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1.
Conceptual modelling – Domain Reference model in the ISO 191xx series (extracts from ET-ADRS-1/ Doc. 4.1(2) (see http://www.wmo.int/pages/prog/www/WDM/ET-ADRS-1/doc4-1_iso191xx.doc)

1.1. Conceptual modelling is critically important to the definition of the ISO 191xx series.  The approach to conceptual modelling in the ISO 191xx series is based on the principles described in the Conceptual Schema Modelling Facilities (CSMF). The ISO CSMF includes four model levels: Meta-meta model, Meta model, Application model and data. The Unified Modelling Language (UML) is the basis for the conceptual schema language (ISO 19103) used within the ISO 191XX series.
1.2. A fundamental concept of geographic data is the feature, being defined as an abstraction of real world phenomena (see Figure 1). The General feature model (GFM) (ISO 19109) is a meta-model for developing conceptual models of feature types, feature attributes, feature associations and feature operations. It serves as a meta-model for feature catalogues (ISO 19110) (see Figure 2) containing the definition and descriptions of the feature types, feature attributes, and feature associations occurring in one or more sets of geographic data, together with any feature operations that may be applied.
1.3. ISO 19126 specifies a schema for geographic feature concept dictionaries managed as registers. A feature concept dictionary provides basic definitions and related information about a set of concepts that may be used to describe geographic features and shared across multiple application areas. Elements from a feature concept dictionary may be re-used in one or more feature catalogues. A feature catalogue is often associated with a particular application schema, product specification, and data set. ISO 19126 does not specify schemas for feature catalogues or for the management of feature catalogues as registers. However, because feature catalogue are often derived from feature concept dictionaries, ISO 19126 does specify a schema for a hierarchical register of feature concept dictionaries and feature catalogues. Feature concept dictionaries and feature catalogues maintained as registers may serve as sources of reference for similar registers established by other geographic information communities as part of a system of cross-referencing. Cross-referencing between respective items in registers of items of geographic information may be difficult in cases where the structure of registers differs between information communities. ISO 19126 may serve as a guide for different information communities to develop compatible registers that can support a system of geographic information cross‑referencing. 
1.4. The application schema (ISO 19109) provides the formal description of the data structure and content of the dataset. The information model may be broken down into independent parts that can be integrated by a defined interface. The application schema is one part; other standardized schemas (e.g. ISO 19107, 19108, 19111, 19112 for spatial and temporal schemas) are other parts. 
1.5. Metadata are defined as data about data. At the application model level, ISO 19115 provides a structure for describing the data, and defines the metadata element definitions (or types of metadata elements) for the metadata in a metadata dataset. A metadata dataset, in turn, describes the administration, organization, and content of a dataset at the data level. The metadata dataset provides necessary information in order to facilitate the data discovery, retrieval ant reuse.  Figure 3 shows the relationship between features, metadata and data within the ISO CSMF. ISO 19139 provides a rule-based encoding for carrying out ISO 19115. ISO 19139 defines Extensible Mark-up Language (XML) schemas, which provide a common specification for describing, validating and exchanging metadata. 

1.6. A data product specification (ISO 19131) (see Figure 4) is a detailed description of a dataset or data set series together with additional information that will enable it to be created, supplied to and used by another party. The data product specification defines how the dataset should be. The metadata, associated to the product dataset, should reflect how the product dataset actually is.
Figure 1 – The process from universe of discourse to geographic data
Figure 2 - From reality to geographic data
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Figure 3 - Relationship between features, metadata and data within the ISO CSMF
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Figure 4 - Relationship of data product specification to data and metadata
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2.
Facilitating the conversion between Data Representation Systems (DRS)
2.1 In this document, a Data Representation System (DRS) is viewed as a set of rules, regulations, standards, procedures or conventions to be used to represent a data product for interchange. A data product is considered as a dataset or dataset series that conforms to a data product specification.
2.2 The conceptual modelling defined in the ISO 19100 series provides a framework for the implementation of decoders and encoders by decoding a data product presented in a DRS into a reference dataset format, e.g. a dataset format derived directly from the model, and by encoding the reference dataset into data products presented in any other DRS (see Figure 5). The reference dataset is defined by the implementer of the database application. In the case of the three-level Modelling of WMO data products based on BUFR/CREX tables (see http://www.wmo.int/pages/prog/www/ISS/Meetings/IPET-DRC_Geneva2009/Documents/ModelFromBUFR_V4.doc), the tree of the tables derived directly from the model in accordance with the model documentation is a possible example of reference dataset format in a database application. The encoding rules used to present the data products for their interchange in a DRS and the decoding rules used to import a data product received are defined by the model documentation and the reference documentation specific to the DRS. 
2.3 When considering a requirement to ensure the conversion between n DRS in a database application, n decoders and n encoders as defined in above paragraph 2.2 should be developed for the database application. This number (2n) of decoders or encoders in the model approach is to be compared to the number of the converters (permutations P(n,2)) needed in a systematic conversion between pairs of DRS.
3.
Facilitating the transformation of data products instances of different models

3.1 In different domains, different approaches may be used to represent the universe of discourse, leading to different models for the same set of data products. The transformation of data products instances of a model into data products instances of another model is facilitated by mapping the models. For example, in the case of the information included in a METAR, aeronautical users may define a model B embedded in a more general model defined for aeronautical purposes and this model may be different from the WMO model A defined for weather, climate and water data products. The data product instance of the model A made available to the aeronautical user should be transformed in a data product instance of the model A. This transformation can be facilitated by mapping the feature catalogues and the application schemas of the models A and B (see figure 6).

3.2 When data products instances of several models (e.g. METAR, TAF) have to transformed, the mapping between models, and then the transformations of the data products, will be further facilitated when the models are instances of a meta-model. In the case of the three-level Modelling of WMO data products based on BUFR/CREX tables (see http://www.wmo.int/pages/prog/www/ISS/Meetings/IPET-DRC_Geneva2009/Documents/ModelFromBUFR_V4.doc), the basic reference documentation of each model includes a table instance of the meta-model of the table of the tables of the tree, and a table instance of the meta-model of the tables of the tree; the  standardisation of the form of presentation of these tables facilitates the importation and the use of these tables in the processes required for the transformation of data products.
      .  

Figure 5 – Facilitating the conversion between Data Representation Systems (DRS)
Figure 6 – Facilitating the transformation of datasets instances of different models
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