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Scope

The scope of this document is to specify a conceptual map between a profile of the CF-netCDF data model, specifically introduced for this purpose, and the geo-information coverage model as specified by the ISO 19123 standard.

This mapping is essential to implement WCS server which supports CF-netCDF datasets. In fact, the main WCS objective is to provide access to standard geo-information coverages. While WCS specification is under revision, ISO 19123 specification was recently approved.
This mapping can be leveraged to conceive similar mappings for other Earth Sciences well-accepted data models, such as: HDF and OPeDAP.

Outline
NetCDF and its extension CF-netCDF data models will be briefly described. Then, the geo-information coverage data model, as defined by ISO 19123, will be introduced.

Due to the complexity of our scope, we decided to proceed step-by-step; thus, we started considering only coverages characterized by a regularly spaced domain, positioned using a geographic CRS. 

Therefore, the discrete grid point coverage model will be utilized as co-domain of our mapping. Actually, a profile of the general model for discrete grid point coverage will be introduced.
After that, a CF-netCDF profile will be specified in order to provide the lowest amount of required semantics to support the generation of geo-information coverages. 
Then, the mapping rules from the CF-netCDF profile to the discrete grid point coverage model profile will be specified. 
Finally, important issues will be discussed.
1. The netCDF data model

The following figure depicts the netCDF-3 data model.
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Fig. 1 – netCDF-3 data model

NetCDF-3 data model is simple and hence powerful. In fact, as far as semantics is concerned, it is based on very “general” concepts, such as: variable, dimension and attribute. Hence, any other data description element (i.e. metadata) may be captured using the generic “attribute” semantics.
2. Climate and Forecast Conventions: CF-netCDF data model

In order to introduce more specific semantic elements (i.e. metadata) which are required by different communities to fully describe their datasets, the netCDF data model was extended adding a set of conventions. One of the most popular convention is the Climate and Forecasting metadata convention (CF). The following figure depicts the CF-netCDF data model.

CF conventions are quite loose, to maximize backward compatibility with COARDS.

Besides, support to precise geo-location is scarce. For example, CF conventions assume that “Latitude, longitude, and time are defined by internationally recognized standards, and hence, identifying the coordinates of these types is sufficient to locate data values uniquely with respect to time and a point on the earth's surface.”

On the other hand, CF model is very flexible and, consequently, complex. The following diagram depicts CF conventions and their relationship with netCDF concepts, in UML.
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Fig. 2 – CF- netCDF data model

3. The Geo-Information Coverage model
A coverage is a feature that associates positions within a bounded space (its domain) to feature attribute values (its range). In other words, it is both a feature and a function. Examples include a raster image, a polygon overlay or a digital elevation matrix.. [ISO 19123].
The following Figure shows the coverage types introduced by ISO 19123.
As far as the general geo-information framework is concerned, Coverage is a feature type. 
ContinuousCoverage type is the subclass of Coverage that returns a distinct record of feature attribute values for any direct position within its domain. While, the domain of a DiscreteCoverage consists of a collection of geometric objects. DiscreteCoverages are subclassed on the basis of the type of geometric object in the spatial domain.
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Fig.3 Coverage types
DiscretePointCoverage type is characterized by a finite domain consisting of points. Generally, the domain is a set of irregularly distributed points; the principal use of discrete point coverages is to provide a basis for continuous coverage functions. Indeed, DiscretePointCoverage occurrences could be used to implement multi-point coverage domains.
The domain of a DiscreteGridPointCoverage occurrency is a set of GridPoints that are associated with records of feature attribute values through a GridValuesMatrix element.

Certainly, DiscreteGridPointCoverage occurrences must be used to implement gridded-based coverage domains -either regularly or quasi-regularly spaced ones.

The following Figure depicts the DiscreteGridPointCoverage model.
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Fig.4 - Discrete Grid Point Coverage model

Referring to ISO 19123 elements specification:
domainExtent
The attribute domainExtent shall contain the extent of the domain of the coverage. The data type EX_Extent is defined in ISO 19108:2003. Extents may be specified in space, time or space-time.
rangeType

The attribute rangeType shall describe the range of the coverage. The data type RecordType is defined in ISO/TS 19103. It consists of a list of attribute name/data type pairs. A simple list is the most common form of rangeType, but RecordType can be used recursively to describe more complex structures.

commonPointRule
The attribute commonPointRule shall identify the procedure to be used for evaluating the Coverage at a position that falls either on a boundary between geometric objects or within the boundaries of two or more overlapping geometric objects.
Coordinate Reference System

The association Coordinate Reference System shall link the Coverage to the coordinate reference system to which the objects in its domain are referenced. The class SC_CRS is specified in ISO 19111:2003. The multiplicity of the CRS role in the Coordinate Reference System association is one, so a coverage with the same range but with its domain defined in a different coordinate reference system is a different coverage.
CoverageFunction
The association CoverageFunction shall link the discrete Coverage to the set of GeometryValuePairs included in the coverage. The association CoverageFunction is shown as derived because the elements may be generated from the GridValuesMatrix through the association PointFunction.
PointFunction

The association PointFunction shall link the DiscreteGridPointCoverage to the GridValuesMatrix for which it is an evaluator. The range of a Coverage shall be a homogeneous collection of records. That is, the range shall have a constant dimension over the entire domain, and each field of the record shall provide a value of the same attribute type over the entire domain.

GridPointValuePair

The class GridPointValuePair describes an element of a set that defines the relationships of a discrete grid point coverage. In fact, the domain of a DiscreteGridPointCoverage is a set of GridPoints that are associated with records of feature attribute values through a GridValuesMatrix. GridPointValuePair is composed of a GridPoint geometry and a feature attribute value Record.
point

The attribute point shall be the geometry member of the GridPointValuePair. 

value

The attribute value shall be the member of the GridPointValuePair taken from the sequence values in the GridValuesMatrix.

GridValueMatrix

GridValuesMatrix is a subclass of Grid that ties feature attribute values to grid geometry. It has three attributes: values, sequencingRule and startSequence. It holds a sequence of records associated with a sequencing rule that specifies an algorithm for assigning records of feature attribute values to grid points. An instance of the GridValuesMatrix may be, at the same time, an instance of either a generic Grid or one of its subclasses: RectifiedGrid and ReferenceableGrid.
values
The attribute values shall be a sequence of N feature attribute value records where N is the number of grid points within the section of the grid specified by extent.
sequencingRule
The attribute sequencingRule shall describe how the grid points are ordered for association to the elements of the sequence values.
startSequence
The attribute startSequence shall identify the grid point to be associated with the first record in the values sequence.
SequenceRule

SequenceRule is a data type that contains information for mapping grid coordinates to a position within the sequence of records of feature attribute values.
type

The attribute type shall identify the type of sequencing method that shall be used. The default value shall be “linear”.
scanDirection

The attribute scanDirection shall be a list of signed axisNames that indicates the order in which grid points shall be mapped to position within the sequence of records of feature attribute values. An additional element may be included in the list to allow for interleaving of feature attribute values. . See Annex D of ISO 19123.
SequenceType

SequenceType is a code list that identifies methods for sequential enumeration of the grid points. See Annex D of ISO 19123.
Record and RecordType

A Record is a structure of logically related elements, and may be used as an implementation representation for features, by keeping a list of (name, value) pairs in a dictionary. This represents a generic storage structure for features.
A dictionary is similar to an array, except that the lookup index for an array is expressed in integer numbers.

The following Figure shows the Grid model.

[image: image5.wmf]<<

DataType

>>

CV_GridCell

<<

DataType

>>

CV_GridCoordinates

+

coordValues

:

Sequence<Integer>

<<

DataType

>>

CV_GridEnvelope

+

low

:

CV_GridCoordinates

+

high

:

CV_GridCoordinates

CV_Footprint

+

geometry

:

GML_Object

<<

Type

>>

GM_Point

<<

DataType

>>

CV_GridPoint

+

gridCoord

:

CV_GridCoordinates

<<

Type

>>

CV_Grid

+

dimension

:

int

+

axisNames

:

Sequence<CharacterString>

+

extent

:

CV_GridEnvelope

GridModel

framework

+

intersection

+

1..*

Organization

gridPoint

+

0..1

groundPoint

+

0..1

Reference

center

+

1

footprint

+

*

SampleSpace

framework

+

cell

+

1..*

EvaluationStructure

cell

+

1..*

corner

+

4..*

Location


Fig. 5 - Grid geometry model

The class Grid contains the geometric characteristics of a quadrilateral grid. 
dimension

The attribute dimension shall identify the dimensionality of the grid. 

axisNames
The attribute axisNames shall list the names of the grid axes.
extent
The optional attribute extent GridEnvelope shall specify the limits of a section of the grid.

Organization

The association Organization shall link the Grid to the set of GridPoints that are located at the intersections of the grid lines.

Grid has three subclasses, which lie in two partitions. The following Figure depicts the Grid subclasses. The Positioning partition includes RectifiedGrid and ReferenceableGrid, which contain information that relates the grid coordinates to an external coordinate reference system. The Valuation partition includes GridValuesMatrix, which contains information for assigning values from the range to each of the grid points. 
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Fig.6 - Grid types

Grid is not an abstract class: an instance of Grid need not be an instance of any of its subclasses. The partitions indicate that an instance of the subclass GridValuesMatrix may be, at the same time, an instance of either the subclass RectifiedGrid or of the subclass ReferenceableGrid.
GridEnvelope

GridEnvelope is a data type that provides the grid coordinate values for the diametrically opposed corners of the Grid. It has two attributes, low and high.
GridPoint
GridPoint is the class that represents the intersections of the grid lines.
GridCoordinate

GridCoordinate is a data type for holding the grid coordinates of a GridPoint.
GridCell
A GridCell is delineated by the grid lines of Grid. Its corners are associated with the GridPoints at the intersections of the grid lines that bound it.
Footprint
A Footprint is the sample space of a grid in an external coordinate reference system.

RectifiedGrid

A rectified grid shall be defined by an origin in an external coordinate reference system, and a set of offset vectors that specify the direction and distance between the grid lines within that external coordinate reference system. The class RectifiedGrid contains the additional geometric characteristics of a rectified grid.

4. Discrete grid point coverage profile

Referring to the previous schemas, it is noticeably that there exists several possible solutions to describe and formalize discrete grid point coverage domains:
1) Implementing a Grid object and its related GridPointValuePair objects (see Fig. 4): useful to model either regularly or quasi-regularly spaced domains.
2) Implementing a Grid object (see Fig. 4), its associated GridPoint objects (see Fig. 5) and its valuation GridValueMatrix object: useful to model either regularly or quasi-regularly spaced domains.

3) Implementing a RectifiedGrid object (see Fig. 6) and its valuation GridValueMatrix object: useful to model only regularly spaced domains.
We decided to model only regularly spaced domains, following the third solution. Therefore, a specific DiscreteGridPointCoverage profile was conceived. The profile model is shown in the following Figure.
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Fig. 7 – Discrete grid point coverage profile model

5. The CF-netCDF profile for generating coverages

In order to generate coverages from CF-netCDF datasets, it is important to recognize the minimum set of metadata elements which are mandatory to enable the mapping process. Thus, a profile of the CF-netCDF model is introduced. The following Figure shows the coverage profile of the CF-netCDF data model. The schema depicts the concepts that are considered in the profile. 
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Fig. 8 - CF-netCDF profile data model

The simplification rationale is briefly described, reporting the CF conventions features which are not considered in the present profile:

· GridMappingVariable and grid_mapping attribute – used to accommodate dataset that are geolocated through Projected CRS. The feature has been left to future steps;

· ClimatologyVariable and ClimatologicalTimeCoordinate – used to express time intervals and support climatological statistics. The features have been left to future steps;

· BoundaryVariable, bounds, cell_measures and cell_methods attributes – used to express data representatives of cells/region instead of point values. The features have been left to future steps;

· AuxiliaryCoordinateVariable and coordinates attribute – used to accommodate slanted/compressed grids or non-numeric coordinate axis. The features have been left to future steps;

· ScalarCoordinateVariable and compress attribute – used for performance optimization. The features may be skipped, without loss of generality for the mapping, being strictly related to encoding;

· Scale_factor and add_offset attributes – used for data packing. The features may be skipped, without loss of generality for the mapping, being strictly related to encoding.

6. Mapping rules
This paragraph specifies the mapping from the CF-netCDF profile model to the DiscreteGridPointCoverage profile model. The following Figure depicts a first high-level concepts mapping. 
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Comments:
· a CF-netCDF dataset may originate more than one DiscreteGridPointCoverage, since it may contain (groups of) variables with different shapes (e.g. lat-lon, lat-lon-time, lat-lon-depth, etc.);
· only spatial and temporal coordinates becomes part of the coverage domain, whereas other dimensions are mapped to compound range sets;

· in general, variables are mapped to range set components.

· TBC
A detailed and formalized description of the mapping is provided by means of the following assertions and rules:
---Formal mapping description---
7. Dimensions order issue

Consider the slides presented in Bonn; they were uploaded in the GALEON website (03-08-2006): 
http://galeon-wcs.jot.com/WikiHome/Materials+for+March+2006+TC+Meeting/WCS-netCDF+profile_1.ppt 
8. Open issues and future work
To extend the profile and model projected domains.

To extend the profile and model quasi-regularly spaced domains.
To extend the profile and model multi-point domains.
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