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Note di presentazione
Upon completion of this lesson you should be able to:

Explain the role of metadata for spatial data sharing across distributed networks
List the main metadata standards on spatial datasets and services
Outline the role of Catalog Services in data sharing across distributed networks
Describe the concept of distributed Catalog Services as well as its underlying principles

What is metadata? How important is metadata for spatial data sharing? Metadata is regarded as a time and labor-intensive task. Indeed, metadata generation is a tedious task, but metadata might bring long-term benefits. In this lesson, you will be learning about the role of metadata for spatial data sharing and exchange as well as about the available standards for specifying geographic metadata content. In the second part of this lesson, we will discuss about metadata repositories and their role in metadata storage, management and data searching, finding and accessing.



Metadata definition

Metadata is like onion….

Source: http://www.the‐ark.org
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Relatore
Note di presentazione
Metadata (“data about data”) provides detailed description of the available spatial datasets and services. Data documentation offers the users the possibility to find the available GI content and to assess whether the discovered GI resources fulfill the requirements of their application in terms of scale, accuracy, actuality etc.




Geographic Metadata



 
Documentation of geographic resources ( data and web 

 services):


 

What – title, short description of the available geographic resources



 

Who
 

–
 

publisher, owner



 

Where
 

– geographic coordinates



 

Why – data collection purpose



 

When
 

– temporal information and maintenance



 

How – data access, data lineage

Relatore
Note di presentazione
Metadata gives answer to the following questions:
What spatial data (or service) are available?
Who is responsible for data and metadata generation?
Where (geographic location)?
Why were the data collected?
When were the data acquired?
How to access the available data?




Metadata  Roles

Users



 
Discovery Role



 
Exploration Role



 
Exploitation Role

“When a manager launches a new project, investing a small amount of time and resources at the 

 beginning pay dividends in the future”

 

(GSDI Association, 2009)

Providers



 
Inventory role



 
Documentation role



 
Advertising role

Relatore
Note di presentazione
Metadata increases the lifetime and value of the available spatial datasets (Nance et al, 2005) by achieving the following roles:

Inventory role: metadata help data providers to organize and maintain a coherent organization‘s investment in data, to avoid data duplication and thus, to save time and money
Documentation role: reporting of descriptive metadata promotes the availability of geodata beyond traditional geospatial community 
Advertising role: data producers can inform the others about their assets

On the other hand, metadata provides end users with the appropriate mechanisms to search, find and access data:
Discovery role: metadata permits structured search, by providing structured information about the “intrinsic” content of geographic resources (geographic resources we refer to both geodata and services) 
Exploration role: metadata provides users with the information needed to evaluate discovered data and thus to ascertain whether discovered geographic resources fulfill the requirements of a task at hand: data quality, spatial, thematic or temporal resolution etc.
Exploitation role: metadata provides users with adequate information for using data in an appropriate way: information about the distributor (name, address), ordering instructions, fees if any etc.





Metadata –
 

characteristics



 
A geographic resource should have one metadata 

 record (1:1 rule) 



 
Metadata must be parseable and exchangeable


 
Encoded in Extensible Markup Language (XML)

<?xml version="1.0" encoding="UTF-8" standalone="no"?>
<gmd:MD_Metadata ……xsi:schemaLocation="http://www.isotc211.org/2005/gmd 
http://www.isotc211.org/2005/gmd/metadataEntity.xsd">

<gmd:fileIdentifier>
<gco:CharacterString>{9833F6ED-9FA4-4CFC-9C49-6568F56CDB17}</gco:CharacterString>

</gmd:fileIdentifier>…………

<gmd:metadataStandardName>
<gco:CharacterString>ISO 19139/19115 Metadata for Datasets</gco:CharacterString>

</gmd:metadataStandardName>

………..
</gmd:MD_Metadata>

Relatore
Note di presentazione
There are two main rules that apply to metadata:
a discrete resource should have a discrete metadata record (1:1 rule)
metadata must be exchangeable and parseable (Metadata has be expressed into a language that can be understood by computers).

As you can see above, data documentation is encoded into XML Language. XML encoding is not enough for consistent data documentation. Therefore, a XML Schema defining the metadata elements is also required. At a closer look at the XML Metadata Document displayed above, you can see that the root element (<gmd:MD_Metadata>) has several attributes: 
Namespaces: xmlns: gco,  xmlns:gmd, xmls: gml
schema location: xsi:schemaLocation="http://www.isotc211.org/2005/gmd http://www.isotc211.org/2005/gmd/metadataEntity.xsd. This schema defines metadata elements (fileIdentifier, metadataStandardName, title etc), attributes (codeList=“...”), data types (gco:CharacterString), ordering, nesting etc. into a consistent and comprehensive way. This metadata schema has been specified by ISO/TC211. 

With an increasing focus on geodata sharing and geodata integration into corporate information systems, the development of metadata standards has become a priority. Thus, metadata may be exchangeable and parseable as long as it follows an abstract model defined by organizations responsible for standardization within GI domain. In the next section some of the available metadata standards and their underlying characteristics are introduced.



Metadata – Standards 



 
Dublin Core



 
Federated Geographic Data Committee (FGDC)



 
ISO* 19139/19115 (data)



 
ISO 19139/19119 (web services)



 
INSPIRE**

 
Metadata Implementing Rules



 
…..

*International Organization for Standardization (ISO)

**Infrastructure for Spatial Information in Europe (INSPIRE) 

Relatore
Note di presentazione
Dublin Core metadata standard is used to describe different data (not only spatial data)
ISO 19139/19115 is the metadata standard dedicated to the spatial data documentation (ISO 19139:2007 and ISO 19115:2005)
ISO 19119 describes the structure of a metadata model for spatial web service instances to help searching, discovery and using available services (ISO 19119:2003) . 
FGDC standard (Federate Geographic Data Committee) is one of the earliest attempts to devise a standard for geospatial metadata. In 1994 the first version of this standard known as Content Standard for digital Geospatial Metadata (CSDGM) has been adopted. The second version was adopted in 1998 and contains 334 elements. 
INSPIRE Metadata Implementing Rules define the guidelines for documenting the spatial data shared across EU Countries
National profiles: besides the acknowledged international standards, national metadata profiles are developed in order to document the spatial data according to the national rules and regulations: e.g. data access policies might be different from one country to another and therefore additional metadata elements might be required to document the new data sharing policies





Dublin Core (DC) metadata

Source: Longley et al., 2005



 
Dublin Core Metadata Initiative



 
Simple DC: 15 metadata elements 



 
Qualified DC:


 
Additional elements


 
Audience



 
Provenance



 
Rights holder



 
Qualifiers

Relatore
Note di presentazione
The metadata elements specified by the Dublin Core are outlined in the above table!



ISO 19139/19115 

Source: Longley et al., 2005

Relatore
Note di presentazione
The image presented above depicts the relationship between ISO 19139 and the other ISO metadata standards. The ISO 19139  Schema (ISO 19139:2007 ) defines the technical encoding specifications of the metadata. ISO 19115  “provides a comprehensive vocabulary and structure of metadata used to describe geographic data, whereas ISO 19119 provides the vocabulary and metadata elements used to describe the published (geo) web services” (GSDI Association, 2009). As depicted in the image presented above, the ISO 19115 standard can be extended to reflect the characteristics of various spatial data structures such as gridded data and imagery or it can be extended to reflect the data documentation requirements specific to different countries: e.g. North American profile of 19115. 




ISO 19139/19115 –
 

metadata elements

Source: ISO 19139/19115

Relatore
Note di presentazione
ISO 19115 metadata standard identifies an extended set of metadata elements required to describe geospatial data:
MD_Metadata contains the Metadata entity set information that is an aggregation of MD_Identification, MD_ReferenceSystem, MD_Distribution, MD_Contraints, MD_SpatialRepresentation etc. classes
MD_Identification: is an abstract class that contains information to uniquely identify the described information resources. It may be implemented as MD_DataIdentification or as SV_ServiceIdentification and may contain the following entities: data format, graphic overview, uses of data, keywords, maintenance information and aggregate information.
MD_Constraints: contain information about data access restrictions (both legal and security restrictions).
DQ_DataQuality provides information on data completeness, logical consistency, positional temporal or thematic accuracy.
MD_MaintenanceInformation: updating cycle of data (weekly, daily etc.)
MD_SpatialRepresentation: vector representation or grid representation
MD_ReferenceSystem: identifies the used geographic reference system 
MD_ContentInformation: feature catalogue description and coverage description. This metadata item describes in detail the content (attributes) of the documented spatial resource
MD_Distribution: describes resource’s procurement approach




Metadata  Editors



 
Desktop Editors



 
Online metadata Editors

Relatore
Note di presentazione
Metadata can be published using an online metadata editor (see the image above) or desktop metadata editor. Today, an increasing number of geoportal applications offer the possibility to generate metadata using the metadata editor hosted on the application. Metadata publisher fills in information about data or services to create metadata. Usually, if users need assistance, hints (help buttons) provide more information about what values should be filled in each field. Generated metadata is then added to a metadata repository (called also catalog). Exiting editors permit metadata publishers to validate their records before sending them to a catalog. The INSPIRE metadata editor allows data suppliers to document their assets following the INSPIRE metadata specification.



Metadata catalogues



 
services for:


 
Storing and managing metadata



 
discovering documented web resources



 
SDI* building‐blocks
*Spatial Data Infrastructure

Relatore
Note di presentazione
Once created, the metadata on spatial data and services is stored and managed into a repository or registry (sometimes called also metadata catalog). The metadata catalog offers the possibility to systematically search and find the documented spatial assets. It stores and manages the indexed and searchable metadata “against which intelligent geospatial search can be performed within or among SDI communities” (GSDI Association, 2009). The mechanism to classify, register, describe, search, maintain and access information on geodata and services is defined differently within geospatial community: repository, metadata registry spatial data directory, clearinghouse etc. In the image presented above, you can see a metadata catalog implemented using ESRI Geoportal Server. The published metadata entries are accompanied by information about: 
Title: the title of the metadata items
Owner: the metadata publisher 
Status: an administrator is responsible for validating the published metadata (check against implemented metadata standards). If metadata is valid, then it is stored in the catalog under approved status. Otherwise, additional editings of the metadata items are required before they are accepted as valid metadata entries.
Method: metadata can be published using an online metadata editor embedded on the same platform where the Catalog Service is running or can be generated using an external editor (either online or desktop Editor) and then imported into the implemented catalog service
Date: give information on the date when metadata has been published



Catalogue service standardization



 
Examples


 
ISO 23950 Search and Retrieve Protocol



 
Open Geospatial Consortium (OGC®) Catalogue Service

Relatore
Note di presentazione
To allow metadata query and harvesting across distributed platforms, the catalog services have to be aligned to the existing cataloguing standards. Some of the available standardization efforts dedicated to the metadata catalog services are outlined below:
ISO 23950 Search and Retrieve Protocol (ANSI Z39.50) has been developed for the library community for accessing virtual catalogs
OGC Catalogue Service Implementation Specification
ebRIM is a Metamodel developed by the Advancement of Structured Information Standards (OASIS)  for documenting and managing metadata items in a web  catalog (OGC, 2007)



OGC®
 

Catalogue Service



 
search, management and access of machine readable 

 metadata about available data and services



 
Registered metadata adhere to metadata standards

Relatore
Note di presentazione
A discovery catalogue that adheres to OGC Catalog Services Specifications should have the following characteristics (Batcheller, 2008):
enables discovery, management and access of machine readable metadata for both data and services
is based on the “publish, find and bind” web architecture: the users can send query against the metadata records stored in the catalog
Registered metadata must adhere to certain metadata standards: e.g. ISO 19115 for spatial datasets or ISO 19119 for web services




OGC®
 

Catalogue Service ‐
 

General Model

Source: OGC, 2007

*Common Object Request Broker Architecture
**Component Object Model (COM) 

Relatore
Note di presentazione
The General Model of the OGC Catalog Services Specifications defines the behavior and interfaces valid for all kinds of catalogs. A Distributed Computing Platform (DCP) is needed to allow these catalog services to communicate with each other. Catalog Services Specifications support the following platforms: CORBA, COM and Web/HTTP. As the diagram displayed above, there is an implementation profile for each of these platforms. These profiles are based on the general OGC Catalogue Services General Model and defines mappings between the operations and parameters of the General Model with the operations and parameters of the profiles.
Besides the distinction based on the DCP, implementation profiles can be stateful or stateless. Stateful means that the client and server maintain a session when communicating that stores the requests. Stateless servers “forget” the request they handled right after they are processed.
The CORBA profile is stateful and defined in Interface definition language (IDL) of Object Management Group (OMG). In the same specification there is another stateful profile, the so-called Stateful Catalogue Services Web-Profile, based on the Z39.50 standards. This was specified for interoperability with other areas of the Z39.50 applications. In the current version of OGC Catalog Services, there is a stateless Web/HTTP profile called OGC Catalog Service for Web (CSW) which better suites the OGC Web Services architecture.
 



OGC®
 

Catalogue Service for Web (CSW)



 
Expose geospatial catalogs on the Internet



 
OGC®

 
CSW types:



 
Transactional CSW



 
Read‐Only CSW

Source: OGC, 2007

OGC queryable 

 
term

Dublin Core element name XML element name

Title title  dc:title
creator dc:creator

Subject subject dc:subject
Abstract description dc:description

publisher dc:publisher
contributor dc:contributor

Modified date dc:modified
Type type dc:type
Identifier identifier dc:identifier
Source source dc:source

language dc:language
Association relation dc:relation
BoundingBox coverage ows:BoundingBox

right dc: rights

Relatore
Note di presentazione
The OGC Catalog Service for Web (CSW) “is a standard for exposing a catalogue of geospatial records on the Internet over HTTP” (Wikipedia, 2013). CSW provides a general model for geospatial data discovery through catalogs, specifying the following services: 
management service: creation, entry, update and deletion of metadata entries to a catalogue 
discovery services (search and retrieve metadata entries)

There are two types of CSW: 
Transactional CSW allows users to publish, edit and delete metadata; and  
Read Only CSW supports only metadata search and retrieval.

The metadata records must contain a set of core elements defined by the Dublin Core. CSW enables metadata query using these core elements (see the table above). 



OGC®
 

CSW ‐
 

operations

Source: Lieberman, 2008

Service Class

Management ClassDiscovery Class

Relatore
Note di presentazione
OGC Catalog Service for the Web (CSW) specifies seven operations which are grouped into three main classes:
Service class: getCapabilities request used to generate the capabilities document
Discovery class: getRecords (used to query the catalog and to send back the response document containing result records), getRecordById (used to query the catalog for records with a specified id) DescribeRecords (used to generate record schema), getDomain (used to request the value domain of the metadata properties), getRespositoryItem
Management class (optional): harvest and transaction operations. There are three transaction operations: insert metadata item, update metadata item and detele metadata item. The harvest operation is used to retrieve the metadata item stored in another CSW service.
Data access (optional): the documented spatial data or serviced can be accessed using the provided distribution link or by ordering datasets using the custodian’s contact details avilable in the retrieved metadata item.
  The above mentioned operations (or requests) are sent to the server over HTTP protocol. The HTTP/1.1 Specifications defines two request methods: the HTTP-Get and HTTP-POST method. The OGC CSW specifications supports both method. 
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Searching in distributed catalogues

Source: GSDI Association, 2009
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Relatore
Note di presentazione
The process of searching in distributed catalogs involves the following steps: users formulate as accurately as possible their data queries. User ‘s request is posted to a Catalog Gateway (interface) responsible for registering the metadata content of different catalog services. This interface has to implement the ‘harvest’ operation in order to gather the metadata records stored in different distributed catalogs.  Thus, search request is transmitted to all registered catalog services. Each catalog service manages metadata entries and returns discovered metadata items to the users. Please recall, that a catalog does not gather data per se, but references to the data (and web services).




Metadata catalogue ‐searching technique

Relatore
Note di presentazione
Searching techniques:
Search by keywords
Temporal filtering (‘start date’, ‘end date’)
Spatial filtering – WHERE (‘anywhere’, ‘intersecting’, ‘fully within’)
Topics/Categories filtering

The users query existing geospatial catalogues using keywords, very often in combination with additional temporal and spatial criteria: e.g. bounding box. This approach is a useful starting point for spatial information discovery and retrieval, but it has shortcomings generated by the differences in the semantics of the documented GI resources (Bishr, 1998). As users’ terminology (used keywords) might be different from the keywords used by data providers to document their assets, keyword-based search may have low recall (Athanasis et al 2009). This means that the users cannot discover all published metadata items. The keyword-based search can have also low precision, i.e. some of the discovered geographic information is not relevant. Solution for overcoming the above presented semantic heterogeneity will be discussed in the last lesson of this module. 



Summary

Relatore
Note di presentazione
In this lesson, we have discussed about metadata and its role in data sharing across disciplines, communities and geographic boundaries. The metadata generated following existing standards are stored into standardized catalog services that enable data search and discover in a distributed way. The metadata catalog is a core component of any SDI. A comprehensive assessment of the implemented metadata catlos can be found in Crompvoets et al (Crompvoets  et al, 2004).  
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