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i. Preface

This document specifies the service core of an OGC Web Coverage Service (WCS). The core is based on the Geography Markup Language (GML) coverage data model [07-036], OWS Common [OGC 06-121r8], and Abstract Topic 6 - Coverages [07-011].

Suggested additions, changes, and comments on this draft document are welcome and encouraged. Such suggestions may be submitted by email message or by making suggested changes in an edited copy of this document.

ii. Terms and definitions

This document uses the standard terms defined in Subclause 5.3 of [OGC 06-121r8], which is based on the ISO/IEC Directives, Part 2, Rules for the structure and drafting of International Standards. In particular, the word “shall” (not “must”) is the verb form used to indicate a requirement to be strictly followed to conform to this standard.

iii. Submitting organizations

The following organizations have submitted this Interface Specification to the Open GeoSpatial Consortium, Inc.:

· Jacobs University Bremen
· rasdaman GmbH

· National Center for Atmospheric Research (NCAR)

· Oracle USA
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· 
ERDAS, Inc.

· EOX IT Services GmbH

· Spot Image

· BAE Systems - C3I Systems

· Natural Environment Research Council (NERC)

· George Mason University
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Andrei Aiordachioiae
	All
	Created


Changes to the OpenGIS Abstract Specification

The OpenGIS® Abstract Specification does not require any changes to accommodate the technical contents of this (part of this) document.

vi. 
Future Work

Based on this WCS core interface standard, several extensions have been defined; see X[7]X for a list of current extensions as well as possible future extensions.

Foreword

This version 2.0 of the Web Coverage Service (WCS) Interface Standard improves (but does not supercede) the previous WCS version 1.1.2 X[2]X. Technical changes from version 1.1.2 include building on the GML 3.2 encoding of coverages, and dividing the standard into this core plus multiple extensions.

This document includes one annex; this annex is normative.

Attention is drawn to the possibility that some of the elements of this document may be the subject of patent rights. The Open Geospatial Consortium Inc. shall not be held responsible for identifying any or all such patent rights.

Recipients of this document are requested to submit, with their comments, notification of any relevant patent claims or other intellectual property rights of which they may be aware that might be infringed by any implementation of the standard set forth in this document, and to provide supporting documentation.

Introduction

The OGC Web Coverage Service (WCS) supports electronic retrieval of geospatial data as "coverages" – that is, digital geospatial information representing space/time-varying phenomena.

This document specifies the WCS core; every implementation of a WCS shall adhere to the core standard. This standard thus defines only basic requirements; other WCS related standards define extensions to this core. Each extension provides additional capability, such as for Coordinate Reference Systems (CRS). Indeed, a few extensions are required in order to completely specify a WCS for use in a deployed application.

A WCS provides access to coverage data in forms that are useful for client-side rendering, as input into scientific models, and for other clients. The WCS may be compared to the OGC Web Feature Service (WFS) X[5]X and the Web Map Service (WMS) X[6]X; like them, it allows clients to choose portions of a server's information holdings based on spatial constraints and other criteria.

Unlike WMS, which returns static images (rendered as pictures by the server), the Web Coverage Service provides requested data together with their detailed descriptions; defines a rich syntax for requests against these data; and returns data with its original semantics (instead of pictures) which may be interpreted, extrapolated, etc., and not just portrayed.

Unlike WFS, which returns discrete geospatial features, the Web Coverage Service returns coverages representing space/time-varying phenomena that relate a spatio-temporal domain to a (possibly multidimensional) range of properties. As such, WCS focuses on coverages as a specialized class of features and, correspondingly, defines streamlined functionality.

WCS 2.0 uses and extends the coverage model of GML 3.2.1 [07-036], so that coverages handled by a WCS can be more easily interchanged with other OGC services. WCS 2.0 supports all coverage types supported by GML 3.2.1; it is not constrained to quadrilateral grid coverages like previous WCS versions.

Explanations and best practices for users and implementers of WCS 2.0 are provided in X[7]X.

WCS 2.0 Core Interface Standard
1 0BScope 

This document specifies how a Web Coverage Service (WCS) offers multi-dimensional coverage data for access over the Internet. It does so by specifying a core set of requirements which every WCS client and server implementation must fulfil. WCS extension standards provide further functionality that complement the core standard. Some extensions are required in addition to the core to provide a completesetoff functional capability that can be deployed and used. This document indicates which extensions, at a minimum, need to be considered in addition to the core to allow for a complete WCS server implementation.

This core does not prescribe support for any particular coverage encoding format. This also holds for GML as a coverage delivery format: while GML constitutes the canonical format for the definition of WCS, it is not required by this core that a WCS client or server implements the GML coverage format. WCS extensions specifying use of data encoding formats in the context of WCS are designed in a way that the GML coverage information contents specified in this core is consistent with the contents of an encoded coverage.

2 1BCompliance
Annex A (normative) specifies compliance tests which shall be tested by any service claiming to implement an OGC Web Coverage Service.

3 2BNormative references

The following normative documents contain provisions that, through reference in this text, constitute provisions of this specification. For dated references, subsequent amendments to, or revisions of, any of these publications do not apply. For undated references, the latest edition of the normative document referred to applies.

OGC 06-121r8, OGC Web Services Common Specification, version 1.2 
OGC 07-011, Abstract Specification Topic 6: The Coverage Type and its Subtypes, version 7.0 (identical to ISO 19123:2005)
OGC 07-036, Geography Markup Language (GML) Encoding Standard, version 3.2.1

OGC 09-146, GML 3.2.1 Application Schema for WCS, version 1.0.0

In addition to this document, the WCS core standard includes normative XML Schema files. These are posted online at http://schemas.opengis.net/wcs/2.0 as part of the OGC schema repository. These XML Schema files are also available for download, bundled with the present document, from http://www.opengeospatial.org/standards/wcs. In the event of a discrepancy between bundled and schema repository versions of the XML Schema files, the schema repository shall be considered authoritative.

4 3BTerms and definitions

For the purposes of this document, the terms and definitions given in the above references apply. In addition, the following terms and definitions apply.

4.1 12Bcoverage

feature which is a subclass (specialization) of AbstractCoverage as specified by the GML 3.2.1 Application Schema for WCS [09-146]

4.2 13Boffered coverage

extended →coverage structure, stored on a WCS server and accessible by clients via WCS operations, which additionally carries WCS service relevant information

4.3 14B(coverage) subsetting

operation on →coverages which, for a coverage provided, extracts part or all of its cell/value pairs and returns a →coverage containing these cell/value pairs

4.4 15B(coverage) trimming

→coverage subsetting operation which returns a →coverage with the same number of dimensions as the input →coverage
4.5 16B(coverage) slicing

→coverage subsetting operation which returns a →coverage with a reduced number of dimensions as compared to the input →coverage
5 4BConventions

5.1 17BUML notation

Unified Modeling Language (UML) static structure diagrams appearing in this specification are used as described in Subclause 5.2 of OGC Web Services Common [OGC 06-121r8].

5.2 18BData dictionary tables

The UML model data dictionary is specified herein in a series of tables. The contents of the columns in these tables are described in Subclause 5.5 of [OGC 06-121r8]. The contents of these data dictionary tables are normative, including any table footnotes.

19B5.3
Namespace prefix conventions

The following namespaces are used in this document. The prefix abbreviations used constitute conventions used here, but are not normative. The namespaces to which the prefixes refer are normative, however.

Table 1 — Namespace mappings

	Prefix
	Namespace URI
	Description

	gml
	Hhttp://www.opengis.net/gml/3.2H 
	GML 3.2.1

	wcs
	Hhttp://www.opengis.net/wcs/2.0
	WCS 2.0

	gmlwcs
	Hhttp://www.opengis.net/wcs/2.0/gml
	GML Application Schema for WCS 2.0

	xsd
	Hhttp://www.w3.org/2001/XMLSchemaH 
	XML Schema namespace


20B5.4
XPath notation

Requirements on the contents of XML documents, derivation of complex entities, and the contents of WCS responses are specified herein using XPath 2.0 X[1]X.

21B5.5
Multiple representations

When multiple representations of the same information are given in a specification document, then reference to the XML schema takes precedence.

6 5BWCS data model

This clause specifies the underlying coverage data model used in the later clauses of this standard. 

A WCS server offers a – possibly empty – set of coverage objects. WCS operations deliver different parts of the coverages offered:

a) GetCapabilities delivers an overview of the WCS server offerings, normally including a list of the identifiers of all coverages available (see Subclause X8.2X).

b) DescribeCoverage delivers, for identified offered coverages, information about applicable server functionality plus comprehensive descriptions of the offered coverage objects (see Subclause X8.3X).

c) GetCoverage delivers, for an identified coverage, comprehensive descriptive metadata about a coverage derived from the coverage object addressed, together with the range values making up the derived coverage (see Subclause XReq 18X).

The offering of a WCS server is described by a single instance of type CoverageOffer​ings, including all associated instances, as specified in the UML diagram of Figure 1.

NOTE 1
This is not a testable requirement because it cannot be verified; hence, it is not phrased as such. However, later requirements will refer to this structure to specify retrieval results.

NOTE 2
For brevity, the substructure of DomainSet, RangeStructure, and RangeSet as well as further details in the gml and gmlwcs namespaces have been omitted. OGC document [09-146] contains their complete definitions. 
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«Data Type»

ServiceParameters

+ 

supportedFormatList:  MimeType [1..*]

+ 

supportedCrsList:  anyURI [0..*]

+coverage

1
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+offeredCoverage

0..*

1

1

serviceParameters

1


Figure 1 — CoverageOfferings UML class diagram

NOTE 3
The component Service​Parameters​ is not used in the WCS Core. It is introduced here, however, to provide a canonical space for extensions to define coverage-specific data which are not part of the AbstractCoverage.

The components of CoverageOfferings are as shown in Figure 1 and XTable 2X. See Subclause X7.2X for a definition of WCSServiceMetadata. 
The structure definition of component WCSServiceMetadata is shown in Figure 2.

NOTE
This WCS Core does not specify any additional element; it rather provides the canonical location for any eventual additions an extension may introduce.

Table 2 — WCS CoverageOfferings components

	Name
	Definition
	Data type
	Multiplicity

	wcsService​Metadata
	Service specific parameters
	WCSServiceMetadata
	One (mandatory)

	offeredCoverage
	Set of coverages offered by this service
	OfferedCoverage
	Zero or more 
(optional)
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Figure 2 —WCS WCSServiceMetadata UML class diagram

The elements of OfferedCoverage are shown in Figure 1 and XTable 3X. Coverages are uniquely identified within a service through their id attribute, as expressed in the following requirement.

Req 1 Let id1 and id2 be identifiers of type gml:id. Then, the following shall hold for a CoverageOfferings  c: 
id1 = id2  ( deep_equal( /c/coverage[@id = id1],
                       /c/coverage[@id = id2] )
Identifiers of coverages offered by a WCS server shall be immutable over the lifetime of the coverage identified, and not be reused for any other coverage on this service in future. 

Table 3 — WCS OfferedCoverage components

	Name
	Definition
	Data type
	Multiplicity

	coverage
	Coverage definition
	gmlwcs:AbstractCoverage
	One (mandatory)

	serviceParameters
	Parameters for this particular coverage
	wcs:ServiceParameters
	One (mandatory)


Table 4 WCS ServiceParameters components

	Name
	Definition
	Data type
	Multiplicity

	supportedCrsList
	List of CRSs in which GetCoverage requests against the given coverage can be sent
	List of anyURI
	One (mandatory)

	supportedFormatList
	List of coverage encoding formats (identified by their Mime type) in which coverage data can be requested through GetCoverage
	List of MimeType
	One (mandatory)


As this requirement cannot be stated formally for conformance testing based on the WCS request types only, it is not expressed as a requirement.

Req 2 Service parameters include coverage-specific information about functionality the server can offer on a particular coverage. As such, the ServiceParameters section is delivered in a DescribeCoverage response, but is not included in the coverage when delivered via GetCoverage.supportedCrsList shall be empty (i.e., contain zero list elements) unless a WCS CRS extension is implemented.

NOTE
In other words, if said CRS extension is not implemented – which defines the semantics of this list –then the CRS list delivered shall be empty. 

Without such a CRS extension being implemented by a server, coverages or coverage subsets can only be requested in their “internal CRS”, i.e., by indexing the data array with its integer coordinates.

Contents and semantics of the list of supported formats in supportedFormatList is defined in the WCS coverage encoding format extensions, hence for the purpose of this WCS Core response format is left unspecified. 
As at least one such format extension is required (see XReq 35X), this list will always contain at least one element.

7 6BWCS  service model

7.1 22BWCS operation types

The WCS interface supports retrieval of geospatial coverage data – that is, digital geospatial information representing space/time-varying phenomena [OGC 07-011]. 

To this end, the WCS interface specifies the following operations that may be invoked by a WCS client and performed by a WCS server:

a) GetCapabilities – This operation allows a client to request information about the server’s capabilities and coverages offered (see Subclause X8.2X).

b) DescribeCoverage – This operation allows a client to request detailed metadata on selected coverages offered by a server (see Subclause X8.3X).

c) GetCoverage – This operation allows a client to request a coverage comprised of selected range properties at a selected set of spatio-temporal locations, expedited in some coverage encoding format (see Subclause XReq 18X).

NOTE
Extensions to this standard may add further operation types.

A client should first, during a sequence of WCS requests, issue a GetCapabilities request to the server to obtain an up-to date listing of available coverage data. Then, the client may issue a DescribeCoverage request to find out more details about particular coverages offered by the server. To retrieve a coverage or a part thereof, a client will issue a GetCoverage request. 

NOTE
A WCS server can change its offering at any time, in particular: between a GetCapabilities, a subsequent DescribeCoverage, and a subsequent GetCoverage request. Such a change in the service offering can be effected, e.g., through an intervening WCS-T X[3]X request.

7.2 23BWCS service handling package

Req 3 For all WCS request types defined in this standard, the req version parameter shall have a fixed value of “2.0”.

8 7BWCS operations

8.1 24BOverview

In this Clause, the WCS core operations GetCapabilities, DescribeCoverage, and GetCoverage are specified. Definition is based on the GML structure specified in Clause X6X, using XPath [W3C 2007] to specify the concrete operation response.

8.2 25BGetCapabilities operation

8.2.1 28BGetCapabilities request

A GetCapabilities operation allows a WCS client to retrieve service metadata and coverages offered by a WCS server.

Req 4 Every WCS server shall implement the GetCapabilities operation. 

Req 5 GetCapabilities operation implementation shall adhere to Clause 7 of [OGC 06-121r8].

8.2.2 29BGetCapabilities response

The GetCapabilities response document consists of a WCSServiceMetadata structure as specified in OWS Common [OGC 06-121r8], extended with a list of the identifiers of all coverages offered by the responding server.

Req 6 The response to a successful GetCapabilities request shall consist of an XML instance document as validated by the wcs:WCSServiceMetadata  in the WCS 2.0 XML Schema.

NOTE
Figure 2 depicts the response to a GetCapabilities requestError! Reference source not found..

Req 7 The service metadata section of the response r to a GetCapabilities request, as returned by a server with CoverageOfferings c, shall adhere to the following XPath expression, where the contents is as specified in OWS Common [OGC 06-121r8]:

/r/wcsServiceMetadata = /c/@wcsServiceMetadata 

NOTE
This states that the service metadata section in a GetCapabilities response is identical to the service metadata values in the wcsServiceMetadata attribute of the server’s CoverageOfferings.

Req 8 If present, the CoverageSummary section of the response r to a GetCapabilities request, as returned by a server with CoverageOfferings c, shall adhere to the following XPath expression:

/r/Capabilities/Contents/coverageSummary/id/@id =
/c/offeredCoverage/@id

NOTE
This states that all the identifiers of all coverages offered by the server shall be listed, and no other ones. See [OGC 06-121r8] for proper use of the many optional elements in a capabilities document.

Req 9 For those WCSServiceMetadata elements inherited from OWSService​Meta​data, all rules laid down in [OGC 06-121r8] shall apply, plus the following:
The OperationsMetadata instance shall have associations to three Operation instanc​es with case-sensitive name values “GetCapabilities”, “DescribeCoverage”, and “Get​Capabilities”, respectively.

Req 10 Each element in the ows:Profile list of OWSService​Meta​data shall be the identifier of a WCS extension conformance class; the server shall pass all tests defined for each of said conformance classes.

Example
The response to a valid GetCapabilities may look like this:

<?xml version="1.0" encoding="UTF-8"?>
<wcs:Capabilities  xmlns:xsi='http://www.w3.org/2001/XMLSchema-instance'
   xmlns:ows='http://www.opengis.net/ows/1.1'
   xmlns:wcs='http://www.opengis.net/wcs/2.0'
   xmlns:gml='http://www.opengis.net/gml/3.2'
   xmlns='http://www.opengis.net/ows/1.1'
   xmlns:xlink='http://www.w3.org/1999/xlink'
   xsi:schemaLocation='http://schemas.opengis.net/wcs/2.0 ../wcsAll.xsd' version="2.0.0">
    <ServiceIdentification>
        <Title>petascope</Title>
        <Abstract>WCS Server developed at Jacobs University</Abstract>
        <ServiceType>OGC WCS</ServiceType>
        <ServiceTypeVersion>2.0.0</ServiceTypeVersion>
        <Profile>urn:ogc:def:extension:OGC-WCS:2.0:protocol:post</Profile>
        <Profile>urn:ogc:def:extension:OGC-WCS:2.0:coverageFormat:netcdf</Profile>
        <Profile>urn:ogc:def:extension:OGC-WCS:2.0:serviceModel:wcps:1.0</Profile>
    </ServiceIdentification>
    <ServiceProvider>
        <ProviderName>Jacobs University Bremen</ProviderName>
        <ProviderSite xlink:href="http://www.jacobs-university.de/"/>
        <ServiceContact>
            <IndividualName>Andrei Aiordachioaie</IndividualName>
            <PositionName>Developer</PositionName>
            <ContactInfo>
                <Phone>
                    <Voice></Voice>
                </Phone>
            </ContactInfo>
        </ServiceContact>
    </ServiceProvider>
    <OperationsMetadata>
        <Operation name="GetCapabilities">
            <DCP>
                <HTTP>
                    <Get xlink:href="http://server:port/GetCapabilitiesURL"/>
                </HTTP>
            </DCP>
        </Operation>
        <Operation name="DescribeCoverage">
            <DCP>
                <HTTP>
                    <Get xlink:href="http://server:port/DescribeCoverageURL"/>
                </HTTP>
            </DCP>
        </Operation>
        <Operation name="GetCoverage">
            <DCP>
                <HTTP>
                    <Get xlink:href="http://server:port/GetCoverageURL"/>
                </HTTP>
            </DCP>
        </Operation>
    </OperationsMetadata>
    <wcs:Contents>
        <wcs:CoverageSummary>
            <wcs:id gml:id="coverage1"/>
        </wcs:CoverageSummary>
        <wcs:CoverageSummary>
            <wcs:id gml:id="coverage2"/>
        </wcs:CoverageSummary>
        <wcs:CoverageSummary>
            <wcs:id gml:id="coverage3"/>
        </wcs:CoverageSummary>
    </wcs:Contents>
</wcs:Capabilities>
The derived structure WCSServiceMetadata contains the following changes not incorporated in OWS Common [06-121r8]:

d) DatasetSummary is renamed to CoverageSummary
e) DatasetSummary is extended with an id attribute

f) The DatasetSummary attribute identifier is omitted (ie, set to cardinality zero) for the purpose of this WCS Core.

8.2.3 30BGetCapabilities exceptions

Req 11 When a WCS server encounters an error while performing a GetCapabilities operation, it shall return an exception report message as specified in Clause 8 of [OGC 06-121r8].

8.3 26BDescribeCoverage operation

8.3.1 31BDescribeCoverage request 

A DescribeCoverage request submits a list of coverage identifiers and returns, for each identifier, a description of the coverage.

NOTE
A GetCapabilities request allows retrieval of the identifiers of all coverage objects currently offered by the WCS service. However, a  client is not required to retrieve identifiers via a GetCapabilities request.  Alternative means of retrieving these identifiers, not defined in this standard, are allowed.

Req 12 Every WCS server shall implement the DescribeCoverage operation.

Req 13 A DescribeCoverage request shall consist of an XML instance document as validated by the wcs:Describe​Coverage element of the WCS 2.0 XML Schema.

NOTE
XFigure 3X depicts the DescribeCoverage request structure.

The DescribeCoverage structure is detailed in XTable 5X.
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Figure 3 — DescribeCoverage operation request UML class diagram

Table 5 — DescribeCoverage components

	Name
	Definition
	Data type
	Multiplicity

	request
	Request name
	Character String, 
fixed to “DescribeCoverage”
	One (mandatory)

	id
	Coverage identifiers
	gml:id
	One or more (mandatory)


Req 14 Each coverage identifier in the list submitted shall identify a coverage object offered by the server addressed.

8.3.2 32BDescribeCoverage response

Req 15 The response to a successful DescribeCoverage request shall consist of an XML instance document as validated by the wcs:CoverageDescriptions element in the WCS 2.0 XML Schema.

NOTE
Figure 4 depicts the response to a DescribeCoverage request.

Req 16 The request list of identifiers and the response list of coverage descriptions shall match in list size and sequence such that the coverage description at position i refers to the CoverageDescription object pointed to by the identifier at position i.

NOTE
For brevity, the substructures of DomainSet and RangeStructure have been omitted in Figure 4. OGC document [09-146] contains their complete definitions.

XTable 6X lists the components of a CoverageDescriptions list, XTable 7X those of a single Cover​age​Description.
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«Data Type»

CoverageDescriptions

































































































































«Data Type»

CoverageDescription























































































































«Data Type»

GML 3.2::DomainSet

































































































































«Data Type»

GML 3.2 Application Schema for WCS 2.0::

RangeStructure















































































































«Data Type»

GML 3.2::
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«Data Type»

OWS Common::

ServiceParameters

1

rangeStructure

1
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domainSet

1

+coverageDescription

0..*
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serviceParameters
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Figure 4 — CoverageDescriptions UML class diagram

Table 6 — WCS CoverageDescriptions components

	Name
	Definition
	Data type
	Multiplicity

	coverage​Description
	List of descriptions of coverages
	CoverageDescription
	Zero or more (optional)


Table 7 — WCS CoverageDescription components

	Name
	Definition
	Data type
	Multiplicity

	domainSet
	Domain description of this coverage
	gml:DomainSet
	One (mandatory)

	range​Structure
	Range structure description of this coverage
	gmlwcs:RangeStructure
	One (mandatory)

	service​Parameters
	Service-specific parameters of this coverage
	ServiceParameters
	One (mandatory)


Req 17 The response r to a successful DescribeCoverage request, as returned by a server with CoverageOfferings c, containing n>0 identifiers id1, …, idn shall adhere to the follow​ing XPath expression for i({1,…,n}:

/r/coverageDescription[idi]/domainSet = 
/c/offeredCoverage/coverage[@id=idi]/domainSet

/r/coverageDescription[idi]/rangeStructure = 
/c/offeredCoverage/coverage[@id=idi]/rangeStructure

/r/coverageDescription[idi]/ServiceParameters = 
/c/offeredCoverage/coverage[@id=idi]/wcsServiceParameters
/r/coverageDescription[idi]/attribute::* = 
/c/offeredCoverage/coverage[@id=idi]/attribute::*
NOTE
This states that the coverage metadata delivered in a DescribeCoverage response are copied from the identified coverage’s metadata (domain set subtree, range structure subtree, service parameters subtree, and all coverage attributes defined).

Example
The response to a valid DescribeCoverage request for coverage with id coverage1 might be:

<?xml version="1.0" encoding="UTF-8"?>
<wcs:CoverageDescriptions  xmlns:xsi='http://www.w3.org/2001/XMLSchema-instance'
   xmlns:gmlwcs='http://www.opengis.net/wcs/2.0/gml'
   xmlns:gml='http://www.opengis.net/gml/3.2'
   xmlns:wcs='http://www.opengis.net/wcs/2.0'
   xmlns='http://www.opengis.net/gml/3.2'
   xsi:schemaLocation='http://schemas.opengis.net/wcs/2.0 ../wcsAll.xsd'>
    <wcs:CoverageDescription gml:id="coverage1">
        <domainSet>
            <Grid dimension="2" gml:id="grid1">
                <limits>
                    <GridEnvelope>
                    <!-- This is a 5-by-3 matrix -->
                        <low>1 1</low>
                        <high>5 3</high>
                    </GridEnvelope>
                </limits>
                <axisLabels>xAxis yAxis</axisLabels>
            </Grid>
        </domainSet>
        <gmlwcs:rangeStructure>
            <gmlwcs:RangeStructure gml:id="RangeStructure1">
                <gmlwcs:rangeField >
                    <gmlwcs:RangeField gml:id="Band1" uom="W/cm^2">
                        <gml:name>band1</gml:name>
                        <gmlwcs:dataType>urn:ogc:def:dataType:OGC:1.1:unsignedByte</gmlwcs:dataType>
                        <gmlwcs:nilValueList>000 255</gmlwcs:nilValueList>
                    </gmlwcs:RangeField>
                </gmlwcs:rangeField>
            </gmlwcs:RangeStructure>
        </gmlwcs:rangeStructure>
        <wcs:ServiceParameters>
            <wcs:supportedCRSList></wcs:supportedCRSList>
            <wcs:supportedFormatList>application/xml</wcs:supportedFormatList>
        </wcs:ServiceParameters>
    </wcs:CoverageDescription>
</wcs:CoverageDescriptions>
8.3.3 33BDescribeCoverage exceptions

Req 18 When a WCS server encounters an error while performing a Describe​Cover​age operation, it shall return an exception report message as specified in Subclause 7.4 of [OGC 06-121r8]. The allowed standard exception codes shall include those listed in Xa)X. For each listed exception code, the contents of the “locator” parameter value shall be as specified in the right column of Xa)X.

Table 8 — Exception codes for DescribeCoverage operation

	exceptionCode value
	Meaning of code
	“locator” value

	MissingParameterValue
	Operation request does not include a parameter value, and this server did not declare a default value for that parameter
	Name of missing parameter

	InvalidParameterValue
	Operation request contains an invalid parameter value
	Name of parameter with invalid value

	NoApplicableCode
	No other exceptionCode specified by this service and server applies to this exception
	None, omit “locator” parameter

	NoSuchCoverage
	One of the identifiers passed does not match with any of the coverages offered by this server
	list of violating coverage identifiers


NOTE 
The shaded lines in Xa)X are copied from Table 25 in Subclause 8.3 of [OGC 06-121r8].
8.4 27BGetCoverage operation

8.4.1 34BGetCoverage request

A GetCoverage request prompts a WCS service to process a particular coverage selected from the service’s offering and return a derived coverage. The WCS Core standard defines the following processing steps, which can be combined:

g) Domain subsetting: deliver all data from a coverage inside a specified bounding box

h) Encoding of the result as a GML coverage.

NOTE
Extensions to this core may add further functionality, including further parameters required to invoke such functionality.

Domain subsetting can be subdivided into trimming and slicing. A trim operation identifies a dimension and a lower and upper bound (which both must lie inside the coverage’s domain) and delivers a coverage whose domain, in the dimension specified, is reduced to these new, narrower limits. The dimension of the result coverage is identical to that of the input coverage.
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«Data Type»

OWS Common::

RequestBase

































































































































«DataType»

GetCoverage

+ 

request:  CharacterString {readOnly}
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id:  id

































































































































«DataType»

DimensionSubset

+ 

dimension:  NCname

































































































































«DataType»

DimensionTrim

+ 

trimLow:  double [0..1]

+ 

trimHigh:  double [0..1]















































































































«DataType»

DimensionSlice

+ 

slicePoint:  double

id attribute type is gml:id

+dimensionSubset

0..*


Figure 5 — GetCoverage UML class diagram

A domain slice operation receives a dimension and a position (which must lie inside the coverage’s domain) and delivers a coverage which is a slice of the offered coverage obtained at the cutting position provided. The dimension of the result coverage is reduced by one as compared to the offered coverage.

Both trimming and slicing can be combined arbitrarily in a request and on as many dimensions as desired. However, per request only one operation can be applied on each dimension.

Req 19 Every WCS implementation shall support the GetCoverage operation.

Req 20 A GetCoverage request shall be an XML instance document as validated by the wcs:GetCoverage element in the WCS 2.0 XML Schema.
NOTE
Figure 5 depicts the GetCoverage request structure.

The GetCoverage request document structure is described in XTable 9X.

Table 9 — WCS GetCoverage operation request

	Name
	Definition
	Data type
	Multiplicity

	id
	Identifier of coverage evaluated
	gml:id
	One (mandatory)

	dimension​Subset
	Subsetting specifications, one per subsetting dimension
	DimensionSubset, 
see XTable 10
	Zero or more (optional)


Req 21 The id value shall be equal to the identifier of one of the coverages offered by the server addressed.

The DomainSubset structure consists of a set of subsetting specifications for the cover​age’s dimensions. The corresponding class, DimensionSubset, is described in XTable 10X.

Table 10 — WCS DimensionSubset structure

	Name
	Definition
	Data type
	Multiplicity

	Dimension
	Name of dimension along which to subset
	NCName
	One (mandatory)


Req 22 The dimension value shall be equal to one of the dimension names specified in the coverage’s domain​Set, unless the server implements a WCS CRS extension which overrides this requirement.

NOTE
As in this WCS Core the list of supported CRSs is empty, which means that coverages can be requested only in their “internal CRS” (i.e., by indexing the data array), the set of dimension names referred to in the above requirement is uniquely defined. The semantics of the above requirement is redefined accordingly for multiple CRSs in the WCS CRS extensions.

Req 23 A GetCoverage request shall contain at most one subsetting operation for each of the dimensions of the coverage addressed.

Depending on whether the DimensionSubset is a trim or slice operation, its corresponding subclasses are DimensionTrim and DimensionSlice, as shown in XTable 11X and XTable 12X.

Table 11 — WCS DimensionTrim structure

	Name
	Definition
	Data type
	Multiplicity

	TrimLow
	Lower bound of cutout along dimension
	Number
	One (mandatory)

	TrimHigh
	Upper bound of cutout along dimension
	Number
	One (mandatory)


Req 24 For an extent L to H of the input coverage along the given dimension, the trim bounds, trimLow  and trimHigh, shall be L ( trimLow ( trimHigh ( H.

Table 12 — WCS DimensionSlice structure

	Name
	Definition
	Data type
	Multiplicity

	slicePoint
	Slicing point along dimension
	Number
	One (mandatory)


Req 25 For an extent L to H of the input coverage along the given dimension, the slicing position, slicePoint, shall be L ( slicePoint ( H.

8.4.2 35BGetCoverage response

8.4.2.1. 37BGeneral coverage response structure

Req 26 The response to a successful GetCoverage request shall be a data structure whose type is the same subtype of gmlwcs:AbstractCoverage as the requested coverage has, unless the server implements a WCS extension which overrides this requirement.

Req 27 The contents of the response to a successful GetCoverage request shall be en​cod​ed as specified in one of the coverage format extensions implemented, with the coverage in​formation contents being consistent with the require​ments stated in this WCS Core.

NOTE
Said Subclauses use the Data​Block choice in the gmlwcs:rangeSet component in the response to a successful GetCoverage request. This GML encoding is solely used for the purpose of defining the response semantics. It does not exclude that a server delivers a result coverage in some other format (defined by a WCS format extension, see Section X9X), and it does not even mandate that a server supports this concrete GML encoding. However, it is required that result coverages, regardless of what the encoding chosen is, have a contents which is consistent with the above specification.

8.4.2.2. 38BComplete coverage retrieval

In this Subclause, retrieval of a complete coverage is described. This is the case whenever neither trimming nor slicing is specified in the corresponding GetCoverage request.

Req 28 Let id be identifier of a coverage contained in the CoverageOfferings of the WCS server addressed. Let d be the response to a DescribeCoverage request with identifier id sent to this server, and g be the response to a GetCoverage request with identifier id sent to this server. Then, the following condition shall hold on g and d:
/d/offeredCoverage/coverage[@id=idi]/domainSet = 
/g/domainSet

/d/offeredCoverage/coverage[@id=idi]/rangeStructure = /g/rangeStructure

/d/offeredCoverage/coverage[@id=idi]/rangeSet = 
/g/rangeSet

NOTE
This states the information about any coverage delivered by a server must be coherent across DescribeCoverage and GetCoverage, as far as the common elements domain set, range structure, and range set are concerned.

Req 29 Let id be the coverage identifier specified in the GetCoverage request. Then, the contents of the response to a GetCoverage request, as returned by a server with CoverageOfferings c, shall adhere to the following XPath expression, unless the server implements a WCS extension which overrides this requirement:
 
/r  = /c/offeredCoverage[@id=id]/coverage
NOTE
This states that a complete coverage retrieval returns the coverage identified. One deviation from this is specified by the WCS extension handling range subsetting; it changes this Requirement in a way that, for each coverage cell, also part of its range values can be retrieved.

Example
Assume an unrectified, unreferenced grid coverage with two dimensions x and y, extent [1:3,1:5], and a single integer-valued field, band1. The response to a GetCoverage request selecting this whole coverage could be like this:

<?xml version="1.0" encoding="UTF-8"?>
<gmlwcs:GridCoverage  xmlns:xsi='http://www.w3.org/2001/XMLSchema-instance'
   xmlns:gml='http://www.opengis.net/gml/3.2'
   xmlns='http://www.opengis.net/gml/3.2'
   xmlns:gmlwcs='http://www.opengis.net/wcs/2.0/gml'
   xsi:schemaLocation='http://schemas.opengis.net/wcs/2.0/gml ../gml/gmlwcsAll.xsd' gml:id="coverage1">
    <domainSet>
        <Grid dimension="2" gml:id="grid1">
            <limits>
                <GridEnvelope>
                    <!-- This is a 5-by-3 matrix -->
                    <low>1 1</low>
                    <high>5 3</high>
                </GridEnvelope>
            </limits>
            <axisLabels>xAxis yAxis</axisLabels>
        </Grid>
    </domainSet>
    <rangeSet>
        <DataBlock>
            <rangeParameters/>
            <tupleList>
                1  2  3  4  5
                6  7  8  9  10
                11 12 13 14 15
            </tupleList>
        </DataBlock>
    </rangeSet>
    <gmlwcs:rangeStructure>
        <gmlwcs:RangeStructure gml:id="RangeStructure1">
            <gmlwcs:rangeField >
                <gmlwcs:RangeField gml:id="Band1" uom="W/cm^2">
                    <gml:name>band1</gml:name>
                    <gmlwcs:dataType>urn:ogc:def:dataType:OGC:1.1:unsignedByte</gmlwcs:dataType>
                    <gmlwcs:nilValueList>000 255</gmlwcs:nilValueList>
                </gmlwcs:RangeField>
            </gmlwcs:rangeField>
        </gmlwcs:RangeStructure>
    </gmlwcs:rangeStructure>
</gmlwcs:GridCoverage> 

8.4.2.3. 39BSingle Dimension Trimming

In this Subclause, the GetCoverage response is defined for the case that trimming is included in the request. 

Req 30 Let 

c be the CoverageOfferings of the server addressed,
id be the coverage identifier specified in the GetCoverage request;
dname be the dimension name specified in the trim request parameter;
trimLo and trimHi be the lower and upper bound trim parameter in the request, if provided.

Let further

d be the index position of dimension dname in the coverage;
lo = trimLo if specified in the request, otherwise loi is set to the coverage’s lower bound in dimension d;

hi = trimHi if specified in the request, otherwise hi is set to the coverage’s upper bound in dimension d;

the extent in dimension i be the closed interval [loi,hii] for all dimensions in this coverage;
the coordinate string that specifies the lowest point of the trimmed coverage, plo, be given by the following XPath expression:

plo =
for $cov in /c/offeredCoverage/coverage[@id=id],
    $v  in tokenize($cov//GridEnvelope/trimLo/text(), " "),
    $v1 in remove($v, d)
return string-join(insert-before($v1, d, lo), " ")
Let the coordinate string that specifies the highest point of the trimmed coverage, phi, be given by the following XPath expression:

phi =
for $cov in /c/offeredCoverage/coverage[@id=id],
    $v  in tokenize($cov//GridEnvelope/trimHi/text(), " "),
    $v1 in remove($v, i)
return string-join(insert-before($v1, d, hi), " ")

NOTE
These expressions first convert the list of coordinates for the low (or high) point into an array of numbers, then remove coordinate d (the trimming axis), then insert the low/high trim coordinate into the array at the proper position, and then combine the remaining coordinates into a string with space as a delimiter.

Then, the contents of the response r to a GetCoverage request shall be given as in XReq 29X, modified as follows:
· The domain of the trimmed coverage shall be given by the following XPath expression:

/r/domainSet/Grid/limits/GridEnvelope/low = plo
/r/domainSet/Grid/limits/GridEnvelope/high = phi
· The range structure of the trimmed coverage shall be given by the following XPath expression:

/r/rangeSet = /c/offeredCoverage[@id=id]/coverage/rangeStructure

· the range set of the trimmed coverage shall be given by the following XPath expression:

/r/rangeSet = 
string-join(
  for $cov  in /c/offeredCoverage[@id=id],
      $list in //gml:DataBlock/gml:tupleList ,
      $prod in (hi1-lo1+1) * (hi2-lo2+1) * … * (hid-1–lod-1+1),
      $list2 in split($list, $prod * (hid – lod + 1))
  return subsequence($list2, $prod * (lo
-loi),
                             $prod * (hi-lo+1) ),
  “ “
)

NOTE
This last XPath expression splits the list of values into pieces of suitable length, yielding the contents of variable $list2.  Then, the trim operation selects the required values from the list with the XPath standard function subsequence(). Finally, all strings are concatenated to form the result tupleList. Altogether, this requirement states that trimming reduces a coverage to the cells described by the bounding box and adjusts the new boundary values to the bounding box values submitted.

8.4.2.4. 40BSingle Dimension Slicing

In this Subclause, retrieval of a slice of a coverage is defined. The corresponding GetCoverage request contains exactly one DimensionSlice item and no Dimension​Trim​ item.

Req 31 Let 

c be the CoverageOfferings of the server addressed,
id be the coverage identifier specified in the GetCoverage request;
dname be the dimension name specified in the slice request parameter;
s the slicing position indicated in the slice request parameter. 

Let further

d be the index position of dimension dname in the coverage;

the extent in dimension i be the closed interval [loi,hii] for all dimensions in this coverage;
the coordinate string representing the upper corner point of the sliced coverage, phi, be given by the following XPath expression:

phi = 
for $cov in /c/offeredCoverage[@id],
    $v in tokenize($cov//GridEnvelope/low/text(), " ")
return string-join(remove($v, d), " ")

the coordinate string representing the lower corner point of the sliced coverage, plo, be given by the following XPath expression:

plo =
for $cov in /c/offeredCoverage[@id=id],
    $v in tokenize($cov//GridEnvelope/high/text(), " ")
return string-join(remove($v, d), " ")

NOTE
These expressions first convert the list of coordinates for the low (or high) point into an array of numbers, then remove coordinate d (the slicing axis), and then combine the remaining coordinates into a string with space as a delimiter.

Then, the contents of the response r to a GetCoverage request shall be given as in XReq 29X, modified as follows:
· The domain of the sliced coverage shall be given by the following XPath expression:

/r/domainSet/Grid/limits/GridEnvelope/low = plo

/r/domainSet/Grid/limits/GridEnvelope/high = phi
/r/domainSet/Grid/@dimension = 
for $dim in /OfferedCoverages/OfferedCoverage[@id=id]
              /domainSet/Grid/@dimension
return number($dim) - 1

· The range structure of the sliced coverage shall be given by the following XPath expression:

/r/rangeStructure =  
/c/offeredCoverage[@id=id]/coverage/rangeStructure

· The range set of the sliced coverage shall be given by the following XPath expression:

/r/rangeSet = 
string-join(
  for $cov in /c/offeredCoverage[@id=id],
      $list in //gml:DataBlock/gml:tupleList,
      $prod in (hi1-lo1+1) * (hi2-lo2+1) * … * (hid-1–lod-1+1),            
      $list2 in split($list, $prod * (hi–lo+1))
  return subsequence($list2, $prod * (s-lo), $prod), “ “ )
)

NOTE
This requirement states that slicing reduces a coverage to the cells described by the bounding box and adjusts the new boundary values to the bounding box values submitted; the number of dimensions is reduced by one, representing the fact that the dimension indicated is removed from the coverage’s domain.
8.4.2.5. 41BMultiple and Mixed Subsetting

A GetCoverage request may contain several subsetting operations; trimming and slicing operations may be combined in a single request in any sequence.

Req 32 The response to a GetCoverage request containing multiple dimensionSubset elements shall be identical to applying the evaluation steps in Subclauses X8.4.2.3X and X8.4.2.4X to the coverage addressed in any sequence.

8.4.3 36BGetCoverage exceptions

Req 33 When a WCS server encounters an error while performing a GetCoverage operation, it shall return an exception report message as specified in Subclause 7.4 of [OGC 06-121r8] or, if the error occurs while performing an extension functionality, as specified in the respective extension. The allowed standard exception codes shall include those listed in XTable 13X. For each listed exceptionCode, the contents of the “locator” parameter value shall be as specified in the right column of  XTable 13X.

NOTE 1
The InvalidParameterValue exception code should be delivered only if no other, more specific code is applicable.

NOTE 2
To reduce the need for readers to refer to other documents, the first three values listed below are copied from Table 25 in Subclause 8.3 of [OGC 06-121r8].

Table 13 — Exception codes for GetCoverage operation
	exceptionCode value
	Meaning of code
	“locator” value

	MissingParameterValue
	Operation request does not include a parameter value, and this server did not declare a default value for that parameter
	Name of missing parameter

	InvalidParameterValue
	Operation request contains an invalid parameter value
	Name of parameter with invalid value

	NoApplicableCode
	No other exceptionCode specified by this service and server applies to this exception
	None, omit

	NoSuchCoverage
	The identifier passed does not match with any of the coverages offered by this server
	list of violating coverage identifiers

	InvalidSubsetting
	Operation request contains an invalid subsetting value; either a trim or slice parameter value is outside the extent of the coverage or, in a trim operation, a lower bound is above the upper bound
	Name of parameter with invalid value


9 8BExtensions

The interface specification contained in this WCS Core is not sufficient for a WCS implementation. In this Clause, the additional specifications are listed which, together with the core, constitute a specification of a minimal WCS-conformant implementation. These specifications are contained in WCS extension standards.

Req 34 WCS servers and clients shall imple​ment, for the transmission of all operation requests and responses, at least one WCS protocol extension, that is: an extension with URN
 
urn:ogc:def:extension:OGC-WCS:2.0:protocol:BINDING:EXTV 
where 
 
BINDING is the name of a concrete protocol extension 
 
EXTV is a version number.

Example
The GET/KVP protocol encoding version 1.0 for WCS Core 2.0 is defined by the URN

urn:ogc:def:extension:OGC-WCS:2.0:protocol:get:1.0 
Req 35 For transmission of GetCoverage responses, WCS servers and clients shall imple​ment at least one WCS coverage format encoding extension, that is: an extension with URN 
      urn:ogc:def:extension:OGC-WCS:2.0:coverageFormat:FMT:EXTV 
where 
 
FMT is the name of a concrete format encoding extension
 
EXTV is a version number.

Example
The NetCDF coverage format encoding version 1.0 for WCS Core 2.0 is defined by the URN
                urn:ogc:def:extension:OGC-WCS:2.0:coverageFormat:netcdf:1.0 

A client can verify implementation of such an extension in a server by evaluating the URNs delivered in the Profile elements of a GetCapabilities response (see Clause X8.2.2X).
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10BAnnex A
(normative)

Abstract test suite

A WCS implementation must satisfy the following system characteristics to be conformant with this specification.

A.1 Conformance Test Class: WCS Core

A.1.1 Unique, time-invariant identification

	Test Purpose:
	XLet id1 and id2 be identifiers of type gml:id. Then, the following shall hold for a CoverageOfferings  c: 
id1 = id2  ( deep_equal( /c/coverage[@id = id1],
                       /c/coverage[@id = id2] )

	Reference:
	XReq 1

	Test method:
	Send a GetCapabilities request to obtain an identifier list of the coverages offered. 

For each identifier retrieved, send a DescribeCoverage and a GetCoverage request, where the GetCoverage request retrieves the complete, unchanged coverage as specified in Subclause X8.4.2.2X. Store all results and repeat retrieval after some time. Test passes if, for every identifier probed, both DescribeCoverage and GetCoverage data returned are identical for both times.


A.1.2 Empty CRS list

	Test Purpose:
	XAs this requirement cannot be stated formally for conformance testing based on the WCS request types only, it is not expressed as a requirement.

XService parameters include coverage-specific information about functionality the server can offer on a particular coverage. As such, the ServiceParameters section is delivered in a DescribeCoverage response, but is not included in the coverage when delivered via GetCoverage.supportedCrsList shall be empty (i.e., contain zero list elements) unless a WCS CRS extension is implemented.


	Reference:
	X0

	Test method:
	· If a CRS extension is implemented by the server under test: 

Do nothing.

· Otherwise:

Send a DescribeCoverage request to retrieve the descriptions of all coverages offered by the server under test. For each description, check that the list is empty.


A.1.3 Version value

	Test Purpose:
	XFor all WCS request types defined in this standard, the req version parameter shall have a fixed value of “2.0”.

	Reference:
	XReq 3

	Test method:
	Send one valid request per request type to the service under test and check that the result matches the requirement.

NOTE
Client testing of this property is not currently addressed in this Abstract Test Suite.


A.1.4 GetCapabilities server support

	Test Purpose:
	XEvery WCS server shall implement the GetCapabilities operation.

	Reference:
	XReq 4

	Test method:
	Send a valid GetCapabilities request to the service under test and check that the result is not an Operation​NotSupported exception.


A.1.5 GetCapabilities conformant with OWS Common 

	Test Purpose:
	XGetCapabilities operation implementation shall adhere to Clause 7 of [OGC 06-121r8].

	Reference:
	XReq 5

	Test method:
	Send one valid request per request type and check that the result matches the requirement.


A.1.6 Correct GetCapabilities response structure

	Test Purpose:
	Req 36 XThe response to a successful GetCapabilities request shall consist of an XML instance document as validated by the wcs:WCSServiceMetadata  in the WCS 2.0 XML Schema.

XNOTE
Figure 2 depicts the response to a GetCapabilities requestError! Reference source not found..


	Reference:
	XReq 6

	Test method:
	Send a valid GetCapabilities request to the server under test, check the result consists of an XML document of type Capabilities.


A.1.7 GetCapabilities response contents: service metadata

	Test Purpose:
	XThe service metadata section of the response r to a GetCapabilities request, as returned by a server with CoverageOfferings c, shall adhere to the following XPath expression, where the contents is as specified in OWS Common [OGC 06-121r8]:
/r/wcsServiceMetadata = /c/@wcsServiceMetadata

	Reference:
	XReq 7

	Test method:
	Send a valid GetCapabilities request, check that the response’s wcs​Service​Metadata component adheres to the requirement’s XPath expression.


A.1.8 GetCapabilities response contents: list coverages offered

	Test Purpose:
	XIf present, the CoverageSummary section of the response r to a GetCapabilities request, as returned by a server with CoverageOfferings c, shall adhere to the following XPath expression:
/r/Capabilities/Contents/coverages/@id = /c/offeredCoverage/@id

	Reference:
	XReq 8

	Test method:
	Send a GetCapabilities request to the service under test; for each coverage identifier delivered, send a DescribeCoverage request. Test passes if all coverages probed are listed.

NOTE
There is no systematic way to verify if the server under test does not advertise coverages offered.


A.1.9 GetCapabilities service metadata

	Test Purpose:
	XFor those WCSServiceMetadata elements inherited from OWSService​Meta​data, all rules laid down in [OGC 06-121r8] shall apply, plus the following:
The OperationsMetadata instance shall have associations to three Operation instanc​es with case-sensitive name values “GetCapabilities”, “DescribeCoverage”, and “Get​Capabilities”, respectively.

	Reference:
	XReq 9

	Test method:
	Perform the Abstract Test Suite of the pertaining Conformance Class of OWS Common [06-121r8].

Send a GetCapabilities request to the server under test, check that the Operat​ions​Metadata part of the response contains the values required.


A.1.10 GetCapabilities: All extensions reported are implemented

	Test Purpose:
	XEach element in the ows:Profile list of OWSService​Meta​data shall be the identifier of a WCS extension conformance class; the server shall pass all tests defined for each of said conformance classes.

	Reference:
	XReq 10

	Test method:
	For each extension reported: perform Abstract Test Suite of this standard. Pass if all tests pass.


A.1.11 GetCapabilities exceptions

	Test Purpose:
	XWhen a WCS server encounters an error while performing a GetCapabilities operation, it shall return an exception report message as specified in Clause 8 of [OGC 06-121r8].

	Reference:
	XReq 11

	Test method:
	For each exception referenced in the requirement: Send an erroneous GetCapabilities request to provoking this exception, check for proper exception reporting.


A.1.12 DescribeCoverage supported

	Test Purpose:
	XEvery WCS server shall implement the DescribeCoverage operation.

	Reference:
	XReq 12

	Test method:
	Send a valid DescribeCoverage request and check that the result is not an Operation​NotSupported exception.

NOTE
Client testing of this property is not currently addressed in this Abstract Test Suite.


A.1.13 Correct DescribeCoverage request structure

	Test Purpose:
	XA DescribeCoverage request shall consist of an XML instance document as validated by the wcs:Describe​Coverage element of the WCS 2.0 XML Schema.

	Reference:
	XReq 13

	Test method:
	NOTE
This property describes client behavior, something currently not addressed in this Abstract Test Suite.


A.1.14 Valid coverage identifiers in DescribeCoverage request

	Test Purpose:
	XEach coverage identifier in the list submitted shall identify a coverage object offered by the server addressed.

	Reference:
	XReq 14

	Test method:
	NOTE
This property describes client behavior, something currently not addressed in this Abstract Test Suite.


A.1.15 Correct DescribeCoverage response structure

	Test Purpose:
	XThe response to a successful DescribeCoverage request shall consist of an XML instance document as validated by the wcs:CoverageDescriptions element in the WCS 2.0 XML Schema.

	Reference:
	XReq 15

	Test method:
	Send a DescribeCoverage request to server, check the result consists of an XML document of type CoverageDescriptions.


A.1.16 DescribeCoverage returns information on all coverages requested

	Test Purpose:
	XNOTE
Figure 4 depicts the response to a DescribeCoverage request.

XThe request list of identifiers and the response list of coverage descriptions shall match in list size and sequence such that the coverage description at position i refers to the CoverageDescription object pointed to by the identifier at position i.


	Reference:
	X0

	Test method:
	Send a DescribeCoverage request with the list of identifiers extracted from GetCapabilities response to server, check that the request list of identifiers matches the response list of coverage descriptions in list size and sequence.


A.1.17 Correct DescribeCoverage response contents

	Test Purpose:
	XThe response r to a successful DescribeCoverage request, as returned by a server with CoverageOfferings c, containing n>0 identifiers id1, …, idn shall adhere to the follow​ing XPath expression for i({1,…,n}:

	Reference:
	XReq 17

	Test method:
	Send a valid DescribeCoverage request, check that all information defined by the XPath expression is correct.


A.1.18 DescribeCoverage exceptions

	Test Purpose:
	XWhen a WCS server encounters an error while performing a Describe​Cover​age operation, it shall return an exception report message as specified in Subclause 7.4 of [OGC 06-121r8]. The allowed standard exception codes shall include those listed in a). For each listed exception code, the contents of the “locator” parameter value shall be as specified in the right column of a).

	Reference:
	XReq 18

	Test method:
	For each exception referenced in the requirement: Send an erroneous DescribeCoverage request to provoking this exception, check for proper exception reporting.


A.1.19 GetCoverage supported

	Test Purpose:
	XEvery WCS implementation shall support the GetCoverage operation.

	Reference:
	XReq 19

	Test method:
	Send a valid GetCoverage request and check that the result is not an Operation​NotSupported exception.


A.1.20 GetCoverage request structure

	Test Purpose:
	Req 37 XA GetCoverage request shall be an XML instance document as validated by the wcs:GetCoverage element in the WCS 2.0 XML Schema.
XNOTE
Figure 5 depicts the GetCoverage request structure.


	Reference:
	XReq 20

	Test method:
	Send a valid GetCoverage request, check that the result consists of an XML document of type gmlwcs:AbastractCoverage.


A.1.21 GetCoverage request addresses existing coverage

	Test Purpose:
	XThe id value shall be equal to the identifier of one of the coverages offered by the server addressed.

	Reference:
	XReq 21

	Test method:
	NOTE
This property describes client behavior, something currently not addressed in this Abstract Test Suite.


A.1.22 GetCoverage request parameter dimension
	Test Purpose:
	XThe dimension value shall be equal to one of the dimension names specified in the coverage’s domain​Set, unless the server implements a WCS CRS extension which overrides this requirement.

	Reference:
	XReq 22

	Test method:
	· If a CRS extension is implemented by the server under test: 

Do nothing.

· Otherwise: 

Send GetCoverage requests and verify that correctly used dimension names are accepted while dimension names not listed in the domain set are rejected.

NOTE
Client testing of this property is not currently addressed in this Abstract Test Suite.


A.1.23 No duplicate dimension subsetting in GetCoverage
	Test Purpose:
	XA GetCoverage request shall contain at most one subsetting operation for each of the dimensions of the coverage addressed.

	Reference:
	XReq 23

	Test method:
	NOTE
This property describes client behavior, something currently not addressed in this Abstract Test Suite.


A.1.24 GetCoverage trimming within coverage limits
	Test Purpose:
	XFor an extent L to H of the input coverage along the given dimension, the trim bounds, trimLow  and trimHigh, shall be L ( trimLow ( trimHigh ( H.

	Reference:
	XReq 24

	Test method:
	NOTE
This property describes client behavior, something currently not addressed in this Abstract Test Suite.


A.1.25 GetCoverage slicing within coverage limits
	Test Purpose:
	XFor an extent L to H of the input coverage along the given dimension, the slicing position, slicePoint, shall be L ( slicePoint ( H.

	Reference:
	XReq 25

	Test method:
	NOTE
This property describes client behavior, something currently not addressed in this Abstract Test Suite.


A.1.26 Correct GetCoverage coverage result type
	Test Purpose:
	XThe response to a successful GetCoverage request shall be a data structure whose type is the same subtype of gmlwcs:AbstractCoverage as the requested coverage has, unless the server implements a WCS extension which overrides this requirement.

	Reference:
	XReq 26

	Test method:
	· If one or more relevant extensions are implemented by the server under test: 

check conformance of all these extensions. Pass this test if all these tests pass.

· otherwise: 

Send a GetCoverage request to server, check that the result validates against gmlwcs:AbstractCoverage.


A.1.27 Correct coverage representation in GetCoverage result

	Test Purpose:
	XThe contents of the response to a successful GetCoverage request shall be en​cod​ed as specified in one of the coverage format extensions implemented, with the coverage in​formation contents being consistent with the require​ments stated in this WCS Core.

	Reference:
	XReq 27

	Test method:
	For each coverage encoding format supported by the server under test: Send a GetCoverage request and verify that the result contains the proper information, based on the coverage encoding chosen and the corresponding Abstract Test Suite of the WCS format encoding extension.


A.1.28 Coherent coverage contents in DescribeCoverage and GetCoverage

	Test Purpose:
	XLet id be identifier of a coverage contained in the CoverageOfferings of the WCS server addressed. Let d be the response to a DescribeCoverage request with identifier id sent to this server, and g be the response to a GetCoverage request with identifier id sent to this server. Then, the following condition shall hold on g and d:
/d/offeredCoverage/coverage[@id=id]/domainSet = 
/g/domainSet

/d/offeredCoverage/coverage[@id=id]/rangeStructure = /g/rangeStructure

/d/offeredCoverage/coverage[@id=id]/rangeSet = 
/g/rangeSet

	Reference:
	XReq 28

	Test method:
	Retrieve coverage information from the server under test through both a DescribeCoverage and a GetCoverage request. Check the XPath expression on both documents.


A.1.29 Correct coverage contents in GetCoverage result

	Test Purpose:
	XLet id be the coverage identifier specified in the GetCoverage request. Then, the contents of the response to a GetCoverage request, as returned by a server with CoverageOfferings c, shall adhere to the following XPath expression, unless the server implements a WCS extension which overrides this requirement:
 
/r  = /c/offeredCoverage[@id=id]/coverage

	Reference:
	XReq 29

	Test method:
	· If a CRS extension is implemented by the server under test: 

Do nothing.

· Otherwise:

Retrieve a coverage from a WCS server in every coverage encoding format supported. Check that all information specified in the XPath expression of this requirement is present in the encoded result.


A.1.30 GetCoverage trimming operation

	Test Purpose:
	XLet
c be the coverage offerings of the server addressed,
id be the coverage identifier specified in the GetCoverage request;
dname be the dimension name specified in the trim request parameter;
trimLo and trimHi be the lower and upper bound trim parameter in the request, if provided.

Let further

d be the index position of dimension dname in the coverage;
lo = trimLo if specified in the request, otherwise loi is set to the coverage’s lower bound in dimension d;

hi = trimHi if specified in the request, otherwise hi is set to the coverage’s upper bound in dimension d;

the extent in dimension i be the closed interval [loi,hii] for all dimensions in this coverage;
the coordinate string that specifies the lowest point of the trimmed coverage, plo, be given by the following XPath expression:

plo =
for $cov in /c/offeredCoverage/coverage[@id=id],
    $v  in tokenize($cov//GridEnvelope/trimLo/text(), " "),
    $v1 in remove($v, d)
return string-join(insert-before($v1, d, lo), " ")
Let the coordinate string that specifies the highest point of the trimmed coverage, phi, be given by the following XPath expression:

phi =
for $cov in /c/offeredCoverage/coverage[@id=id],
    $v  in tokenize($cov//GridEnvelope/trimHi/text(), " "),
    $v1 in remove($v, i)
return string-join(insert-before($v1, d, hi), " ")

NOTE
These expressions first convert the list of coordinates for the low (or high) point into an array of numbers, then remove coordinate d (the trimming axis), then insert the low/high trim coordinate into the array at the proper position, and then combine the remaining coordinates into a string with space as a delimiter.

	Reference:
	XReq 30

	Test method:
	Send a valid GetCoverage request with trimming as the single subsetting operation and verify correctness of the coverage returned.


A.1.31 GetCoverage slicing operation

	Test Purpose:
	XLet
c be the coverage offerings of the server addressed,
id be the coverage identifier specified in the GetCoverage request;
dname be the dimension name specified in the slice request parameter;
s the slicing position indicated in the slice request parameter. 

Let further

d be the index position of dimension dname in the coverage;

the extent in dimension i be the closed interval [loi,hii] for all dimensions in this coverage;
the coordinate string representing the upper corner point of the sliced coverage, phi, be given by the following XPath expression:

phi = 
for $cov in /c/offeredCoverage[@id],
    $v in tokenize($cov//GridEnvelope/low/text(), " ")
return string-join(remove($v, d), " ")

the coordinate string representing the lower corner point of the sliced coverage, plo, be given by the following XPath expression:

plo =
for $cov in /c/offeredCoverage[@id=id],
    $v in tokenize($cov//GridEnvelope/high/text(), " ")
return string-join(remove($v, d), " ")

NOTE
These expressions first convert the list of coordinates for the low (or high) point into an array of numbers, then remove coordinate d (the slicing axis), and then combine the remaining coordinates into a string with space as a delimiter.

Then, the contents of the response r to a GetCoverage request shall be given as in XReq 29X, modified as follows:
· The domain of the sliced coverage shall be given by the following XPath expression:

/r/domainSet/Grid/limits/GridEnvelope/low = plo

/r/domainSet/Grid/limits/GridEnvelope/high = phi
/r/domainSet/Grid/@dimension = 
for $dim in /OfferedCoverages/OfferedCoverage[@id=id]
              /domainSet/Grid/@dimension
return number($dim) - 1

· The range structure of the sliced coverage shall be given by the following XPath expression:

/r/rangeStructure =  
/c/offeredCoverage[@id=id]/coverage/rangeStructure

· The range set of the sliced coverage shall be given by the following XPath expression:

/r/rangeSet = 
string-join(
  for $cov in /c/offeredCoverage[@id=id],
      $list in //gml:DataBlock/gml:tupleList,
      $prod in (hi1-lo1+1) * (hi2-lo2+1) * … * (hid-1–lod-1+1),            
      $list2 in split($list, $prod * (hi–lo+1))
  return subsequence($list2, $prod * (s-lo), $prod), “ “ )
)

	Reference:
	XReq 31

	Test method:
	Send one valid request per request type and check that the result matches the requirement.


A.1.32 Dimension subsetting sequence invariance in GetCoverage
	Test Purpose:
	XThe response to a GetCoverage request containing multiple dimensionSubset elements shall be identical to applying the evaluation steps in Subclauses 8.4.2.3 and 8.4.2.4 to the coverage addressed in any sequence.

	Reference:
	XReq 32

	Test method:
	Pick some combination of trimming and slicing operations on a given coverage. Construct a set of GetCoverage requests by building all permutations of the subsetting operations. Compare the results of all requests whether the result returned is identical. 


A.1.33 GetCoverage exceptions

	Test Purpose:
	XWhen a WCS server encounters an error while performing a GetCoverage operation, it shall return an exception report message as specified in Subclause 7.4 of [OGC 06-121r8] or, if the error occurs while performing an extension functionality, as specified in the respective extension. The allowed standard exception codes shall include those listed in Table 13. For each listed exceptionCode, the contents of the “locator” parameter value shall be as specified in the right column of  Table 13.

	Reference:
	XReq 33

	Test method:
	For each exception referenced in the requirement: Send an erroneous GetCoverage request to provoking this exception, check for proper exception reporting.


A.1.34 Protocol binding extensions
	Test Purpose:
	10 X11BExtensions

XThe specification contained in this WCS Core is not sufficient for a WCS implementation. In this Clause, the additional specifications are listed which, together with the core, constitute a specification of a minimal WCS-conformant implementation. These specifications are contained in WCS extension standards.

XWCS servers and clients shall imple​ment, for the transmission of all operation requests and responses, at least one WCS protocol extension, that is: an extension with URN
 
urn:ogc:def:extension:OGC-WCS:2.0:protocol:BINDING:EXTV 
where 
 
BINDING is the name of a concrete protocol extension 
 
EXTV is a version number.


	Reference:
	X9

	Test method:
	Determine the list of supported extensions via GetCapabilities; check that there is at least one protocol extension.


A.1.35 Coverage encoding format extensions

	Test Purpose:
	XFor transmission of GetCoverage responses, WCS servers and clients shall imple​ment at least one WCS coverage format encoding extension, that is: an extension with URN 
      urn:ogc:def:extension:OGC-WCS:2.0:coverageFormat:FMT:EXTV 
where 
 
FMT is the name of a concrete format encoding extension
 
EXTV is a version number.

	Reference:
	XReq 35

	Test method:
	Determine the list of supported extensions via GetCapabilities; check that there is at least one encoding format extension.


-- end of ATS --
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