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Insert new clause 4.1.53 and re-number subsequent clauses:

4.1.53
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 19.2.4-19.2.6 for ReferenceableGrid, GridPointList, and GeneralGridAxis:
19.2.4 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 may instead be provided in a table, for instance, relating the grid points to coordinates in the external coordinate reference system [ISO 19123, §8.2.1]. The grid curves 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 7 shows an example of a referenceable grid.


[image: image1]
Figure 8 — ReferenceableGrid example
Two mechanisms are provided to specify the transformation between grid points and external coordinates – either listing the grid point locations explicitly as a sequence of direct positions in a defined sequence order (gml:GridPointList, 19.2.5), or specifying an origin and offset vectors with coefficients that may vary over the grid (gml:GeneralGridAxis, 19.2.6). The latter mechanism generalises that used for the RectifiedGrid (19.2.3), which requires offset vectors with implicit scalar (unit) coefficients.
In fact, a hierarchy of grid types may be represented using this mechanism (Figure 9). A RectifiedGrid corresponds to offset vectors with scalar (unit integer) coefficients; an irregular but rectilinear grid corresponds to real-valued coefficient vectors; while a completely irregular grid corresponds to coefficient arrays.

NOTE
The latter two cases are both examples of an ISO 19123 CV_ReferenceableGrid.

NOTE
The conceptual hierarchy of Figure 9 is not required by the model presented here, and is different to ISO 19123, where CV_RectifiedGrid is not regarded as a specialisation of CV_ReferenceableGrid. There may be merit in revisiting the relationship between these classes in any future revision of ISO 19123.
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Figure 9 — Hierarchy of grids with different offset vector coefficients (x and y range over the integer grid point indices)
The choice between coefficient vectors or arrays is determined by the property gml:gridAxesSpanned. This indicates the set of grid axes over which the coefficients are specified. For a coefficient vector, only one grid axis will be specified; for a coefficient array, multiple grid axes will be specified.

Any referenceable grid may be embedded within a space of dimension greater than, or equal to, its grid dimension. For example, a two-dimensional grid may be embedded within a three-dimensional volume – either by lying in an oblique plane (Figure 10), or by lying in a surface curved within three dimensions (Figure 11). The latter case is defined through specifying three offset vectors. In general the following relationship must hold:
(grid dimension) ≤ (number of offset vectors) ≤ (CRS dimension)


[image: image2]
Figure 10 — ReferenceableGrid embedded in oblique plane (two offset vectors)

[image: image3]
Figure 11 — ReferenceableGrid embedded in curved surface (three offset vectors)
The gml:ReferenceableGrid implements ISO 19123 CV_ReferenceableGrid (see D.2.11 and ISO 19123:2005, 8.10). It is defined as an extension to gml:Grid by adding a choice between either:

· listing grid point locations explicitly with the gml:gridPoints element, or

· specifying an origin (gml:origin) and series of general grid axes (gml:generalGridAxis)

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


<complexType name="ReferenceableGridType">


<annotation>



<documentation>An implementation of CV_ReferenceableGrid of ISO 19123.

A referenceable grid is used to express a non-affine relationship between grid coordinates and coordinates in a Coordinate Reference System.

A choice of two mechanisms is provided in order to specify this relationship:

1) Grid point positions may be given explicitly as a list of direct positions in a defined sequence order over the grid; or

2) An origin and a sequence of 'general grid axes' may be specified. A general grid axis consists of an offset vector and a list of coefficients. These coefficients may vary along one of the grid axes (a coefficient vector), or over multiple grid axes (a coefficient array). The grid axes over which the coefficients vary is indicated wth the 'gridAxesSpanned' property, and the order of the coefficients over those grid axes is indicated using the 'sequenceRule' property.

</documentation>


</annotation>


<complexContent>



<extension base="gml:GridType">




<choice>





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





<sequence>






<element name="origin" type="gml:PointPropertyType"/>






<element name="generalGridAxis" type="gml:GeneralGridAxisPropertyType" maxOccurs="unbounded"/>





</sequence>




</choice>



</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>

19.2.5 GridPointListType

The gml:GridPointListPropertyType specifies a list of direct grid point locations in a defined sequence order over the grid. It is defined as follows:


<complexType name="GridPointListType">


<sequence>



<group ref="gml:geometricPositionListGroup"/>



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


</sequence>

</complexType>


<element name="GridPointList" type="gml:GridPointListType"/>

<complexType name="GridPointListPropertyType">


<sequence>



<element ref="gml:GridPointList"/>


</sequence>

</complexType>
19.2.6 GeneralGridAxisType

The gml:generalGridAxis specifies an offset vector and coefficient list. The coefficients may vary over one or more of the grid axes – indicated with the attributes gml:gridAxesSpanned and gml:sequenceRule:


<complexType name="GeneralGridAxisType">


<sequence>



<element name="offsetVector" type="gml:VectorType"/>



<element name="coefficients" type="gml:doubleList"/>



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



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


</sequence>

</complexType>

<element name="GeneralGridAxis" type="gml:GeneralGridAxisType"/>

<complexType name="GeneralGridAxisPropertyType">


<sequence>



<element ref="gml:GeneralGridAxis"/>


</sequence>

</complexType>
EXAMPLE 2
The referenceable grid of Figure 12 requires coefficient vectors along each grid axis. It is represented as follows:
<ReferenceableGrid gml:id="ex2" srsName="urn:ogc:def:crs:EPSG:6.6:4326" dimension="2">

<limits>


<GridEnvelope>



<low>0 0</low>



<high>4 3</high>


</GridEnvelope>

</limits>

<axisLabels>x y</axisLabels>

<origin>


<gml:Point gml:id="o1">



<pos>8 2</pos>


</gml:Point>

</origin>

<generalGridAxis>


<GeneralGridAxis>



<offsetVector>2 1</offsetVector>



<coefficients>0 1 3 6 7</coefficients>



<gridAxesSpanned>x</gridAxesSpanned>



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


</GeneralGridAxis>

</generalGridAxis>

<generalGridAxis>


<GeneralGridAxis>



<offsetVector>-1 1</offsetVector>



<coefficients>0 1 4 6</coefficients>



<gridAxesSpanned>y</gridAxesSpanned>



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


</GeneralGridAxis>

</generalGridAxis>
</ReferenceableGrid>

[image: image4]
Figure 12 — ReferenceableGrid example
EXAMPLE 3
The referenceable grid of Figure 13 requires coefficient vectors across both axes of the grid. It is represented as follows:

<ReferenceableGrid gml:id="ex3" srsName="urn:ogc:def:crs:EPSG:6.6:4326" dimension="2">

<limits>


<GridEnvelope>



<low>0 0</low>



<high>4 3</high>


</GridEnvelope>

</limits>

<axisLabels>x y</axisLabels>

<origin>


<gml:Point gml:id="o1">



<pos>8 2</pos>


</gml:Point>

</origin>

<generalGridAxis>


<GeneralGridAxis>



<offsetVector>0.667 0.333</offsetVector>



<coefficients>



 0
3
8
12
18




 0
4
10
14
18




 -2
1
5
8
15




 0
1
5
9
13




 </coefficients>



<gridAxesSpanned>x y</gridAxesSpanned>



<sequenceRule axisOrder="+1 +2">Linear</sequenceRule>


</GeneralGridAxis>

</generalGridAxis>

<generalGridAxis>


<GeneralGridAxis>



<offsetVector>-0.667 0.667</offsetVector>



<coefficients>



0
0
2
3
3




3
4
4
5
6




7
7
8
8
9




9
8.5
9.5
9
10




</coefficients>



<gridAxesSpanned>x y</gridAxesSpanned>



<sequenceRule axisOrder="+1 +2">Linear</sequenceRule>


</GeneralGridAxis>

</generalGridAxis>
</ReferenceableGrid>

[image: image5]
Figure 13 — ReferenceableGrid example
EXAMPLE 4
The referenceable grid of Figure 13 could also be represented by specifying the grid point locations explicitly as follows:

<ReferenceableGrid gml:id="ex4" srsName="urn:ogc:def:crs:EPSG:6.6:4326" dimension="2">

<limits>


<GridEnvelope>



<low>0 0</low>



<high>4 3</high>


</GridEnvelope>

</limits>

<axisLabels>x y</axisLabels>

<gridPoints>


<GridPointList>



<posList>



8 2

10 3
12 6
14 8
18 10




6 4

8 6

12 8
14 10
16 12




2 4

4 7

6 9

8 10
12 13




2 6

3 6

5 10
8 11
10 13




</posList>



<sequenceRule axisOrder="+1 +2">Linear</sequenceRule>


</GridPointList>

</gridPoints>
</ReferenceableGrid>
Add new clause 19.3.22 for ReferenceableGridCoverage:

19.3.22 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 19.2.4.

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 19.3.15 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:

	ISO 19123 construct
	GML construct

	...
	... 

	CV_ReferenceableGrid
	ReferenceableGrid

	coordTransform (operation)
	GridPointList

and

GeneralGridAxis

	CV_DiscreteGridPointCoverage
	GridCoverage

or

RectifiedGridCoverage

or

ReferenceableGridCoverage


Extend Figure D.40 to include ReferenceableGridCoverage subclass:
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