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Insert new Subclauses 7.3 and 7.4 as follows:
7.3
Use of GSM_ObjectImageTransformation and associated classes
NOTE 1
This subclause provides additional information about the use of the GSM_ObjectImageTransformation and associated classes shown in Figure 3. This additional information paraphrases and interprets material in ISO 19111 and OGC Topic 2.
The new GSM_ObjectImageTransformation class shown in Figure 3 records versions of object-to-image coordinate transformations with the sensor mathematical models used by these transformations. Each GSM_ObjectImageTransformation object has one “method” association to a CC_OperationMethod object, by inheritance of this association through the CC_SingleOperation and CC_Transformation classes.

NOTE 2
The words “from” and “to” are used to describe associations that are navigable from or to the named object type. Associations are here described in text as being between objects, although UML diagrams show these associations between classes.

A CC_OperationMethod object defines the operation method to be used as the image geometry (or sensor) model by that GSM_ObjectImageTransformation object. Each GSM_ObjectImageTransformation object provides values for all the variable parameters used by that operation method (or image geometry model). These values are included in the GIG_ImageParameterValues, GSC_SensorParameterValues, and TBD objects that are “parameterValue” associated from that GSM_ObjectImageTransformation object.
EDITORS NOTE

TBD is the acronym for To Be Determined, and TBR is the acronym for To Be Reviewed. These TBDs and TBRs are included where an additional class is expected to be specified for parameter values that are constant for a strip of images collected sequentially by the same camera on a moving platform.

Similarly, a CC_OperationParameterGroup object is the one “group” associated from each GIG_ImageParameterValues, GSC_SensorParameterValues, or TBD object, by inheritance through the CC_ParameterValueGroup class. Each CC_OperationParameterGroup object identifies all the individual variable parameters whose values are provided in that GIG_ImageParameterValues, GSC_SensorParameterValues, or TBD object. Each of those three objects provides values for the individual variable parameters identified in that group, always providing a value for each required parameter, and providing a value for each optional parameter when that value differs from the default value.
Each CC_OperationMethod object has “parameter” associations to (zero or more) CC_OperationParameterGroup objects that identify all the groups of variable parameters used by that operation method. For each CC_OperationMethod object used by a GSM_ObjectImageTransformation object, there will be either two or three (TBR) associations to CC_OperationParameterGroup objects, one “group” associated from the corresponding GIG_ImageParameterValues, GSC_SensorParameterValues, or TBD (optional) objects.
Each CC_OperationMethod object also has a “formulaReference” attribute with type CC_Formula, that either contains or references the formula(s) or procedure used by this CC_OperationMethod. In ISO 19111 and OGC Topic 2, that formula(s) or procedure is assumed to be completely specified. However, when used in this GML Application Schema, some exceptions to complete specification are allowed, as discussed in Subclause D.2.
7.4
Use of igm:ObjectImageTransformation and associated elements
NOTE 1
This subclause translates Subclause 7.3 to provide the same additional information about the use of the igm:ObjectImageTransformation and associated XML elements. 

The igm:ObjectImageTransformation element records versions of object-to-image coordinate transformations with the sensor mathematical models used by these transformations. Each igm:ObjectImageTransformation object has one “method” association to a gml:OperationMethod element, by inheritance of this association through the gml:SingleOperation and gml:Transformation data types.

NOTE 2
The words “from” and “to” are used to describe associations that are navigable from or to the named element.

A gml:OperationMethod element defines the operation method to be used as the image geometry (or sensor) model by that igm:ObjectImageTransformation element. Each igm:ObjectImageTransformation element provides values for all the variable parameters used by that operation method (or image geometry model). These values are included in the igm:ImageParameterValues, igm:SensorParameterValues, and igm:TBD (optional) elements that are “parameterValue” associated from that igm:ObjectImageTransformation element.

Similarly, a gml:OperationParameterGroup element is the one “group” associated from each igm:ImageParameterValues, igm:SensorParameterValues, or igm:TBD element, by inheritance through the gml:ParameterValueGroup data type. Each gml:OperationParameterGroup element identifies all the individual variable parameters whose values are provided in these igm:ImageParameterValues, igm:SensorParameterValues, or igm:TBD elements. Each of those three elements provides values for the individual variable parameters identified in that group, always providing a value for each required parameter, and providing a value for each optional parameter when that value differs from any default value.
Each gml:OperationMethod element has “parameter” associations to (zero or more) gml:OperationParameterGroup elements that identify all the groups of variable parameters used by that operation method. For each gml:OperationMethod element used by a igm:ObjectImageTransformation element, there will be either two or three (TBR) associations to gml:OperationParameterGroup elements, one “group” associated from the corresponding igm:ImageParameterValues, igm:SensorParameterValues, or igm:TBD (optional) element.

Each gml:OperationMethod element also has a “formulaReference” element, that either contains or references the formula(s) or procedure used by this gml:OperationMethod. In ISO 19111 and OGC Topic 2, this formula(s) or procedure is assumed to be completely specified. However, when used in this GML Application Schema, some exceptions to complete specification are allowed, as discussed in Subclause D.2.

NOTE 3
The “formulaReference” UML attribute is not directly encoded in GML 3.2.1, which encodes either a “formula” element with CodeType that contains the formula(s) or procedure used, or encodes a “formulaCitation” that references the formula(s) or procedure used.
In this GML Application Schema, some UML associations are limited to remote references, some are limited to inline encoding, and some can be either. The UML associations limited to remote references include:

a) gml:OperationMethod element one “method” associated from each igm:ObjectImageTransformation element

b) gml:OperationParameterGroup element one “group” associated from each igm:ImageParameterValues, igm:SensorParameterValues, and igm:TBD element

c) igm:ObjectImageTransformation element associations to the igm:ImageParameterValues, igm:SensorParameterValues, and igm:TBD (optional) elements
The UML associations that can be inline encoded or encoded as remote references include:

d) gml:OperationMethod element “parameter” associations to two or three gml:OperationParameterGroup elements
Insert new Subclause D.2 as follows:
D.2
Use of gml:OperationMethod and associated elements

NOTE 1
Subclause 7.4  provides additional information about the use of the gml:OperationMethod and associated XML elements. In that subclause, as in ISO 19111 and OGC Topic 2, the OperationMethod formula(s) or procedure is assumed to be completely specified.

However, when used in this GML Application Schema, some exceptions are allowed to complete specification of the gml:OperationMethod formula(s) or procedure. For example, the OperationMethod formula(s) or procedure might not be completely or uniquely specified. For example, there may be several alternative formulations for the same OperationMethod that are all considered equally valid. Furthermore, some or all of those alternative formulations may be proprietary, classified, or otherwise restricted from access by all or most IGM data receivers. However, each IGM data receiver which needs such a formulation must have access to at least one of those alternative formulations, and must encode that known formulation within its software.
In such cases, the OperationMethod does not need to include any actual formula(s) or procedure in the gml:formula element, provided that its gml:identifier element has a value that uniquely identifies the set of alternative formulations. The gml:formula may describe, or the gml:formulaCitation may reference a description of, this set of alternative formulations.

This GML Application Schema requires that all definitions of referenced CC_OperationMethod, CC_OperationParameterGroup, and CC_OperationParameter objects be XML encoded using the gml:OperationMethod, gml:OperationParameterGroup, and gml:OperationParameter elements. However, all these elements are normally referenced remotely, so these definitions are not always required to be encoded using XML.

Like XML encoding of CRS references as specified in Subclause 10.3 of OWS Common 1.1 [OGC 06-121r3], remote references to the CC_OperationMethod, CC_OperationParameterGroup, CC_OperationParameter, and other objects may be encoded in XML using the anyURI data type. The URI value may be either a URL or a URN in the “ogc” URN namespace.
e) References to definitions using URLs may be used, and often should be used, to reference a definition that is known to be always available using this URL. When not in the same GML and XML document, these definitions shall be electronically available over the Internet using this URL, to both client and server software, including multiple clients and multiple servers that must interoperate. In this case, the definition must be encoded in GML 3.2.1.
f) References to definitions using URNs in the “ogc” URN namespace shall use the formats specified in the OGC Best Practices Paper [OGC 07-092r1]. These URN formats shall be used whenever the referenced definition is not, or may not be, available using a URL. This URN shall reference data that is specified by some “authority” and is “well-known” to both client and server software, including multiple clients and multiple servers. Such URNs can be defined for definitions without any XML encoding being readily available. As long as a URN is defined for a known definition, it can be used to refer to that definition. When a referenced definition must be used by software that receives such a reference, either the definition must be electronically available to that software, or the software must encode the known definition.
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