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Abstract
The OGC GML Application Schema - Coverages (“GMLCOV”) version 1.0 [OGC 09-146r2], recently renamed the OGC Implementation Schema for Coverages version 1.0, provides a ReferenceableGridCoverage element for representing coverages on a referenceable grid.  However, GMLCOV provides no instantiable subtypes of a critical sub-element of ReferenceableGridCoverage, GMLCOV::AbstractReferenceableGrid.  To make use of ReferenceableGridCoverage, an Application Profile deriving from GMLCOV would need to be developed.   GML 3.3 is not such a Profile of GMLCOV.  Use of the instantiable referenceable grid elements of GML 3.3 with ReferenceableGridCoverage violates Requirement 14 of GMLCOV 1.0 and Requirement 24 of the OGC Modular Specification[footnoteRef:1]. [1:  OGC 08-131r3, The Specification Model — A Standard for Modular Specifications] 

This OGC Implementation Schema for Coverages – ReferenceableGridCoverage Extension provides a set of referenceable grid elements for use as sub-elements of ReferenceableGridCoverage.  Three of these elements have been adapted from GML 3.3, while a fourth emerged from work on a Testbed-11 Engineering Report[footnoteRef:2]. [2:  OGC 15-065r1, OGC Testbed11 Referenceable Grid Harmonization Engineering Report] 

Keywords
The following are keywords to be used by search engines and document catalogues.
ogcdoc, OGC document, GMLCOVRGRID, GMLCOV, coverage, grid, referenceable, domain, GML, SensorML
Preface
The OGC GML Application Schema - Coverages (“GMLCOV”) version 1.0 [OGC 09-146r2], recently renamed the OGC Implementation Schema for Coverages version 1.0, provides a ReferenceableGridCoverage element for representing coverages on a referenceable grid.  For the structure of a ReferenceableGridCoverage to be correct, its GML::domainSet must contain an instantiable subtype of GMLCOV::AbstractReferenceableGrid.  Subtypes of this abstract element specify the transformations that map grid positions to coordinates in an external coordinate reference system.  

While GMLCOV defines no instantiable referenceable grid elements, GML 3.3 provides instantiable subtypes of a different AbstractReferenceableGrid, one with namespace GMLRGRID.  As the AbstractReferenceableGrid elements of GML 3.3 are not based on the native AbstractReferenceableGrid element of GMLCOV 1.0, the user of the GML 3.3 referenceable grid elements in the GML::domainSet of a ReferenceableGridCoverage violates Requirement 14 of GMLCOV:  “A coverage of type ReferenceableGridCoverage shall have a domain geometry that is a subtype of AbstractReferenceableGrid.”  

As GML 3.3 and GMLCOV 1.0 are “leaf packages” of GML 3.2.1, such that there is no direct dependency of one on the other, the user of the GML 3.3 referenceable grid elements in the GML::domainSet of a ReferenceableGridCoverage violates Requirement 24 of the OGC Modular Specification[footnoteRef:3], in that GML 3.3 is not a conformant extension to GMLCOV 1.0.  The Requirement states: “A specification conformant to this standard shall require all conformant extensions to itself to be conformant to this standard.” [3:  OGC 08-131r3] 


This OGC Implementation Schema for Coverages – ReferenceableGridCoverage Extension standard ‒ henceforth known as the “ReferenceableGridCoverage Extension” ‒ provides a set of native referenceable grid elements, via an Application Profile GMLCOVRGRID of GMLCOV 1.0.  GMLCOVRGRID supports the following elements with namespace GMLCOVRGRID: 
1) ReferenceableGridBySensorModel provides access to grid transformations via SensorML 2.0, where the associated SensorML 2.0 documents are recommended to be based on profiles associated with referenceable grid transformations (such as ISO 19130[footnoteRef:4] and the Community Sensor Models[footnoteRef:5] from NGA).  [4:  ISO/TS 19130:2010, Geographic information – Imagery sensor models for geopositioning]  [5:  e.g. NGA.SIG.0002_2.1, Frame Sensor Model Metadata Profile Supporting Precise Geopositioning] 

2) ReferenceableGridByArray, ReferenceableGridByVectors, and ReferenceableGridByTransformation are adapted from the GML 3.3 schema file referenceableGrid.xsd.
GMLCOVRGRID is a strict extension[footnoteRef:6] of GMLCOV 1.0.  No existing part of GMLCOV 1.0 is changed in its syntax, nor in its semantics. [6:  OGC 08-131r3] 


According to Requirement 1 of a proposed version 1.1 of GMLCOV[footnoteRef:7], renamed the “Coverage Implementation Standard” or CIS 1.1, coverages based on GMLCOV 1.0 (retroactively renamed CIS 1.0) shall continue to be considered valid.  Thus, a ReferenceableGridCoverage Extension would remain relevant after CIS 1.1 becomes an official OGC standard, as CIS 1.1 makes no attempt to add further support to the ReferenceableGridCoverage element over what is available in GMLCOV 1.0. [7:  OGC 09-146r3, OGC Coverage Implementation Schema 1.1 (CIS 1.1) (draft)] 


As the details of sensor models and their metadata profiles for use with the ReferenceableGridBySensorModel element is beyond the scope of this document, the need for an OGC “Sensor Extension” document is foreseen, either as a Standard or as a Best Practice.

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 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.
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1. [bookmark: _Toc450148187]Scope
This ReferenceableGridCoverage Extension specifies an encoding of instantiable referenceable grid elements supportive of GMLCOV::ReferenceableGridCoverage.
2. [bookmark: _Toc450148188]Conformance
This standard defines the following requirements and conformance classes:
· coverage, of URI http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/req/coverage, with a single pertaining conformance class, coverage, of URI http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/conf/coverage.

· sensorml, of URI http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/req/sensorml, with a single pertaining conformance class, sensorml, of URI http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/conf/sensorml.

· gmlrgrid, of URI http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/req/gmlrgrid, with a single pertaining conformance class, gmlrgrid, of URI http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/conf/gmlrgrid.

Requirements for 1 standardization target type is considered:
ReferenceableGridCoverage instance documents that contain in their domain sets one or more GMLCOVRGRID referenceable grid elements, or referenceable grid elements derived thereof.
Conformance with this standard shall be checked using all the relevant tests specified in Annex A (normative) of this document. The framework, concepts, and methodology for testing, and the criteria to be achieved to claim conformance are specified in the OGC Compliance Testing Policies and Procedures and the OGC Compliance Testing web site[footnoteRef:8]. [8:  cite.opengeospatial.org/teamengine ] 

All requirements-classes and conformance-classes described in this document are owned by the standard(s) identified.
3. [bookmark: _Toc450148189]References
The following normative documents contain provisions that, through reference in this text, constitute provisions of this document.
OGC 09-146r2, OGC Implementation Schema for Coverages (GMLCOV 1.0)

Conformance class: http://www.opengis.net/spec/gmlcov/1.0/conf/gml-coverage

OGC 12-000, OGC SensorML: Model and XML Encoding Standard
Conformance class: http://www.opengis.net/spec/sensorML/2.0/conf/xml/coreProcess
[bookmark: _Toc450148190]Terms and Definitions
This document uses the terms defined in Sub-clause 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.
For the purposes of this document, the following additional terms and definitions apply.
[bookmark: _Toc450148191]referenceable grid

ISO 19123 (or, equivalently, OGC 07-011) section 4.1.33 define a referenceable grid as “A grid associated with a transformation that can be used to convert grid coordinate values to values of coordinates referenced to an external coordinate reference system”. Immediately following the definition is a NOTE, further specifying that “If the coordinate reference system is related to the earth by a datum, the grid is a georeferenceable grid.”

[bookmark: _Toc450148192]coverage

ISO 19123 (or, equivalently, OGC 07-011) section 4.1.7 define a coverage as a “feature that acts as a function to return values from its range for any direct position within its spatiotemporal domain”.


[bookmark: _Toc450148193]ReferenceableGridCoverage structure

Requirement 14 of GMLCOV 1.0 [OGC 09-146r2] states, regarding the structure of a ReferenceableGridCoverage, “A coverage of type ReferenceableGridCoverage shall have a domain geometry that is a subtype of AbstractReferenceableGrid.”

[bookmark: _Toc450148194]sensor model

According to SensorML 2.0 [OGC 12-000] section 4.31: “In line with traditional definitions of the remote sensing community, a sensor model is a type of Location Model that allows one to georegister observations from a sensor (particularly remote sensors).”  

According to ISO 19130, which is narrowly focused on imagery, a sensor model is a “mathematical description of the relationship between the three-dimensional object space and the two-dimensional plane of the associated image produced by a sensor.”

Note		As sensor models are used in this ReferenceableGridCoverage Extension to represent referenceable grid transformations for any relevant remote sensing system, the working definition of a sensor model assumed throughout this document is as follows: A sensor model is a mathematical model for estimating geolocations from data recorded by a remote sensing system.


[bookmark: _Toc450148195]Conventions
This section provides details and examples for any conventions used in the document. Examples of conventions are symbols, abbreviations, use of XML schema, or special notes regarding how to read the document.
[bookmark: _Toc450148196]Identifiers
The normative provisions in this specification are denoted by the URI 
http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0 
All requirements and conformance tests that appear in this document are denoted by partial URIs which are relative to this base.
[bookmark: _Toc450148197]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.

	Prefix
	Namespace URI
	Description

	xsd
	http://www.w3.org/2001/
XMLSchema
	XML Schema namespace

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

	gmlcov
	http://www.opengis.net/gmlcov/1.0
	GMLCOV 1.0

	sml
	http://schemas.opengis.net/
sensorML/2.0
	SensorML 2.0

	gmlcovrgrid
	http://www.opengis.net/gmlcov/
gmlcovrgrid/1.0
	ReferenceableGridCoverage Extension 1.0


Table 1  Namespace mappings


[bookmark: _Toc450148198]Class coverage
[bookmark: _Toc450148199]Overview
Requirements class coverage specifies that coverages containing GMLCOVRGRID referenceable grid elements shall follow Requirement 14 of GMLCOV 1.0 regarding the structure of a ReferenceableGridCoverage: “A coverage of type ReferenceableGridCoverage shall have a domain geometry that is a subtype of AbstractReferenceableGrid.”

	Requirements Class

	http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/req/coverage

	Target type
	Token

	Dependency 
	http://www.opengis.net/spec/GMLCOV/1.0/conf/gml-coverage

	Requirement
	http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/req/coverage/coverage-type 
Coverages using GMLCOVRGRID referenceable grid elements shall be of type GMLCOV::ReferenceableGridCoverage or a subtype thereof.

	Requirement
	http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/req/coverage/rgrid-restriction 
GMLCOVRGRID referenceable grid elements shall only be employed in the domain set of a GMLCOV::ReferenceableGridCoverage or subtype thereof.

	Requirement
	http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/req/coverage/domainset-occupation
The domain set of GMLCOV::ReferenceableGridCoverage elements, or subtypes thereof, shall be occupied by a subtype of GMLCOV::AbstractReferenceableGrid.



[bookmark: _Toc450148200]Class sensorml
[bookmark: _Toc450148201]Overview
Requirements class sensorml specifies a ReferenceableGridBySensorModel, where the grid transformation of the referenceable grid is defined by a sensor model described with SensorML 2.0.  Such a sensor model involves two inputs: one or more sensor model descriptions containing free variables (using SML::sensorModel) plus a respective set of variable instantiations (using SML::sensorInstance).  For each sensor model and corresponding instance, the domain set of the coverage is defined via a referenceable grid transformation from locations on the grid to coordinates in an external coordinate reference system.
Note	Both sensorModel and sensorInstance are subtypes of SML::AbstractProcessPropertyType that can be followed by instantiable subtypes of SML::AbstractProcess, which include SML::SimpleProcess, SML::AggregateProcess, SML::PhysicalSystem, and SML::PhysicalComponent. 

	Requirements Class

	http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/req/sensorml

	Target type
	Token

	Dependency
	http://www.opengis.net/spec/sensorML/2.0/req/xml/coreProcess

	Requirement
	http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/req/sensorml/structure
A GMLCOVRGRID referenceable grid of type ReferenceableGridBySensorModel shall have a structure as given in Table 1.



[bookmark: Cover_RemoveText2]
	Name
	Definition
	Data type
	Multiplicity

	sensorModel
	SensorML model yielding the direct positions of the grid
	SML::
AbstractProcessPropertyType
	One
(mandatory)

	sensorInstance
	Parameter values for the sensor model
	SML:: AbstractProcessPropertyType
	Zero or one
(optional)


Table 2  GMLCOVRGRID::ReferenceableGridBySensorModel structure

Note 1		If a sensorInstance is specified, it is recommended (following SensorML 2.0 Requirement 13) that its associated SensorML 2.0 document reference its parent sensorModel via a SML::typeOf specification.
Note 2		If a sensorInstance is specified, it is recommended that its associated SensorML 2.0 document specify a set of parameter values consistent with the free variables of its parent sensorModel.  If a sensorInstance is not specified, it is recommended that the parameter values are instead specified within the associated SensorML 2.0 document of the mandatory sensorModel.
Note 3		The SensorML 2.0 documents associated with sensorModel and sensorInstance may, following SensorML 2.0 Requirement 40, be specified inline or by reference but not be empty.
[bookmark: _Toc450148202]Class gmlrgrid
[bookmark: _Toc450148203]Overview
Requirements class gmlrgrid specifies GMLCOVRGRID elements ReferenceableGridByArray, ReferenceableGridByVectors, and ReferenceableGridByTransformation that have been adapted from GML 3.3[footnoteRef:9] and its associated schema file referenceableGrid.xsd.  For each of the three instantiable referenceable grid elements of class gmlrgrid, the domain set of the coverage is defined via a referenceable grid transformation from locations on the grid to coordinates in an external coordinate reference system. [9:  OGC 10-129r1] 

Note 1		There is no dependency of class gmlrgrid on GML 3.3.
Note 2		The GML 3.3 document’s respective sections on its referenceable grid elements remain valid as a guide for use of these adapted GMLCOVRGRID elements.  See section 10.4 for ReferenceableGridByArray, section 10.5 for ReferenceableGridByVectors, and section 10.6 for ReferenceableGridByTransformation.
Note 3		Requirement class gmlrgrid has been adapted from the GML 3.3 Requirement class: http://www.opengis.net/spec/GML/3.3/req/rgrid.

	Requirements Class

	http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/req/gmlrgrid

	Target type
	Token

	Requirement
	http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/req/gmlrgrid/validity
Any XML node whose content model is specified with schema components of GMLCOVRGRID referenceable grid types ReferenceableGridByArray, ReferenceableGridByVectors, and ReferenceableGridByTransformation shall be well-formed and valid.




[bookmark: _Toc450148204]Annex A: Conformance Class Abstract Test Suite
(Normative)
This Annex specifies an Abstract Test Suite that shall be passed in completeness by any implementation claiming conformance with this Application Schema.

Tests identifiers below are relative to http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/.

[bookmark: _Toc450148205]Conformance class: coverage
The OGC URI identifier of this conformance class is: http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/conf/coverage.
Correct coverage type
	Test id:
	conf/coverage/coverage-type

	Test purpose:
	Requirement req/coverage/coverage-type:
Coverages using GMLCOVRGRID referenceable grid elements shall be of type GMLCOV::ReferenceableGridCoverage or a subtype thereof.
Dependency: http://www.opengis.net/spec/GMLCOV/1.0/conf/gml-coverage

	Test method:
	The XML document is expected to contain one or more GMLCOV::ReferenceableGridCoverage elements.  Test fails if a GMLCOVRGRID referenceable grid element is found in the domain set of a coverage that is not a GMLCOV::ReferenceableGridCoverage or a valid subtype thereof.  Test passes otherwise.



Restriction on use of referenceable grid elements
	Test id:
	conf/coverage/rgrid-restriction

	Test purpose:
	Requirement req/coverage/rgrid-restriction:
GMLCOVRGRID referenceable grid elements shall only be employed in the domain set of a GMLCOV::ReferenceableGridCoverage or subtype thereof.
Dependency: http://www.opengis.net/spec/GMLCOV/1.0/conf/gml-coverage

	Test method:
	If any subtype of GMLCOV::AbstractReferenceableGrid in the XML document is found outside of the domain set of a GMLCOV::ReferenceableGridCoverage or a valid subtype thereof, the test fails.  Test passes otherwise.



Domain set occupation
	Test id:
	conf/coverage/domainset-occupation

	Test purpose:
	Requirement req/coverage/domainset-occupation:
The domain set of GMLCOV::ReferenceableGridCoverage elements, or subtypes thereof, shall be occupied by a subtype of GMLCOV::AbstractReferenceableGrid.
Dependency: http://www.opengis.net/spec/GMLCOV/1.0/conf/gml-coverage

	Test method:
	Test fails if no valid subtype of GMLCOV::AbstractReferenceableGrid occupies the domain set of a GMLCOV::ReferenceableGridCoverage, or subtype thereof.  Test passes otherwise.







[bookmark: _Toc450148206]Conformance class: sensorml
The OGC URI identifier of this conformance class is: http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/conf/sensorml.
A.2.1		Structure of ReferenceableGridBySensorModel
	Test id:
	conf/sensorml/structure

	Test purpose:
	Requirement req/sensorml/structure:
A GMLCOVRGRID referenceable grid of type ReferenceableGridBySensorModel shall have a structure as given in Table 1.
Dependency: http://www.opengis.net/spec/sensorML/2.0/req/xml/coreProcess

	Test method:
	If the domain set of any ReferenceableGridCoverage is a GMLCOVRGRID::ReferenceableGridBySensorModel, or subtype thereof, that does not have the required information structures, the test fails.  Test passes otherwise.



[bookmark: _Toc450148207]Conformance class: gmlrgrid
The OGC URI identifier of this conformance class is: http://www.opengis.net/spec/GMLCOV/GMLCOVRGRID/1.0/conf/gmlrgrid.
A.4.1 Well-formed and valid XML nodes
	Test id:
	conf/gmlrgrid/validity

	Test purpose:
	Requirement req/gmlrgrid/validity:
Any XML node whose content model is specified with schema components of GMLCOVRGRID referenceable grid types ReferenceableGridByArray, ReferenceableGridByVectors, and ReferenceableGridByTransformation shall be well-formed and valid.

	Test method:
	If the domain set of any ReferenceableGridCoverage is a GMLCOVRGRID::ReferenceableGridByArray, GMLCOVRGRID::ReferenceableGridByVectors, or GMLCOVRGRID::ReferenceableGridByTransformation, or a subtype thereof, that does not successfully validate with no errors reported, the test fails.  Test passes otherwise.


[bookmark: _Toc450148208]
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(non-normative)
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