Data Products
	2,160
	1,779
	381

	Organizations
	617
	595
	22

	Services
	334
	329
	5

	Non-Canadian Entries
	 
	 
	 

	Data Products
	15,288
	 15,268
	 20


On the GeoConnections Discovery Portal, two copies of translated metadata records were stored (where there is a translation available), but there are referenced by the same entry ID.  This allows to uniquely identify datasets, and to provide different language views on the record.  (A search will only return 1 hit, not a hit for both language versions of the same record). For styling, an XSL stylesheet that shows the record is provided (encoded in either language) and English/French labels for the element names.  The stylesheet that is being used is for FGDC. It is available at:

http://geodiscover.cgdi.ca/gdp/search/productCollection/styleFullMetadata.xsl
And this references the element name translation file:

http://geodiscover.cgdi.ca/gdp/search/productCollection/fullMetadataText.xml
· Z39.50 Gateway: Gateway that handles distributed Z39.50 searching in an asynchronous fashion. Based on Blue Angel Technologies software. 
· Services Registry: OGC WMS, WFS Web services are registered through this system to provide a searchable interface for layers served through Web Mapping Services. Registry based on WFS spec. 
· Thesauri, Glossaries, Semantics
Thesaurus being used: GCMD (Global Change Master Directory- theme keywords related to Earth Sciences)http://geodiscover.cgdi.ca/gdp/util/etc/UTIL_ThemeKeywordsTrans.xml 

http://geodiscover.cgdi.ca/gdp/util/etc/UTIL_ThemeKeywordsTrans.xml
· Metadata

FGDC Content Standard for Digital Geospatial Metadata (a few fields from FGDC CSDGM are not supported yet), support also subset from ISO TC 211 19115:2003 (geographic information - metadata) 

· Catalogue / Directory Services

OGC Catalog spec 1.1, looking to implement OGC Catalogue 2.0.x implementation specification 

· Web Map Services

OGC Web Mapping Service version 1.1.1http://geodiscover.cgdi.ca/gdp/search?action=searchForm&entryType=webService
http://geodiscover.cgdi.ca/gdp/search?action=searchForm&entryType=webService
· Models for metadata transportation and storage

Centralised & Distributed with QA and QC of metadata for all collections of geospatial data and connectivity for distributed databases

· Additional information: 

A Developers’ Guide to the CGDI http://www.geoconnections.org/publications/Technical_Manual/html_e/cgdiindex.html 

http://www.geoconnections.org/publications/Technical_Manual/html_e/appendix_2.html
GeoConnections Discovery Portal HELP:

http://geodiscover.cgdi.ca/gdp/help?request=helpTutorial
Software

Application software:

- Application Layer: Tomcat 5.5+, Apache 1.3+, Sun JDK 1.5+

- Database Layer: Oracle 9.2.0.4.0 (using Intermedia for FGDC XML document storage, search, retrieval). 

- Geospatial software: Compusult MetaManager, Z39.50 Gateway (Gateway that handles distributed Z39.50 searching in an asynchronous fashion; based on Blue Angel Technologies software).

2.5.4 EU Geoportal

The INSPIRE Community Geoportal is Europe's Internet access point to a collection of geographic data and services under the

Infrastructure for Spatial Information in Europe (INSPIRE) Directive <http://inspire.jrc.it/>. The EU Geoportal is currently under development and therefore it is to be considered a prototype. 

The catalogue service of the EU geoportal complies with the OGC CSW-2 ISO AP and also provides distributed access to catalogues from several EU Member States, organisations and institutions in Europe. Therefore any request to the EU geoportal catalog will also result in metadata records from all distributed catalogue services that are currently known to the geoportal and are active.

2.5.5 NASA Earth Science Gateway

NASA’s Earth Science Gateway (ESG) provides local and distributed search and harvest; visualization of remote data via Web services; publishing of data and services, and user personalization; all linked and enabled by a flexible relational database. Thanks to extensive use of open standards, ESG can tap into a wide array of online data services, serve a variety of audiences and purposes, and adapt to technology and business changes.Most importantly, the use of open standards allows ESG to function as a platform within a larger context of distributed geoscience processing, such as the Global Earth Observing System of Systems (GEOSS). 
At the heart of the NASA ESG is an OGC Catalog Service for the Web (CS-W) catalog for various earth science community resources. ESG’s catalog is based on the ebRIM profile as developed and tested during OGC’s web services testbeds, hence ensuring interoperability of queries amongst ESG and other catalogs as necessary for a sustainable and extensible GEOSS clearinghouse. 

The following catalog features are currently supported by ESG:

· Registering a variety of resources such as OGC services (WMS, WFS, WCS, context documents) as well as other earth science community resources (documents, web services, etc).

· Automatically harvesting metadata from OGC services capabilities documents by mapping a service’s GetCapabilities response to the latest OGC ebRIM profile. 

· Describing resources using both the FGDC as well as the ISO 19115 metadata standards.

· Harvesting (at a frequency that can be set by the resource publisher or the administrator) Z39.50-enabled clearinghouse nodes such as the Global Change Master Directory (GCMD), the US National Spatial Data Infrastructure (NSDI) and the Global Spatial Data Infrastructure (GSDI). This facilitates discovery of resources from independent sources across the distributed infrastructure (Figure 2). 
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Figure 2: Mechanisms for publishing resources in ESG

· Querying (in real-time) other CS-W-enabled catalogs such as NASA ECHO (via a CSW plug-in prototyped by George Mason University). The ECHO connectivity enables ESG to tap into a broad set of NASA imagery records in addition to the clearinghouse metadata described above. 

· Accepting queries (both publish and search) from external software components or services via the OGC CSW interface. As such, ESG is able to serve as a catalog for a diverse and growing set of geoscience catalog clients (Figure 3). 
· Supporting different classification schemes: Because it is based on the ebRIM profile, the ESG catalog can support a variety of classification schemes (such as the ISO 19119 topic categories, the NASA national applications, or other user-defined categories). The classification schemes provide the basis for the categories used in the search and publish queries and interfaces. 
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Figure 3: ESG search options. 
The ESG Portal User Interface

To demonstrate the value of ESG, the NASA GIO built a portal interface (online at http://esg.gsfc.nasa.gov) that supports several of the catalog functions described earlier. The ESG portal user interface supports the following features that can be leveraged in a GEOSS Clearinghouse demo:

· Discovery interface allowing users to search for geoscience data and services based on resource types (Web services; documents; applica​tions; models; datasets, etc.); topic categories (e.g., agricul​ture, ecology, oceanography); user-specified keywords; time and date; or geog​raphic location (specified as a place name, or as a place on a map). ESG allows searches not only against its own list of resources, but the GSDI Clearinghouse, which ESG harvests periodically to facilitate discovery of resources from independent sources across many different sectors of activity. Equipping ESG with this periodical harvesting capability enables it to easily support value-added services on top of returned search results in the future. 
· Publishing interface allowing users to advertise resources ranging from online Web services to documents, online and offline data, etc. For each resource, the publishing process assembles one or more complete metadata records from the online service description; from a metadata record referred to by a Uniform Resource Locator (URL); or from user input via a Web-based “wizard.” 
· Viewer interface providing controls to zoom and pan; manipulate layers; identify data values behind the view; transform the view to a variety of coordinate reference systems; and others. The viewer exercises the OGC Web Map Service (WMS) to retrieve visual “layers” from remote servers and to display them in a single view. The ESG portal integrates not only static “base map” data, but also real-time and recorded imagery and sensor observations, analytical model results, forecasts, etc., in a common geospatial visualization environment.
To more fully explore ESG’s potential as a platform for interoperable services, the NASA GIO continues to work on extending ESG to support advanced functions of interest to NASA’s Earth-Sun System activities.   As such , we have addressed:

-scientific data retrieval and rich visualization by equipping ESG with a client for OGC’s Web Coverage Service (WCS) 

- the capability of linking to third-party 3-D viewers and analysis tools such as NASA’s WorldWind, Google Earth and the Space Time Toolkit. 

The ESG portal is based on the latest portlet technologies hence enabling communities (such as the ESIP federation air quality cluster) to extend or customize ESG by defining their own portlets within ESG. The ESG portal demonstrates the value of having a standards-based platform able to integrate the resources of the NASA Earth Science community into a coherent offering to a global infrastructure such as GEOSS. 

2.5.6 ESA Service Support Environment
 

ESA Service Support Environment (SSE) is  an ESA Contribution to GEOSS Web Services.   The contribution is aimed at providing the GEOSS with service methods and systems for synergetic creation and international sharing / dissemination of data and information, contributing also to interoperability of architectural components. It may include one or more of the following items:

· Availability of the ESA SSE portal (including ToolBox and documentation) for use by GEO partners as the GEO-SSE portal

· Demonstrations of GEO-SSE capabilities to GEO partners and support to GEO outreach activities

· Training on request of GEO partners on the use of GEO-SSE and its ToolBox

· Availability of GEO-SSE for testing / implementing architectural interoperability among other GEO or GEOSS components

· Installation into GEO-SSE of new ESA’s SSE evolutions as available

· Creation of chainable GEO-SSE of new ESA’s SSE evolutions as available

· Creation of chainable GEO-SSE services for data / information dissemination using specific telecommunication infrastructure (satellite or ground based)

· Support to data / service providers and value adders in publishing / managing their services within GEO-SSE

· Installation of new GEO-SSE Portals (national, regional, thematic,…) at other sites, in English or French

· Interconnection of compatible (same language) portals within a world wide network to foster the exploitation of synergies among international data providers, value adders and service providers

· Remote monitoring of the world wide network of GEO-SSE portals

Evolution of GEO-SSE according to GEO partners needs (e.g., new requirements, other languages,…)

2.5.7 IGOS-Geohazard

IGOS GeoHazards will provided an OGC Catalogue, containing ISO 19115 metadata on Hazard maps on geological hazards, namely Earthquaques, Volcanoes and Tsunamis.

This metadata catalogue is produced within task DI-06-07. Information on Geohazards data is useful for scientists working on geosciences: if we succeed to feed this catalogue with a sufficient amount of data, scientists will be able to find out data much in a easier way. Other initiatives are going in the same direction in other organisations such as USGS, South East Asia, Italy... It is envisaged to start coordinating with them in the 2nd semester 2006.

Status: A Metadata Editor has been produced. About 15 metadata have been edited, mainly from areas in France. However, there are currently some problems related with the uploading of metadata on the server. It accounts for us having currently few metadata on it. This should be solved soon, and, in any case, before the demonstration.

Fields are defined in the user guide, which is available on the GEO ftp site: ftp://ftp.wmo.int/Projects/GEO/TaskSheets/Individual_Tasks/DI-06-07/
2.5.8 Geoportal Bund

The GeoPortal.Bund will participate in the RFI for the Clearinghouse. 

There are two possibilities to contribute the catalog component of the GeoPortal:

1st: via EU GeoPortal of the EU/JRC

2nd: directly to the future GEOSS clearinghouse application

Both cases are possible but we will only provide one type of catalog service (ISO19115/ISO19119 Application Profile for CSW 2.0, Ver 0.93 and by the end of 2007 Ver 1.0). This means also that the information and the communication will be the same for both cases.

2.5.9 JAXA Metadata Catalogue

The Japanese Aerospace Exploration Agency (JAXA) Metadata Catalogue provides searching on JAXA’s Earth Observation Satellites (ALOS, Aqua/AMSR-E, TRMM/PR, ADEOS-II, ADEOS, etc.)  The catalogues supports ISO 23950 or OGC CSW search interfaces that permit return of “Brief” and “Full” metadata records in XML format.  Searches are performed on full-text and fields, including spatial, temporal and text.  Metadata is provided for Levels 1, 2, and 3 data of JAXA’s EO Satellites – depending on each satellite. 

The point of contact is Ms. Satoko Miura: miura.satoko@jaxa.jp

2.5.10 JAXA WGISS Test Facility for CEOP

A component offered by JAXA is the “WTF-CEOP (WGISS Test Facility for CEOP) JAXA Prototype System”. (CEOP stands for the Coordinated Enhanced Observation Period. http://www.ceop.net/ ) UT offered the “UT prototype system for metadata document registry”.

The basic purpose of the WTF-CEOP JAXA Prototype System is to provide an integrated access to in-situ, satellite and model output data gathered in three archive centers for reference sites of the CEOP project, while the UT prototype allows a wide range of data/service providers to submit unstructured or half structured metadata documents on components, services and interoperability arrangements and so forth not limited to those of CEOP (see Figure 9). Using indices (keywords and location information) of metadata documents attached by the registry with the aid of a gazetteer and domain dictionaries, users can retrieve the metadata documents. Since the quality and quantity of the gazetteers and the domain dictionaries are not sufficient to cover the entire globe and all application domains, generation/editing tools for gazetteers and dictionaries will also be provided to invite the participation of GEO members to enrich the contents.
[image: image12.wmf]
Figure 9 – JAXA Prototype System and UT Prototype System

Through a standard web browser, the WTF-CEOP JAXA Prototype System presents a series of menus through which the user may select a type of data, a time and location for the data, and a type of output (e.g. time series of 2D plot, view data values on the screen, download the data as a file in various formats).  After menu selections are complete the WTF-CEOP JAXA Prototype System obtains the requested data from the appropriate archive, prepares the requested output and sends the results to the user’s browser.

2.5.11 USGS/IEEE Registries

USGS proposes to offer an out-of-the-box SOA registry solution from Sun hosted on IEEE's server. We also offer to deploy a refined instance of GeoNetwork as a Clearinghouse gateway instance to access Z39.50 and CS-W "base" implementations. We will work through FGDC contract staff at EROS and A/WWW to couple the Clearinghouse with the SOA registry for service entrypoints. 

2.5.12 Infoterra Web Map Service

Infoterra proposes to contribute a reference client / server implementation of the  WMS application profile for EO products for test and evaluation as part of the Clearinghouse POC.  The Web client and WMS server instances provided would allow users to interactively browse and evaluate the spatial quality indicators and metadata for an example set of EO products.

2.5.13 UNSDI/FAO/UNEP components

(Further definition of component is requested.)

(http://www.fao.org/geonetwork/)
2.5.14 GEONETCast

The GEONETCast Implementation Group was very interested in being part of the GEOSS Clearinghouse RFI and the POC phase.  GEONETCast is pretty well described in technical terms in various documents and presentations - in terms of data content that's a continuously evolving issue currently ..!! I'd be pleased to hear your view on what will be necessary to include GEONETCast in the Clearinghouse register - and on how the evolutions will be tracked.
  

(need to get GEONETCast documents for detail)

2.5.15 EO GEO

Identified as an interoperable search portal from operational GEOSS components

(Further definition of component is requested.)

(http://www.eogeo.org/)
2.5.16 Global Spatial Data Infrastructure (GSDI) Registry
Identified as an EO resource catalog from operational GEOSS components

(Further definition of component is requested.)

2.5.17 Global Change Master Directory (GCMD)
Identified as an EO resource catalog from operational GEOSS components

(Further definition of component is requested.)

2.5.18 Consortium for International Earth Science Information Network (CIESIN)
Identified as an EO resource catalog from operational GEOSS components

(Further definition of component is requested.)

2.5.19 ADEN/AADN ALOS Interoperability – ESA
 

As one of the first pairs of GEOSS components scheduled to be implemented, ESA proposes the interconnection and interoperation between two regional ALOS nodes, the European ADEN node and the American AADN node. It is proposed to base this implementation on catalogue interoperability standards defined by GEOSS. At present discussions with the AADN node will be initiated to define requirements for catalogue access between the nodes. An implementation could be envisaged once requirements are consolidated and the GEOSS interoperability specifications are available.
2.5.20 WMO Global Telecommunications System (GTS)

(This component is identified in GEOSS 10-Year Implementation Plan Refernce Document, Annex 1 – Table of Initially Identified Systems; in the category of Data exchange and dissemination systems.  Need to confirm if this component will be part of this AR-07-02 Architecture.)

2.5.21 Future WMO Information System (FWIS)

(This component is identified in GEOSS 10-Year Implementation Plan Refernce Document, Annex 1 – Table of Initially Identified Systems; in the category of Data exchange and dissemination systems.  Need to confirm if this component will be part of this AR-07-02 Architecture.)

2.5.22 United States – National Spatial Data Infrastructure (NSDI)

(This component is identified in GEOSS 10-Year Implementation Plan Refernce Document, Annex 1 – Table of Initially Identified Systems; in the category of Data exchange and dissemination systems.  Need to confirm if this component will be part of this AR-07-02 Architecture.)

3 Demonstration Catalog Descriptions

3.1 Summary

GEOSS Members and Participating Organizations demonstrated components important to development a GEOSS Clearinghouse. The GEOSS Clearinghouse Task Team organized the demo in conjunction with the GEO-III Plenary, Bonn, 28-29 November 2006.  The demo is an element of the progress of the GEO Architecture and Data Committee

The Demo was part of the GEOSS Clearinghouse Request for Information (RFI) process.  The GEOSS Clearinghouse RFI seeks comments on requirements and architecture for a GEOSS Clearinghouse.  The RFI also invites participation in a Proof of Concept phase, which will begin January 2007.

The demo consisted of clients and catalogue servers from these organizations:

· European Space Agency (ESA)

· European Commission/Joint Research Centre (JRC)

· Integrated Global Observing Strategy – Geo Hazards (IGOS-G)

· United States/National Aeronautics and Space Administration (NASA)

Each participant demonstrated how their components achieve some or all of the requirements of the GEOSS Clearinghouse RFI including distributed searching (See Figure 10.  

A description of each demonstration catalog is provided in the following sections.
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Figure 10 - Clearinghouse Demonstration Architecture

Table 4 – GEO-III Plenary Demo TIE Summary
	Catalog Servers
	Catalog clients

	
	ESA EO-Portal
	EU/JRC Client
	IGOS-G
	NASA ESG

	ESA Service Support Environment
	tested
	
	
	

	EU/JRC INSPIRE Geoportal Catalogue
	
	tested
	
	

	Germany Geoportal Bund
	
	tests
	
	

	IGOS-Geohazards
	
	tests
	tested
	tests

	US/NASA ESG
	
	
	tests
	tested


(Entries in Table need to be confirmed)

3.2 EC/JRC Catalog Description

3.2.1 Catalogue Name 

<Short Name / Title of the Catalog Service>

INSPIRE EU Geoportal Catalogue
3.2.2 Organisation 

<Name and Adress of the Catalogue Service Provider>

European Commisson – DG Joint Research Centre

Institute for Environment and Sustainability – TP 262

Spatial Data Infrastructures Unit

I-21020 Ispra (Varese), Italy

Attn: Ioannis Kanellopoulos

3.2.3 Catalogue Description

<Description / Abstract of the Catalogue Service>

The INSPIRE Community Geoportal is Europe's Internet access point to a collection of geographic data under the Infrastructure for Spatial Information in Europe (INSPIRE) Directive. INSPIRE aims at making available relevant, harmonised and quality geographic information to support formulation, implementation, monitoring and evaluation of Community policies with a territorial dimension or impact.
The EU geoportal acts as a gateway to geographic data and services, distributed around Europe, allowing the users to search for geographic information, view on their screens or, subject to access restrictions, download geographic data on their computers. 
The EU geoportal catalogue is a metadata broker for accessing distributed metadata catalogues from EU Member States and European Organisations and Institutions.
3.2.4 Catalogue Service Protocol

<Interface Implementation Specification (Protocol) supported by the Catalogue Service>

· Protocol Type, version : OGC CSW 2.0
3.2.5 Application Profile

<Profile of the Interface Implementation Specification supported by the Catalogue Service >

· OGC CSW 2.0 AP ISO19115/19 V0.9.3 (DE-Profile 1.0.1)
3.2.6 Compliance

<Level of Compliance supported by the Protocol/Profile>

· Compliant to OGC CSW 2.0 Core (supporting queryables as shortnames (e.g. title) instead of Xpaths (e.g. /csw:Record/dc:Title), outputSchemas: “ogcCore”, “Profile” / ”IsoProfile”

· Compliant to OGC CSW 2.0 AP ISO19115/19 V0.9.3 (DE-Profile 1.0.1) CSW-T class (except the getDomain operation)

3.2.7 Query Language(s)

<Description / Listing of the Supported Query Language(s) and supported operators>

· OGC Filter 1.0.0

· OGC CQL 2.0.0
3.2.8 Bindings

<Supported Interface Protocol Bindings>

· HTTP/XML/POST

· HTTP/XML/SOAP
3.2.9 Metadata-Profile

<Metadata Profile of the results (if any specific defined)>

· no specific defined (OGCCORE, ISO19115/19)

3.2.10 Results (Elements/Retrieval Formats)

<short names, output formats and encodings of the element sets>

· Format of Results: XML

· Result-Elementsets: brief, summary, full 

· Encoding of Resultsets (Outputschema): no specific defined: CSW 2.0 OgcCore, CSW 2.0 AP Iso19115/19 Profile

3.2.11 Startpos / Endpos

<Support for the definition of the result range: from “Startpos” to “Endpos”>

startPos = 0..hits-1, maxRecs = 0..∞ (should be <= 100)
3.2.12 Support for distributed search 

YES: The INSPIRE EU Geoportal Catalogue has the possibility to define distributed / federated searches
3.2.13 Collections

<Supported collections> 

· supported typenames: as defined in CSW 2.0 AP ISO19115/19 

3.2.14 Authentication required?

· not for the search operations (only catalogue transaction operations)

3.2.15 URL´s

· URL of the Catalogue Service : 
http://geoportal.jrc.it/csw/CSWStartup?service=CSW&request=GetCapabilities
3.3 ESA/HMA Catalog Description

3.3.1 Catalogue Name 

European Space Agency’s Collection Catalogue
3.3.2 Organisation 

ESA
3.3.3 Catalogue Description

Provides an ISO19115(19139) compliant view of the various collections (dataset series) of satellite data provided by the European Space Agency.  This catalogue provides the first point of query in what is typically a two-step approach to finding the individual instances of the satellite data products.
3.3.4 Catalogue Service Protocol

OGC CSW 2.0.1
3.3.5 Application Profile

OGC CSW 2.0.1 AP ISO19115/19

3.3.6 Compliance

The catalogue is supported using the GeoNetwork catalogue server alpha release, and is thus at the compliance level of this software, but should be to ISO AP 04-038r4
3.3.7 Query Language(s)

OGC Filter 1.0.0

3.3.8 Search Attributes 

None

3.3.9 Bindings

HTTP/XML/POST

3.3.10 Metadata-Profile

ISO19115

3.3.11 Results (Elements/Retrieval Formats)

· Format of Results: XML
· Result-Elementsets: brief, summary, full
· Encoding of Resultsets (Outputschema): ISO19139 
3.3.12 Startpos / Endpos

As per OGC CSW 2.0.1 AP ISO19115/19

e.g. startPos = 0; maxRecs = 10

3.3.13 Support for distributed search 

No direct support for distributed search.  The second level of search (to identify individual products of interest) is being developed, but the “complexity” of this distribution shall not be exposed through the interface, instead managed by a “Façade” towards the client

3.3.14 Collections

Is a collection of collections.
3.3.15 Authentication required?

No

3.3.16 URL´s

· URL of the Catalogue Service: 

· http://hma.spacebel.be:8080/geonetwork/srv/en/csw 
(but should be available on ESA server in short term)

· URL of the Authentication Service (if required):

· none
3.4 IGOS-Geohazards Catalog Description

3.4.1 Catalogue Name 

Hazard maps catalogue (GeoHazData)
3.4.2 Organisation 

IGOS Geohazards
3.4.3 Catalogue Description

Provides ISO19115 metadata on Hazard maps. The collection of hazards maps is a requirement of GEO task DI/06/07. The present catalogue is a demonstrator that contains on some hazards maps produced at the BRGM (French Geological Survey).
3.4.4 Catalogue Service Protocol

OGC CSW 2.0.0

This information is available under: http://193.56.4.167/ionicwrs/wrs/WRS?request=getcapabilities
3.4.5 Application Profile

OGC CSW 2.0.0 ebRIM

3.4.6 Compliance

The catalogue is supported using the IONIC catalogue server
3.4.7 Query Language(s)

OGC Filter 1.0.0 (To be confirmed)

3.4.8 Search Attributes 

At this step: none available

3.4.9 Bindings

HTTP

3.4.10 Metadata-Profile

ISO19115

3.4.11 Results (Elements/Retrieval Formats)

· Format of Results: XML
· Result-Elementsets: brief, summary, full (To be confirmed)

· Encoding of Resultsets (Outputschema): ISO19139 
3.4.12 Startpos / Endpos

As per OGC CSW 2.0.0 IONIC

e.g. startPos = 0; maxRecs = 3
3.4.13 Support for distributed search 

This has not been tested up to now although IONIC should support it.

3.4.14 Collections

Metadata contain information on Hazard map or of set of hazard maps (name, authors, geographical coordinates, etc…)
3.4.15 Authentication required?

No

3.4.16 URL´s

· URL of the Catalogue Service: 

· http://193.56.4.167/igosAccess/ 

· http:// 193.56.4.167/ionicwrs/wrs/WRS?request=getrecords
· URL of the Authentication Service (if required):

· none
3.5 US/NASA Catalog Description

3.5.1 Catalogue Name 

NASA Earth Science Gateway (ESG)
3.5.2 Organisation 

NASA/Geosciences Interoperability Office

3.5.3 Catalogue Description

At the heart of the NASA ESG is an OGC Catalog Service for the Web (CSW 2.0) catalog for various earth science community resources. ESG’s catalog is based on the ebRIM profile as developed and tested during OGC’s web services testbeds, hence ensuring interoperability of queries amongst ESG and other catalogs as necessary for a sustainable and extensible GEOSS clearinghouse. 

3.5.4 Catalogue Service Protocol

OGC CSW 2.0.10

3.5.5 Application Profile

ebRIM 2.5 profile 

3.5.6 Compliance

Compliant to OGC CSW 2.0 & ebRIM profile
3.5.7 Query Language(s)

OGC Filter 1.0 (No support for CQL)

3.5.8 Search Attributes 

None
3.5.9 Bindings

GetCapabilities - GET (POST)

GetRecords – POST (GET)

GetRecordById – GET (POST)

GetRepositoryItem – GET

PutRepositoryItem - POST

Transaction - POST
3.5.10 Metadata-Profile

We currently support FGDC, ISO19115 and DDMS

3.5.11 Results (Elements/Retrieval Formats)

· Format of Results: XML

· Result-Elementsets: brief, summary, full

· Encoding of Resultsets (Outputschema): UTF-8

3.5.12 Startpos / Endpos

As per OGC CSW 2.0.1 AP ISO19115/19

e.g. startPos = 0; maxRecs = 10

3.5.13 Support for distributed search 

We do not support distributed search.

3.5.14 Collections

3.5.15 Authentication required?

No

3.5.16 URL´s 

(As the server is being moved to a new location and tested, the compusult copy of the server can be used for this demo)

· URL of the Catalogue Service: 

· http://destiny.compusult.net/wes/serviceManagerCSW/csw
· URL of simple search client

· http://destiny.compusult.net/wes/ServiceManagerCSW/searchViewer/searchViewer.jsp
3.6 GeoPortal Bund Catalog Description

3.6.1 Catalogue Name 
GeoPortal.Bund

3.6.2 Organisation 

Federal Agency for Cartography and Geodesy

Office of the Interministerial Committee for Geo Information (IMAGI)

Richard-Strauß-Allee 11 

60598 Frankfurt am Main 

Jürgen Walther 

Tel.: 069/ 6333-297 

Fax.: 069/ 6333-446

3.6.3 Catalogue Description

The GeoPortal.Bund is the main entry point for the SDI in germany. It’s a web based broker that accesses diverse OGC compliant services (CSW, WMS, WFS) and supports these interfaces for external access.

3.6.4 Catalogue Service Protocol
Protocol Type, version : OGC CSW 2.0

3.6.5 Application Profile

OGC CSW 2.0 AP ISO19115/19 V0.9.3 (DE-Profile 1.0.1)

3.6.6 Compliance

•
Compliant to OGC CSW 2.0 Core (supporting queryables as shortnames (e.g. title) instead of Xpaths (e.g. /csw:Record/dc:Title), outputSchemas: “ogcCore”

•
Compliant to OGC CSW 2.0 AP ISO19115/19 V0.9.3 (DE-Profile 1.0.1) 

3.6.7 7.
Query Language(s)
•
OGC Filter 1.0.0

•
OGC CQL 2.0.0

3.6.8 Bindings

<Supported Interface Protocol Bindings>

•
HTTP/XML/POST

•
HTTP/XML/SOAP

3.6.9 Metadata-Profile

•
OGCCORE, ISO19115/19, brief, summary

3.6.10 Results (Elements/Retrieval Formats)

· Format of Results: XML

· Result-Elementsets: brief, summary 

· Encoding of Resultsets (Outputschema): CSW 2.0 OgcCore, CSW 2.0 AP ISO19115/19 Profile

3.6.11 Support for distributed search 
YES: The Geoportal.Bund Catalogue has the possibility to define distributed / federated searches

3.6.12 Authentication required?

•
Not yet

3.6.13 URL´s

•
URL of the Catalogue Service : 

http://ims3.bkg.bund.de/mdm/CSW2Servlet
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� GEOSS Components Registration, GEO Task Team AR-06-04, 26 January 2007.
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� GEOSS 10-Year Implementation Plan Reference Document, Section 5, "Architecture of a System of Systems", February 2005.
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� Response to the GEOSS Clearinghouse RFI, ESA-HMA, January 2007


� ESA HMA, November 2006


� Response to the GEOSS Clearinghouse RFI, Submitted by JAXA (Japanese Aerospace Exploration Agency) and University of Tokyo (UT).  UT Point of Contact: Prof. Ryosuke Shibasaki.  Janaury 2007


� Response to the GEOSS Clearinghouse RFI, Thomas Lankester, Infoterra Ltd., December 2006


� GEOSS Clearinghouse RFI, GEO Task Team AR-06-05, October 2006
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� Response to the GEOSS Clearinghouse RFI, Gonéri Le Cozannet, IGOS Geohazard Bureau, 20 October 2006


� Response to the GEOSS Clearinghouse RFI, Juergen Walther, Germany, 22 December 2006


� Response to the GEOSS Clearinghouse RFI, Submitted by JAXA (Japanese Aerospace Exploration Agency).  JAXA Point of Contact, Ms. Satoko Miura, February 2007


� Response to the GEOSS Clearinghouse RFI, Submitted by JAXA (Japanese Aerospace Exploration Agency) and University of Tokyo (UT).  UT Point of Contact: Prof. Ryosuke Shibasaki.  January 2007


� Response to the GEOSS Clearinghouse RFI, Thomas Lankester, Infoterra Ltd., December 2006


� e-mail from Mike Williams, Eumetsat, January 2007


� GEOSS Clearinghouse: Demonstration of Existing Capability, Statement of Work, proposed, Eliot Christian, 6 February 2007.


� GEOSS Clearinghouse: Demonstration of Existing Capability, Statement of Work, proposed, Eliot Christian, 6 February 2007.
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