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Specification of physical quantity types and units of measurement in the WMO Codes Registry
Requirement
The WMO Codes Registry provides web-based publication of the authoritative vocabulary referenced from AvXML. Two central parts of this vocabulary are:
1. units of measurement (e.g. Celsius); and

2. physical quantity types (e.g. air temperature).

Within WMO No. 306 Manual on Codes Vol I.2 the former are within as Common code-table C-6, whilst the latter are provided within a new experimental addition – Common code-table C-15.

Definitions of units of measurement and physical quantity types are not specific to WMO. In an attempt to both reduce the maintenance burden and increase interoperability, existing and well known definitions of units of measurement and physical quantity types are re-used.

Given that the registry software is designed to around use of RDF to describe the information within the registry, definitions specified in RDF are preferred.

Additionally, given the close relationship between units of measurement and physical quantity type definitions, it is deemed advantageous if the definitions cited within the WMO Codes Registry are compatible and interrelated.
Finally, note that the GML specification, and by association AvXML, recommends use of the symbols from the Unified Code for the Units of Measurement (UCUM) to specify the unit of measurement in instances of GML Measure class.
Proposal
Introducing QUDT

(source: http://www.qudt.org/)

The Quantities, Units, Dimensions and Data Types Ontologies – or known more conveniently as the QUDT Ontologies are developed and actively maintained by TopQuadrant and NASA. Originally, they were developed for the NASA Exploration Initiatives Ontology Models (NExIOM) project, a Constellation Program initiative at the AMES Research Centre (ARC).
The current release of the QUDT ontologies is version 1.1 and may be downloaded from the QUDT Catalog, which can also be accessed from LinkedModel.org. Release 2 of QUDT will be published incrementally during 2013.
QUDT is licensed under a Creative Commons Attribution-Share Alike 3.0 United States License.

The goal of QUDT is to provide a consistent vocabulary, focused on nomenclature used in science and engineering that consists of: standardized terminology, definitions, identifiers, and information models. 

QUDT is more than a list of quantities, units, dimensions, data types, enumerations, and structures. In order to provide for interoperability and data exchange between information systems, the specification is provided in a machine processable form, with no ambiguities.
QUDT semantics are based on dimensional analysis expressed in the OWL Web Ontology Language (OWL) and Resource Description Framework (RDF). The dimensional approach relates each unit of measure to a system of base units using numeric factors and a vector of exponents defined over a set of fundamental dimensions. In this way, the role of each base unit in the derived unit is precisely defined. A further relationship establishes the semantics of units and quantity kinds. By this means, QUDT supports reasoning over quantities as well as units.
The main class structure of QUDT is illustrated in Figure 1.
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Figure 1: Main class structure of QUDT

Definitions of the key concepts are provided below. QUDT also includes terminology for expressing systems of quantities and units and dimensions. Please refer to the QUDT documentation for further details.
Figure 2 illustrates the relationships between these key concepts.
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Figure 2: relationships between key concepts within QUDT

Quantity

An observable property of an object, event or system that can be measured and quantified numerically. A quantity is differentiated by the attributes kind and magnitude.

Quantity kind

Any observable property that can be measured and quantified numerically. Familiar examples include physical properties such as length, mass, time, force, energy, power, electric charge, etc. 

Unit of measure
A particular quantity of a given kind that has been chosen as a scale for measuring other quantities of the same kind.
Quantity value
Expresses the numerical value of a quantity with respect to a chosen unit of measure.

Application within the WMO Codes Registry

The following factors make QUDT the preferred choice for use within the WMO Codes Registry:
1. QUDT is considered the de facto standard resource for describing both units of measurement and physical quantity types within the semantic web community;

2. QUDT represents a tremendous body of work that can be leveraged to support WMO’s goals and is under active maintenance;

3. QUDT is expressed as RDF/OWL – the required meta-model for the registry software ; and

4. each of the resources defined within QUDT are assigned a HTTP URI identifier – allowing those resources to be unambiguously referenced from the WMO Codes Registry.
Common code-table C-6 shall, where possible, refer to definitions of unit of measure from QUDT.
Common code-table C-15 shall, where possible, refer to definitions of quantity kind from QUDT.
Note that because the registry software maintains a local copy of the information properties for each registered entity (as deemed appropriate by the register manager), there is no reliance on the ongoing persistence of the QUDT website (http://www.qudt.org/) nor the information published therein.

Currently, definitions and information models from QUDT1.1 are referenced. Assessment of the value to be gained from migrating to the use of QUDT2 shall be undertaken and reported to IPET-DRMM and IPET-MDRD.

Expressing units of measurement in Common code-table C-6
Figure 3 illustrates an example unit of measure registered within the WMO Codes Registry: Celsius.
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Figure 3: example unit of measure from register http://codes.wmo.int/common/c-6 
The notation used when registering the unit of measure is the code-value from the Common code-table C-6; thus Celsius is specified as 060.

The main points of note are:
1. a label – the default human readable label for the unit of measure;

2. a detailed textual description – in this case sourced from dbpedia;
3. references to alternative identifiers that refer to the unit of measure Celsius (skos:exactMatch) – from dbpedia (http://dbpedia.org/resource/Celsius) and OGC (http://opengis.net/def/uom/UCUM/0/Cel);
4. conversion offset and multiplier – providing standard values for converting between units of a similar type;

5. the standard abbreviation used for the unit of measure in QUDT;

6. the standard abbreviations used in WMO Common code-table C-6;

7. the standard symbol specified in the Unified Code for the Units of Measurement (UCUM) for the unit of measure; and

8. a reference (qudt:quantityKind) to ThermodynamicTemperature – the generalised physical quantity that is defined in QUDT as the root of all thermodynamic temperature quantity kinds.

Expressing physical quantity types in Common code-table C-15

Figure 4 illustrates an example physical quantity type registered within the WMO Codes Registry: dew-point temperature.
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Figure 4: example physical quantity type from register http://codes.wmo.int/common/c-15 

It is important to note that QUDT does not provide the complete set of quantity kind definitions that we require to support the WMO context. In this case a specific dew-point temperature quantity kind is specified. The relationship to the more general ThermodynamicTemperature defined within QUDT is explicitly provided (qudt:generalization).

A human readable HTTP URI is provided for dew-point temperature and other physical quantities (e.g. http://codes.wmo.int/common/c-15/me/dewPointTemperature). As Common code-table C-15 is new (currently marked as experimental) we are not constrained to use the numerical codes from existing tables.
In addition to the generalization property, the three minimum mandatory properties are also supplied: label, description and type. 

Physical quantity descriptions are sourced from existing materials; Doc(7) identifies sources of definitions. 
Usage of physical quantity types within the WMO Codes Registry
Within the registry, the Register Item provides metadata about how an Entity is used in the context of a specific Register. In the WMO Codes Registry, the Register Item represents the code rather than the concept represented by that code.

For example, in FM 94 BUFR (edition 4) table B, the concept “dew-point temperature” is referenced three times – each with different units of measurement and precision implied by the combination of ‘data-width’, ‘reference value’ and ‘scale’.

In the WMO Codes Registry, the concept “dew-point temperature” is identified as:

http://codes.wmo.int/common/c-15/me/dewPointTemperature 

The concept “dew-point temperature” is referenced three times within FM 94 BUFR (edition 4) table B, class 12 “Temperature”. Thus the dew-point temperature entity is registered three times within register http://codes.wmo.int/bufr4/b/12: 003, 024 and 103. 
The specific codes, noting the underscore “_” syntax designating them as Register Items, are identified as:

http://codes.wmo.int/bufr4/b/12/_003  

http://codes.wmo.int/bufr4/b/12/_024 

http://codes.wmo.int/bufr4/b/12/_103 
Each of these Register Items are configured with details about how the concept “dew-point temperature” is used in each context; e.g. the specific encoding information associated with each code. That is:

· BUFR_DataWidth_Bits

· BUFR_ReferenceValue

· BUFR_Scale

· BUFR_Unit

Figure 5 illustrates provides a screen shot of the metadata provided for register item http://codes.wmo.int/bufr/b/12/_003. Note that the entity URI refers to the dew-point temperature concept from Common code-table C-15.
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Figure 5: register item metadata indicating BUFR encoding details

Expressing the relationship between quantity types and units of measurement

The QUDT information model expresses the relationship between unit of measure and quantity type in the direction from unit to quantity type (property qudt:quantityKind). The typical usage within the AvXML context requires the determination of appropriate unit(s) of measurement for a given quantity type – the opposite direction to the relationship above. The problem is further compounded in that QUDT often defines the relationship between unit of measurement and quantity kind at an abstract, generalised level rather than for each and every quantity kind. Whilst this simplifies maintenance of the ontology, it means that one must potentially reason over chains of generalised properties to find the relationship to appropriate units of measurement.
In an effort to simplify verification of the use of appropriate units for a given measurement, physical quantity types from register http://codes.wmo.int/common/c-15 will be amended to provide a direct relationship to the unit(s) of measurement appropriate for that physical quantity. 

The property qudt:unit is used to relate a quantity value to the associated unit of measurement. Our requirement is to express the relationship between a quantity type and the pertinent units of measurement that may be used for quantity values of that type. The semantics of property qudt:unit are deemed sufficiently close to support our requirement. 
Presentation of a simple user interface
The default view of an entity provided by the registry is a list of the properties defined for that entity. In the case of units of measurement and physical quantity types, this leads to exposure of properties such as qudt:generalization.

The inclusion of technical properties will lead to confusion in our user-base. 

Rather than simply excluding these technical properties, a “template” view can be constructed that provides a tailored rendering for a type of entity.

The registry Templates are defined as Java Velocity Templates and registered in register http://codes.wmo.int/system/typed-templates. 
Figure 6 illustrates the use of a Template in the “sandbox” registry provided by UKGovLD at http://ukgovld-registry.dnsalias.net/. In this case, the Template is for an entity of type “URI Set”. Only those properties deemed relevant are included in the template. The full set of properties can still be accessed via the Properties tab. 
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Figure 6: illustration of Template rendering within the registry

 Templates will be registered for the WMO Codes Registry for units of measurement and physical quantity types. 
Guidance is requested from TT-AvXML regarding the properties to include within the Templates.

Recommended Text 

The WMO Codes Registry employs the data model and, where available, definitions from QUDT to provide terms for registers http://codes.wmo.int/common/c-6 and http://codes.wmo.int/common/c-15. The QUDT data model is supplemented to provide unit of measurement symbols from WMO Common code-table C-6 and the Unified Code for the Units of Measurement (UCUM). The latter provides the information required in order to specify the “uom” XML attribute (unit of measure) within GML measurement instances. 
Physical quantity types from register http://codes.wmo.int/common/c-15 will be amended to provide a direct relationship to the unit(s) of measurement appropriate for that physical quantity.

Assessment of the value to be gained from migrating to the use of QUDT2 shall be undertaken and reported to IPET-DRMM and IPET-MDRD.

Templates will be added to the WMO Codes Registry to simplify the presentation of units of measurement and physical quantity types – masking the technical jargon employed by QUDT.

--------------------
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