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i. Preface

This document specifies an extended GML coverage structure extending the coverage definition of GML 3.2.1 [07-036] in a compatible way. 

Technically, this Application Schema adds one mandatory item, RangeStructure, to the AbstractCoverage definition of GML 3.2.1. The RangeStructure gives a concise description of the coverage range value definition.

This enhanced coverage type is used in the Web Coverage Service (WCS) Standard [1] version 2.0 and higher, but is independent from WCS service. It is expected that this coverage structure can serve a wide range of coverage application domains and service types, thereby contributing to harmonization and interoperability.

ii. Terms and definitions

This document uses the specification 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 Implementation Specification to the Open GeoSpatial Consortium, Inc.:

· Jacobs University Bremen
· rasdaman GmbH

· National Center for Atmospheric Research (NCAR)

· Oracle USA

· PCI Geomatics Inc.

· 
ERDAS, Inc.

· EOX IT Services GmbH

· Spot Image

· BAE Systems - C3I Systems

· Natural Environment Research Council (NERC)

· George Mason University

iv. Document Contributor Contact Points

	Name
	Organization 

	Peter Baumann
	Jacobs University Bremen, rasdaman GmbH


v. Revision history

	Date
	Release
	Author
	Paragraph modified
	Description

	2009-11-08
	0.0.1
	Peter Baumann, 
Andrei Aiordachioaie
	All
	Created


vi. 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.

vii. 
Future Work

In collaboration with the GML Standard Working Group it is foreseen to merge this Application Schema into a future version (3.x or 4.0) of GML.

Foreword

Some of the elements of this document may be the subject of patent rights. Open Geo​Spatial Consortium Inc. shall not be held responsible for identifying any such patent rights.

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. OGC WCS 2.0 [1] relies on the coverage model of the Geography Markup Language (GML) 3.2 [07-036] to make coverages interchangeable with other OGC services. GML is an XML grammar written in XML Schema for the description of application schemas as well as the transport and storage of geographic information.

In the course of developing WCS 2.0 it has turned out that the coverage definition of GML 3.2.1 does not contain sufficient and suitable information about the range data structure of a coverage. To remedy this, this document defines a GML 3.2.1 Application Schema for use in conjunction with the WCS 2.0 suite of specifications. This is a strict extension: no existing part of the GML 3.2.1 AbstractCoverage is changed in syntax nor semantics.

It is expected that the changes described in this Application Profile eventually will be incorporated in a future version of the GML standard, such as 3.3 or 4.0.

GML 3.2 Application Schema for WCS 2.0
1 Scope    …….. 
This document specifies the GML coverage structure to be used in conjunction with WCS 2.0 [09-110].

2 Compliance
Annex A (normative) specifies an Abstract Test Suite which shall be passed in completeness by any implementation claiming conformance with this Application Schema.

3 Normative 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
OGC 07-036, Geography Markup Language (GML) Encoding Standard, version 3.2.1

In addition to this document, the WCS specification includes normative XML Schema files. These are posted online at http://schemas.opengis.net/wcs/2.0/gml as part of the OGC schema repository. These XML Schema files are also available bundled with the present document for download from http://www.open​geo​spatial.net/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 Terms 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 coverage …….
feature which is a subclass (specialization) of AbstractCoverage as specified by GML 3.2.1 [07-036] and based on the abstract definition of [OGC 07-111]

5 Conventions

5.1 UML notation

All the diagrams that appear in this specification are presented using the Unified Modeling Language (UML) static structure diagram, as described in Subclause 5.2 of OGC Web Services Common [OGC 06-121r8].

5.2 Namespace prefix conventions

The namespace prefixes used in this document are not normative and are merely chosen for convenience; they may appear in examples without being formally declared, and have no semantic significance. The namespaces to which the prefixes correspond are normative, however.

Table 1 Namespace mapping conventions

	Prefix
	Namespace URI
	Description

	gml
	http://www.opengis.net/gml/3.2 
	GML 3.2.1

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

	gmlwcs
	http://www.opengis.net/wcs/2.0/gml
	GML 3.2.1 Application Schema for WCS 2.0


6 WCS Coverage Model

This Clause specifies the changes over the GML 3.2.1 coverage model.

6.1 Overview ……..
This Application Schema extends GML 3.2.1 class AbstractCoverage by adding one component, Range​Structure. No further changes are made on GML 3.2.1.

In GML 3.2.1, all coverage types are derived from the abstract AbstractCoverage datatype. This structure contains a domainSet describing the coverage’s domain and a rangeSet component containing the range values (“pixels”, “voxels”) of the coverage. 
In this Application Schema, a rangeStructure element of type Range​Structure is added to describe the coverage's range set data structure. A range value element consists of one or more fields (in remote sensing also referred to as bands or channels), each of which has a locally unique name, a data type, an optional unit of measure, and a – possibly empty – list of nil (“null”) values.

Further, the property coverageFunction, which in GML 3.2.1 is associated with every subtype of gml:AbstractCoverage, has been moved into gmlwcs:Abstract​Cov​er​age so that it is available also for any subsequent specializations.
Figure 1 shows the UML diagram pertaining to this Application Schema.
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Figure 1: The gmlwcs:AbstractCoverage structure

Req 1 Any XML document instantiating a concrete subtype of gmlwcs:Abstract​Cover​age​ shall conform with the UML diagram in Figure 1, Table 2, and the XML schema defined as part of this standard.

Table 2 The gmlwcs:AbstractCoverage data structure

	Name
	Definition
	Data type
	Multiplicity

	coverage​Function
	GML 3.2.1 coverage function to describe how range values at coverage locations can be obtained
	gml:Coverage​Function
	Zero or one 
(optional)

	domainSet
	Definition of coverage domain
	gml:DomainSet
	One (mandatory)

	rangeStructure
	Structure definition of the coverage range values
	Range​Structure
	One (mandatory)

	rangeSet
	Coverage range values
	gml:RangeSet
	One (mandatory)


6.2 RangeStructure

The new element rangeStructure adds a structure description and technical metadata required for an appropriate (however, application independent) understanding of a coverage. Range values form flat records, i.e.: a sequence of named components (“fields”) carrying simple, atomic data types (such as integer numbers).

NOTE
In a future version this might be extended to allow more complex range data structures.

Req 2 The RangeStructure component shall conform with the definition given in Table 3 and the UML diagram in Figure 1.

Table 3 The gmlwcs:RangeStructure data structure

	Name
	Definition
	XML Data type
	Multiplicity

	rangeField
	For each range field, a description of its structure and meaning
	RangeField
	One or more
(mandatory)


6.3 RangeField …….
Each coverage range field is identified by a name and has a data type definition. Optionally, a unit of measure can be provided.

Note
The unit of measure may be used whenever the measured quantity has units. It can be omitted in case there is no such unit, as is the case with ratios, for example.

Further, a range field description contains a list of nil (“null”) values which, when encountered in the range set of a coverage, represent an unknown, unspecified, or otherwise not valid item. 
Req 3 Type RangeField shall conform with the definition given in Table 4.

Table 4 The gmlwcs:RangeField data structure

	Name
	Definition
	XML Data type
	Multiplicity

	name
	Name of this range field
	Code
	One (mandatory)

	typeName
	Data type of this range field
	URN
	One (mandatory)

	uom
	Unit of measure
	gml:UomIdentifier
	Zero or one (optional)

	nilValueList
	List of values to be inter​preted as “nil” (“null”) values
	double
	Zero or more 
(optional)


Example
The following XML fragment represents a valid range structure; it models the red, green, and blue channel of a Landsat scene. Pixels are defined as unsigned 8-bit quantities where 0 and 255 denote null values:

 <gmlwcs:RangeStructure gml:id="RGB">
    <gmlwcs:rangeField>
        <gmlwcs:RangeField gml:id="Red" uom="W/cm^2">
            <gml:name>red</gml:name> 
            <gmlwcs:dataType>UnsignedChar</gmlwcs:dataType> 
            <gmlwcs:nilValueList>000 255</gmlwcs:nilValueList> 
        </gmlwcs:RangeField>
    </gmlwcs:rangeField>
    <gmlwcs:rangeField>
        <gmlwcs:RangeField gml:id="Green" uom="W/cm^2">
            <gml:name>green</gml:name> 
            <gmlwcs:dataType>UnsignedChar</gmlwcs:dataType> 
            <gmlwcs:nilValueList>000 255</gmlwcs:nilValueList> 
        </gmlwcs:RangeField>
    </gmlwcs:rangeField>
    <gmlwcs:rangeField>
        <gmlwcs:RangeField gml:id="Blue" uom="W/cm^2">
            <gml:name>blue</gml:name> 
            <gmlwcs:dataType>UnsignedChar</gmlwcs:dataType> 
            <gmlwcs:nilValueList>000 255</gmlwcs:nilValueList> 
        </gmlwcs:RangeField>
    </gmlwcs:rangeField>
</gmlwcs:RangeStructure>
Req 4 Within an instance c of gmlwcs:Abstract​Cover​age​, the following XPath expression shall be true:

fn:count(                     /c/rangeField/@name )   = 
fn:count( fn:distinct-values( /c/rangeField/@name ) )

NOTE
This states that duplicate range field names are not allowed.

Req 5 The typeName values shall be one of the URNs defined in the dictionary provided in file wcsDataTypeIdentifiers.xml, which is part of the XML schema of this standard.

Req 6 All elements in the range set of a coverage shall be compatible with the data type specified in its range structure’s typeName.

Example
Nil values 0, 42, and 255 are compatible with data type urn:ogc:def:dataType:OGC:1.1:unsignedByte.
Req 7 All elements in nilValueList shall be compatible with the data type specified by typeName.

Example
The following is a complete (rectified grid) coverage:

<?xml version="1.0" encoding="UTF-8" ?> 
<gmlwcs:RectifiedGridCoverage 
    xmlns="http://www.w3.org/2001/XMLSchema" 
    xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 
    xmlns:xlink="http://www.w3.org/1999/xlink" 
    xmlns:gmlwcs=”http://www.opengis.net/wcs/2.0/gml”
    xmlns:gml=”http://www.opengis.net/gml/3.2”
    xsi:schemaLocation=
        ”http://www.opengis.net/wcs/2.0/gml http://schemas.opengis.net/wcs/2.0/gml/gmlwcsAll.xsd”
    gml:id="Coverage1">
    <gml:domainSet>
        <gml:RectifiedGrid gml:id="RectifiedGrid1" dimension="2" 
            srsName="urn:ogc:def:crs:EPSG::4326">
            <gml:limits>
                <gml:GridEnvelope>
                    <gml:low>0 0</gml:low> 
                    <gml:high>9999 9999</gml:high> 
                </gml:GridEnvelope>
            </gml:limits>
            <gml:axisLabels>column row</gml:axisLabels> 
            <gml:origin>
                <gml:Point gml:id="Origin1" srsName="urn:ogc:def:crs:EPSG::4326">
                    <gml:pos>99.9 99.9</gml:pos> 
                </gml:Point>
            </gml:origin>
            <gml:offsetVector>1 0</gml:offsetVector> 
            <gml:offsetVector>0 1</gml:offsetVector> 
        </gml:RectifiedGrid>
    </gml:domainSet>
    <gml:rangeSet>
        <gml:File>
        <gml:rangeParameters xlink:href="TBDurl" /> 
        <gml:fileReference>TBDurlOfFile</gml:fileReference> 
        <gml:fileStructure>TBD</gml:fileStructure> 
        </gml:File>
    </gml:rangeSet>
    <gmlwcs:rangeStructure>
        <gmlwcs:RangeStructure gml:id="RangeStructure1">
            <gmlwcs:rangeField>
                <gmlwcs:RangeField gml:id="White" uom="W/cm^2">
                    <gml:name>white</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>
    <gml:coverageFunction>
        <gml:GridFunction>
            <gml:sequenceRule axisOrder="+1 +2">Linear</gml:sequenceRule> 
            <gml:startPoint>0 0</gml:startPoint> 
        </gml:GridFunction>
    </gml:coverageFunction>
</gmlwcs:RectifiedGridCoverage>
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Annex A
(normative)

Abstract test suite

This Annex specifies an Abstract Test Suite which shall be passed in completeness by any implementation claiming conformance with this Application Schema.

A.1 Conformance Test Class: Application Schema

A.1.1 Document validates
	Test Purpose:
	Any XML document instantiating a concrete subtype of gmlwcs:Abstract​Cover​age​ shall conform with the UML diagram in Figure 1, Table 2, and the XML schema defined as part of this standard.

	Reference:
	Req 1

	Test method:
	Load document into an XML validator. Test passes if document is a valid concrete subtype of wcsgml:AbstractCoverage.


A.1.2 Range structure
	Test Purpose:
	The RangeStructure component shall conform with the definition given in Table 3 and the UML diagram in Figure 1.

	Reference:
	Req 2

	Test method:
	Load document into an XML validator. Test passes if RangeStructure component validates.


A.1.3 Range field structure
	Test Purpose:
	Type RangeField shall conform with the definition given in Table 4.

	Reference:
	Req 3

	Test method:
	Load document into an XML validator. Test passes if RangeField component validates.


A.1.4 Unique range field names
	Test Purpose:
	Within an instance c of gmlwcs:Abstract​Cover​age​, the following XPath expression shall be true:

	Reference:
	Req 4

	Test method:
	Load document into an XML validator. Test passes if constraint is fulfilled (no duplicate range field names).


A.1.5 Well-known range data type
	Test Purpose:
	The typeName values shall be one of the URNs defined in the dictionary provided in file wcsDataTypeIdentifiers.xml, which is part of the XML schema of this standard.

	Reference:
	Req 5

	Test method:
	Examine typeName element. Test passes if its content is listed in the GML Application Schema file wcsDataTypeIdentifiers.xml.


A.1.6 Type compatible range values
	Test Purpose:
	All elements in the range set of a coverage shall be compatible with the data type specified in its range structure’s typeName.

	Reference:
	Req 6

	Test method:
	Check every range value against the type indicated in typeName. Test passes if all range values are compatible.


A.1.7 Type compatible nil values
	Test Purpose:
	All elements in nilValueList shall be compatible with the data type specified by typeName.

	Reference:
	Req 7

	Test method:
	Check every nil value against the type indicated in typeName. Test passes if all nil values are compatible.


-- end of ATS --
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