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	Reason for change:
(

	ISO 19123 defines geometry for quadrilateral grids (CV_Grid), with subclasses for rectified (CV_RectifiedGrid) and referenceable (CV_ReferenceableGrid) grids. Discrete coverages over any of these are modelled through the CV_DiscreteGridPointCoverage.

GML provides an implementation only of the CV_Grid (Grid) and CV_RectifiedGrid (RectifiedGrid) geometries, with corresponding discrete coverages GridCoverage and RectifiedGridCoverage.

This change request adds an implementation of the CV_ReferenceableGrid and an associated coverage.

	
	

	Summary of change:
(

	Addition of new classes ReferenceableGrid and ReferenceableGridCoverage, and inclusion of a new definition ‘referenceable grid’.

	
	

	Consequences if 
(

not approved:
	· GML will continue to provide an incomplete implementation of ISO 19123

· Core datasets in a significant number of application domains (especially in the earth sciences) will fail to be supported by GML

	
	

	Clauses affected:
(

	4.49- (Terms and definitions); 20.2.4-6 (new clauses for ReferenceableGrid, GridPointDescription, GridOrdinateDescription); 20.3.22 (new clause for ReferenceableGridCoverage); D.2.11 update to Annex D describing GML mapping of ISO 19123.

	
	

	Other specs
(

	
	 Other core specifications
(

	

	Affected:
	
	 Abstract specifications
	

	
	
	 Recommendation Papers
	

	
	

	Other comments:
(

	The proposal here formalises best practice in several domains that utilise coverages over referenceable grid geometries. It is often the case that such grids are aligned with coordinate system axes (e.g. latitude-longitude finite-difference grids for numerical weather prediction with enhanced resolution over some region of interest). In such cases, it is conventional to specify grid-point locations by listing these locations along each axis of the coordinate system separately (e.g. latitude and longitude coordinates along each axis of the grid). Thus, in an n x m referenceable grid aligned with coordinate system axes, only n + m coordinate values are required to reference the grid – rather than 2.n.m if full coordinate locations were to be specified for all grid points. For coverages over such grids, the specification of the domain is twice as large as the range unless this efficiency is made.


Insert new clause 4.49 and re-number subsequent clauses:

4.49

referenceable grid

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

NOTE If the coordinate reference system is related to the earth by a datum, the grid is a georeferenceable grid.
[ISO 19123]
Add new clauses 20.2.4-20.2.6 for ReferenceableGrid, GridPointDescription, and GridOrdinateDescription:
20.2.4 ReferenceableGrid

A referenceable grid is associated with a transform between grid coordinates and coordinates in an external coordinate reference system. Unlike a rectified grid, this relationship cannot be characterised through an affine transformation. It is instead provided in a table, relating the grid points to coordinates in the external coordinate reference system. The grid lines in the external coordinate reference system need not be straight or orthogonal, and the grid cells may be of different shapes and sizes.

EXAMPLE 1
Figure 8 shows an example of a referenceable grid.
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Figure 8 — ReferenceableGrid example
Two mechanisms are provided to specify the transformation table – either listing the grid point locations explicitly as a sequence of direct positions in a defined sequence order (gml:GridPointDescription, 20.2.5), or listing the coordinate values for each coordinate system axis separately over the grid point locations (gml:GridOrdinateDescription, 20.2.6). The latter allows efficiency for the common case where an axis of the referenceable grid is aligned with a coordinate system axis.

The gml:ReferenceableGrid implements ISO 19123 CV_ReferenceableGrid (see D.2.11 and ISO 19123:2005, 8.10), and is defined as an extension to gml:Grid by adding a gml:coordTableTransform property of type gml:GridCoordsTableType:


<element name="ReferenceableGrid" type="gml:ReferenceableGridType" substitutionGroup="gml:Grid"/>


<complexType name="ReferenceableGridType">


<annotation>



<documentation>An implementation of CV_ReferenceableGrid of ISO 19123.







The association role 'crs' to the SC_CRS to which it is referenceable is implemented using the gml:SRSReferenceGroup attributeGroup inherited from gml:Grid.</documentation>


</annotation>


<complexContent>



<extension base="gml:GridType">




<sequence>





<element name="coordTransformTable" type="gml:GridCoordinatesTablePropertyType"/>




</sequence>



</extension>


</complexContent>

</complexType>

A property type for the gml:ReferenceableGrid is also defined:


<complexType name="ReferenceableGridPropertyType">


<sequence>



<element ref="gml:ReferenceableGrid"/>


</sequence>


<attributeGroup ref="gml:OwnershipAttributeGroup"/>

</complexType>

The gml:GridCoordinatesTable is defined as follows:


<complexType name="GridCoordinatesTablePropertyType">


<sequence>



<element ref="gml:GridCoordinatesTable"/>


</sequence>


<attributeGroup ref="gml:OwnershipAttributeGroup"/>

</complexType>


<element name="GridCoordinatesTable" type="gml:GridCoordinatesTableType" substitutionGroup="gml:AbstractObject"/>


<complexType name="GridCoordinatesTableType">


<annotation>



<documentation>Defines a table providing the transformation between grid coordinates and external coordinate reference system (see ISO 19123 8.2.1). Allows all grid point locations to be listed explicitly (using the gml:gridPoints property), or individual ordinates to be listed for each coordinate system axis (using a set of gml:gridOrdinate elements – one for each axis of the coordinate reference system).</documentation>


</annotation>


<choice>



<element name="gridOrdinate" type="gml:GridOrdinateDescriptionPropertyType" maxOccurs="unbounded"/>



<element name="gridPoints" type="gml:GridPointDescriptionPropertyType"/>


</choice>

</complexType>

20.2.5 GridPointDescription, GridPointDescriptionType, GridPointDescriptionPropertyType
A gml:GridPointDescription lists the location of grid points explicitly as a sequence of direct positions in an external coordinate reference system, in a defined sequence order.

gml:GridPointDescription is defined as follows:


<element name="GridPointDescription" type="gml:GridPointDescriptionType" substitutionGroup="gml:AbstractObject"/>


<complexType name="GridPointDescriptionType">


<annotation>



<documentation>GridPointDescription defines grid point locations over entire Grid by listing direct positions in given sequence order.</documentation>


</annotation>


<sequence>



<group ref="gml:geometricPositionListGroup"/>



<element name="sequenceRule" type="gml:SequenceRuleType"/>


</sequence>

</complexType>


<complexType name="GridPointDescriptionPropertyType">


<sequence>



<element ref="gml:GridPointDescription"/>


</sequence>


<attributeGroup ref="gml:OwnershipAttributeGroup"/>

</complexType>
The element group gml:geometricPositionListGroup contributes a gml:posList to the content model, providing a list of direct positions for all grid point locations, in the sequence order specified by gml:sequenceRule.

EXAMPLE 2
The gml:ReferenceableGrid of EXAMPLE 1 may be encoded using a gml:GridPointDescription as follows:





<gml:ReferenceableGrid gml:id="ID001" srsName="urn:ogc:def:crs:EPSG:6.6:4326" dimension="2">





<gml:limits>






<gml:GridEnvelope>







<gml:low>0 0</gml:low>







<gml:high>7 4</gml:high>






</gml:GridEnvelope>





</gml:limits>





<gml:axisLabels>x y</gml:axisLabels>





<gml:coordTransformTable>






<gml:GridCoordinatesTable>







<gml:gridPoints>








<gml:GridPointDescription>









<gml:posList>
13.5 53.1   24.9 48.7   32.4 46.2   37.7 44.7   41.5 43.9   46.8 43.3   54.4 43.1   65.7 44.0

13.5 46.2   24.9 43.2   32.4 41.5   37.7 40.6   41.5 40.2   46.8 40.0   54.4 40.3   65.7 41.7

13.5 37.1   24.9 36.1   32.4 35.6   37.7 35.5   41.5 35.7   46.8 36.0   54.4 37.1   65.7 39.5

13.5 30.4   24.9 30.2   32.4 30.4   37.7 30.7   41.5 31.1   46.8 32.0   54.4 33.8   65.7 37.2

13.5 24.3   24.9 24.8   32.4 25.3   37.7 26.0   41.5 26.6   46.8 27.7   54.4 29.7   65.7 33.4</gml:posList>









<gml:sequenceRule axisOrder="+1 -2">Linear</gml:sequenceRule>








</gml:GridPointDescription>







</gml:gridPoints>






</gml:GridCoordinatesTable>





</gml:coordTransformTable>




</gml:ReferenceableGrid>
NOTE
In this example the formatting of the grid point locations within the gml:posList is for illustrative purposes only and not relevant for XML processing.
20.2.6 GridOrdinateDescription, GridOrdinateDescriptionType, GridOrdinateDescriptionPropertyType
A gml:GridOrdinateDescription lists the values of a single coordinate system axis over the grid points in a defined sequence order; it is repeated for each axis of the coordinate system.

Furthermore, if these coordinate values are uniform along one or more axes of the grid, they do not need to be repeated over those grid axes. Thus, for the common case where a grid is aligned with the coordinate system axes (but has non-equally spaced grid point locations) the coordinate values of grid points need only be specified along relevant grid axes, and not over all grid points.

gml:GridOrdinateDescription is defined as follows:


<element name="GridOrdinateDescription" type="gml:GridOrdinateDescriptionType" substitutionGroup="gml:AbstractObject"/>


<complexType name="GridOrdinateDescriptionType">


<annotation>



<documentation>GridOrdinateDescription defines grid point locations over entire Grid for a single spatial or temporal coordinate axis.</documentation>


</annotation>


<sequence>



<element name="coordAxisLabel" type="NCName"/>



<element name="coordAxisValues" type="gml:SpatialOrTemporalPositionListPropertyType"/>



<element name="gridAxesSpanned" type="gml:NCNameList"/>



<element name="sequenceRule" type="gml:SequenceRuleType"/>


</sequence>

</complexType>


<complexType name="GridOrdinateDescriptionPropertyType">


<sequence>



<element ref="gml:GridOrdinateDescription"/>


</sequence>


<attributeGroup ref="gml:OwnershipAttributeGroup"/>

</complexType>
The element gml:coordAxisLabel names the coordinate system axis for which grid point locations are being defined. It should be consistent with the axis labels used for the CRS associated through the gml:srsName attribute of the parent gml:ReferenceableGrid.
gml:coordAxisValues lists grid point locations for the relevant coordinate system axis. Both spatial and temporal coordinate system axes are supported.

The element gml:gridAxesSpanned lists those grid axes along which this coordinate varies, and for which grid point locations are being prescribed. It will not normally include any grid axes along which all grid points have the same value for the coordinate being defined.
EXAMPLE 3
Consider a two-dimensional grid with axes x, y aligned with the longitude and latitude axes of the associated coordinate system. Then the longitude coordinate varies only along the x grid axis, and the latitude coordinate varies only along the y grid axis.

The element gml:sequenceRule specifies the order in which the coordinate values are being specified over the grid axes spanned.
EXAMPLE 4
The gml:ReferenceableGrid of EXAMPLE 1 may be encoded using gml:GridOrdinateDescription as follows:





<gml:ReferenceableGrid gml:id="ID001" srsName="urn:ogc:def:crs:EPSG:6.6:4326" dimension="2">





<gml:limits>






<gml:GridEnvelope>







<gml:low>0 0</gml:low>







<gml:high>7 4</gml:high>






</gml:GridEnvelope>





</gml:limits>





<gml:axisLabels>x y</gml:axisLabels>





<gml:coordTransformTable>






<gml:GridCoordinatesTable>







<gml:gridOrdinate>








<gml:GridOrdinateDescription>









<gml:coordAxisLabel>Geodetic longitude</gml:coordAxisLabel>









<gml:coordAxisValues>










<gml:SpatialOrTemporalPositionList>












<gml:coordinateList>13.5 24.9 32.4 37.7 41.5 46.8 54.4 65.7</gml:coordinateList>










</gml:SpatialOrTemporalPositionList>










</gml:coordAxisValues>










<gml:gridAxesSpanned>x</gml:gridAxesSpanned >









<gml:sequenceRule axisOrder="+1">Linear</gml:sequenceRule>








</gml:GridOrdinateDescription>







</gml:gridOrdinate>







<gml:gridOrdinate>








<gml:GridOrdinateDescription>









<gml:coordAxisLabel>Geodetic latitude</gml:coordAxisLabel>









<gml:coordAxisValues>











<gml:SpatialOrTemporalPositionList>












<gml:coordinateList>

53.1 48.7 46.2 44.7 43.9 43.3 43.1 44.0

46.2 43.2 41.5 40.6 40.2 40.0 40.3 41.7

37.1 36.1 35.6 35.5 35.7 36.0 37.1 39.5

30.4 30.2 30.4 30.7 31.1 32.0 33.8 37.2

24.3 24.8 25.3 26.0 26.6 27.7 29.7 33.4












</gml:coordinateList>










</gml:SpatialOrTemporalPositionList>










</gml:coordAxisValues>










<gml:gridAxesSpanned>x y</gml:gridAxesSpanned >









<gml:sequenceRule axisOrder="+1 -2">Linear</gml:sequenceRule>








</gml:GridOrdinateDescription>







</gml:gridOrdinate>






</gml:GridCoordinatesTable>





</gml:coordTransformTable>




</gml:ReferenceableGrid>
NOTE
In this example the formatting of the coordinate values within the gml:coordinateList is not relevant for XML processing.

NOTE
In this example, longitude coordinates of grid points are uniform along the ‘y’ axis of the grid (see Figure 8), and so the corresponding gml:gridOrdinate needs only to specify values along the ‘x’ axis (i.e. the grid axis spanned is ‘x’). Latitude values, however, vary along both grid axes and so are specified over both grid axes in the defined sequence order.
In order to support compound spatiotemporal coordinate reference systems, coordinate values are specified using a gml:SpatialOrTemporalPositionList:


<element name="SpatialOrTemporalPositionList" type="gml:SpatialOrTemporalPositionListType" substitutionGroup="gml:AbstractObject"/>

<complexType name="SpatialOrTemporalPositionListType">


<annotation>



<documentation>SpatialOrTemporalPositionList allows efficient lists of either spatial or temporal positions.</documentation>


</annotation>


<choice>



<element name="coordinateList">




<simpleType>





<list itemType="double"/>




</simpleType>



</element>



<element ref="gml:timePositionList"/>


</choice>

</complexType>

<element name="timePositionList" type="gml:TimePositionListType"/>

<simpleType name="TimeValueList">


<list itemType="gml:TimePositionUnion"/>

</simpleType>

<complexType name="TimePositionListType">


<simpleContent>



<extension base="gml:TimeValueList">




<attribute name="frame" type="anyURI" default="#ISO-8601"/>




<attribute name="calendarEraName" type="string"/>




<attribute name="indeterminatePosition" type="gml:TimeIndeterminateValueType"/>



</extension>


</simpleContent>

</complexType>
NOTE
Spatiotemporal compound coordinate reference systems are explicitly intended to be supported for coverages over spatiotemporal domains (see the NOTE at clause 20.3.4). While the definitions above support referenceable grid geometries over such domains, additional changes are required to support rectified grid and other geometries over spatiotemporal domains (for instance gml:offsetVector does not support temporal offsets).
Add new clause 20.3.22 for ReferenceableGridCoverage:

20.3.22 ReferenceableGridCoverage
The gml:ReferenceableGridCoverage is a discrete grid point coverage based on a referenceable grid. It has a domain that is a gml:ReferenceableGrid as defined in 20.2.4.
It is defined as follows:


<element name="ReferenceableGridCoverage" type="gml:ReferenceableGridCoverageType" substitutionGroup="gml:AbstractDiscreteCoverage"/>

<complexType name="ReferenceableGridCoverageType">


<annotation>



<documentation>Implementation of ISO 19123 CV_DiscreteGridPointCoverage for a CV_ReferenceableGrid domain.</documentation>


</annotation>


<complexContent>



<restriction base="gml:AbstractDiscreteCoverageType">




<sequence>





<group ref="gml:StandardObjectProperties"/>





<element ref="gml:boundedBy" minOccurs="0"/>





<element ref="gml:referenceableGridDomain"/>





<element ref="gml:rangeSet"/>





<element ref="gml:coverageFunction" minOccurs="0"/>




</sequence>



</restriction>


</complexContent>

</complexType>

<complexType name="ReferenceableGridCoveragePropertyType">


<sequence>



<element ref="gml:ReferenceableGridCoverage"/>


</sequence>


<attributeGroup ref="gml:OwnershipAttributeGroup"/>

</complexType>
The coverage domain is described by a gml:referenceableGridDomain:


<element name="referenceableGridDomain" type="gml:ReferenceableGridDomainType" substitutionGroup="gml:domainSet"/>

<complexType name="ReferenceableGridDomainType">


<complexContent>



<restriction base="gml:DomainSetType">




<sequence minOccurs="0">





<element ref="gml:ReferenceableGrid"/>




</sequence>




<attributeGroup ref="gml:OwnershipAttributeGroup"/>




<attributeGroup ref="gml:AssociationAttributeGroup"/>



</restriction>


</complexContent>

</complexType>
Modify text in clause 20.3.15 to include gml:ReferenceableGridCoverage:
GML supports all of the discrete coverage types defined in ISO 19123.
The supported types are substitutable from gml:AbstractDiscreteCoverage and include:
— gml:MultiPointCoverage (CV_DiscretePointCoverage)

— gml:MultiCurveCoverage (CV_DiscreteCurveCoverage)

— gml:MultiSurfaceCoverage (CV_DiscreteSurfaceCoverage)

— gml:MultiSolidCoverage (CV_DiscreteSolidCoverage)

— gml:GriddedCoverage (CV_DiscreteGridPointCoverage)

— gml:RectifiedGridCoverage (CV_DiscreteGridPointCoverage)
— gml:ReferenceableGridCoverage (CV_DiscreteGridPointCoverage)

Extend conformance clause A.2.15.6 to include ReferenceableGridCoverage:

A.2.15.6 Grid Coverage

a) Test Purpose: Verify that a GML Profile satisfies the requirements of A.2.15.1 and includes

gml:GridCoverage and gml:RectifiedGridCoverage and gml:ReferenceableGridCoverage. Verify that all non-deprecated properties of the object elements are part of the profile with a maxOccurs value of at least "1".
Extend Table D.8 of clause D.2.11 to include ISO 19123 CV_ReferenceableGrid:
	GML construct
	ISO 19123 construct

	... 
	...

	ReferenceableGrid
	CV_ReferenceableGrid

	GridCoordinatesTable
	coordTransform (operation)

	GridCoverage

or

RectifiedGridCoverage

or

ReferenceableGridCoverage
	CV_DiscreteGridPointCoverage


Extend Figure D.40 to include ReferenceableGridCoverage subclass:
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