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Introduction.

Current WMO BUFR decoders do NOT fully decode BUFR bulletins. 

As such BUFR Bulletins and BUFR decodes cannot automatically be transformed into an ISO/OGC type of XML because there are structures in the BUFR which no current decoder seems to resolve. It follows that all users of BUFR decodes must be appling external knowledge to extract elements of a BUFR bulletin to populate the correct columns of a database, or to use in a derived product. This external knowledge is usually embedded (and hidden) in the bespoke application to create the database. Instead this information should be clear and open, and fully agreed and supported by the BUFR community.
These structures which are not properly resolved, are based on the functions of Generalised Coordinates.

Generalised Coordinates modify the descriptors to which they apply or target. Although they seem to be a simple sort of operation in BUFR, they operate in at least 4 distinct ways which are treated quite differently in XML and/or GML (an ISO/OGC application schema for XML).
In much of the rest of this paper the Generalised Coordinates are called Modifiers. This paper is the result of an investigating into the functions of Modifiers and the creation of a Conceptual Model of BUFR.

This Conceptual Model tries to match up BUFR terms and ISO terms and find an approximate mapping between the two. 

Contents of the paper.

The first part describes formally BUFR and ISO standards in short.

In the second part, a summary of the modifiers classified by function is listed in Table 1 and the importance described. A full list of the Modifier/Generalised Coordinate functions is listed in Annex A.
In the third part a UML diagram of a Conceptual Model of BUFR and its relation to ISO feature Catalogues is described. This UML has been converted into a table of the model components, with a small set of XML examples of these functions. This is listed in Annex B

Unless the reader needs to find extra details, it is not necessary to read Annex A or Annex B. 
1 Summary of WMO BUFR and ISO standard
1.1
WMO BUFR Standard
FM94-XIV BUFR is a WMO standard introduced in 1988. BUFR stands for Binary Universal Form for Representation. Currently there are many hundred thousand new BUFR instances (called bulletins) which are exchanged worldwide each day, and with the migration program (MTDCN), this will expand to replace all alphanumeric bulletins which are also exchanged even every half-hour.

BUFR is currently on version 14 and is updated each year, delivering a new version almost every year. 

While the ISO 19100 standards describe the definition of a data model and do not define a code or exchange format, BUFR includes (at least implicitly): a Domain Specific Language, a data model and two code forms (BUFR in binary and CREX in alphanumeric). 

1.2
ISO 19100 standards for geographical information

ISO Features are defined in ISO 19110 and are “abstract representation of a real world phenomenon”. They usually represent objects which can be positioned on a map, such as a road, a river or a bridge. 

WMO has very few isolated and permanent features such as these, what we have are also “features” but are “coverages” which are mappings of the value of a parameter (e.g. temperature) to a set of geographical positions – and usually time. Coverages are described in ISO 19123. 
1.3
Distinctions between BUFR and ISO features

However coverages are still features. The use of the name feature in the BUFR catalogue elides the ISO distinction between featureType and features in a feature instance (in BUFR – a bulletin), because BUFR declares its feature types within every instance. There is no complete fixed catalogue of BUFR features, the BUFR model defines the language to be used to define the feature types in an instance/bulletin. For example, data collectors can use the language to define new information describing new data.
In contrast to ISO and derived GML application schemas the single major requirement for the BUFR exchange format is conciseness. BUFR coding is designed to save individual bits where possible. BUFR does this by making everything, tags and values (except number values), a reference and defining every number in a fixed-point format, converted to positive integers in variable bit lengths.

BUFR references are defined in the BUFR tables. These are the closest thing to a feature catalogue in BUFR and comprise more than 460 tables in 6 BUFR table types. 

2
Modifier/Generalised Coordinate Functions.

Table 1 lists the functions of BUFR Modifiers and is a summary by Table B class of the functions assessed for each modifier in Annex A. 

These functions assignments are necessarily arbitrary: 

· it is not always clear in BUFR Table B Classes 0-9 what the usage and function of the individual modifiers are in practice;

· some Table B entries have seldom been used in practice;

· there are still descriptors which may really have coding functions within Table B;
· some classifications have obviously been unclear and might have been assigned to different classes;

· the distinction between ISO functions is also often unclear – clear classification is difficult in edge cases;
· it has been assumed that all the elements of a Code/Flag table identifier can be classed as the same function type. This seems to be usually true, but not all have been assessed individually.

The overwhelming number of Modifiers describe “properties” of the target Table B Descriptors.

However “property” is often too vague.

Class 0 Generalised Coordinates are a special case - to code BUFR tables – and are not included.

Class 1 are Identifiers. However BUFR Class 1 extends well beyond ISO “Identfiers” and also denotes different types of Citation, typically Operator, Originator and Source.
Class 2 are Instrumentation and all describe Instrumentation properties of the target descriptors.

Classes 4, 5, 6 and 7 are (almost) all types of CRS, Coordinate Reference Systems, i.e. true Coordinates in BUFR terms. Some describe the Coordinate type; some describe the datum. Some are clear latitude/longitude types which WMO declare to be WGS84. Most others can be described as parametric. This means that they do not transform linearly into a geometrical “distance” (in space or time). This is exemplified by the International Standard Atmosphere where the height is a pressure derived height with a defined pressure profile.
Class 8 is where all the fun lies: Significance qualifiers are a very clever invention of BUFR. However they require deeper understanding. 

Again 50 of the 55 modifiers can be classified as “properties”. Some of these properties are left unspecified, but others probably define “identifiers”, “roles” and “quality” properties.
Those modifiers described as property-quality functions have quite a wide interpretation. For example F0X08Y040 “Flight Level Significance” is probably a quality measure, since “ascending” or “descending” observations may be have less accurate height information compared to those made in “level flight”.

However the important function applies to 15 of Class 8 modifiers which are shaded in Table 1. These perform the function of inheritance or discrimination.

2.1
Inheritance/Discrimination

The Classes of BUFR Table B have an intrinsic, though rather loose type of inheritance. The Class organization of the FffXxxYyyy for different values of xx is a loose taxonomy where all yyy members of each Class xx have approximately the same property. For example all Class 12 descriptors are a TEMPERATURE type.

The Modifiers with Inheritance/Discrimination properties change the MEANING of the target descriptor. As an example taken from Annex B, (written in an XML style) the target descriptor F0X12Y001 (dry bulb temperature) is modifier by F0X08Y042 to be a tropopause level temperature.

<F0X08Y042 name=”BCS_extendedSoundingSig” type=”modifier”>

          <value units="FLAG TABLE " bit=”3”>Tropopause level</value>

          <F0X12Y001 name=”BT1_dryBulbTemp” type=”feature”>
                   <value units=”K”>nnn.n</value>

          </F0X12Y001>
</F0X08042>
ISO does not have a fully developed mechanism to redefine the meaning of features. ISO features are normally predefined in a Feature Catalogue. There is a property described in one of the ISO standards (ISO 19126) where a “discriminantAttribute” is created which does a similar thing, but it is not well defined or well supported.

In practice BUFR does create simple features which duplicate a modified feature if it is used frequently. Sea Surface temperature F0X22Y049 replaces a modified F0X12Y001.
	Table 1:  Modifier (Generalised Coordinate Descriptor) Types – classified by function


BUFR “Generalised Coordinates” are different from ordinary descriptors in that they “Modify” the descriptors they apply to. This table attempts to classify the way in which the “Modifier” adds to or changes the descriptors it applies to, and counts the number of these assessments in each Class.
A full set of assessments is contained in Annex A.

The 15 modifiers in Class 8 in the shaded box are described as modifiers which change the meaning of the descriptors they apply to. The resultant “discriminated” descriptor inherits from the original but has properties which make it different in type from the original.
	Modifier Function
	
	Description of function

	 
	 
	 

	Class 1 - Identification
	No.
	

	Property  
	7
	Usually a speed or direction of motion of a mobile platform. Not really an Identifier property.

	Property - ID
	58
	A name or part of an identifier

	Property - Operator
	1
	In ISO terms a Citation with a Role of Operator, identifying the operator of the system making the observation. 

	Property - Originator
	4
	In ISO terms a Citation with a Role of Originator, identifying the originator of the observation. 

	Property - Source
	5
	Only loosely an Identifier and possibly loosely a technique or instrumentation type. 

	Total in Class 1
	75
	This counts only the number of descriptors. The functional classification also assumes that every Code/Flag table is uniform and all entries follow the classification

	 
	 
	 

	Class 2 - Instrumentation
	No.
	 

	Property - Instrumentation
	163
	All attributes giving the instrumentation used

	 
	 
	 

	Class 4 - Location (time)
	No.
	CRS is Coordinate Reference System

	CRS - Temporal
	33
	A point in time, interval, period or displacement.

	CRS - Datum
	2
	Giving a temporal datum, starting point or reference time.

	Property - Role
	1
	Not really a CRS value but possibly a role or identifier

	Total in Class 4
	36
	 

	 
	 
	 

	Class 5 - Location (horizontal - 1)
	CRS is Coordinate Reference System

	CRS - WGS84
	6
	A WGS84 related latitude position increment or displacement. 

	CRS - Parametric
	19
	A non WGS84 locational term, in ISO terms "parametric"

	Total in Class 5
	25
	 


	Class 6 - Location (horizontal - 2)
	CRS is Coordinate Reference System

	CRS - WGS84
	6
	A WGS84 related longitude position increment or displacement. 

	CRS - Parametric
	8
	A non WGS84 locational term, in ISO terms "parametric"

	Total in Class 6
	14
	 

	 
	 
	 

	Class 7 - Location (vertical)
	No.
	CRS is Coordinate Reference System

	CRS - Vertical
	5
	A linear distance related vertical coordinate - e.g. height

	CRS - Parametric
	25
	A non-linear coordinate of a "vertical type" e.g. geopotential

	Total in Class 7
	30
	 

	 
	 
	 

	Class 8 - Significance qualifiers
	Many Significance Qualifiers listed as properties can be classified in several ways.

	Inheritance - Discrimination
	15
	These are the special cases for modifiers. These modifiers change the meaning of the descriptor being modified, discriminating this new class from the original.

	Property
	14
	An attribute which might give identifier, instrumentation, technique or type information 

	Property - ID
	5
	An attribute which performs some of the functions of an Identifier

	Property - Quality
	19
	Loosely classified as "Quality" information, for example current phase of flight, climbing landing.

	Property - Role
	12
	An attribute assigning a role or special character for the data

	Total in Class 8
	65
	 

	
	
	

	
	
	


3.
BUFR Conceptual Model
Figure 1 is an attempt to describe a BUFR Conceptual Model and to find a way to map BUFR constructs to an ISO Feature Catalogue. 
While this section summarises the main points, Annex B is a more complete description of the structures in the diagram and their relationships. Annex B is abstracted from the output from Enterprise Architect, which is the UML software used to create figure 1.
There are three sections to Figure 1. The green shaded (or light shaded in B&W) section is the rather curtailed description of the ISO 19110 model of feature catalogues and features. It represents the result of a mapping from the BUFR model structures (features) to the ISO features and vice versa.

The purple or darker shaded box just represents the mapping interface. Both the interface and the ISO feature model are for rudimentary illustration only.
The BUFR Conceptual Model will be familiar in outline to BUFR users, but the description and selection of elements, functions and properties are likely to be novel.

Part of what is unfamiliar is the extent to which coding functions and structures have been removed from the conceptual model. BUFR users and BUFR documentation typically go direct to the coding sections, and the model, which can be extracted from the BUFR documentation is rather submerged.

Starting at the top, the BUFR_catalogue is effectively Table B (minus some coding “clutter”). The individual classes (BUFR_Class) of Table B are sub catalogues.

BUFR_descriptors (Table B descriptors) are the components of the BUFR Catalogue.
There are two types of BUFR_descriptors: BUFR_simpleFeatures and BUFR_modifiers

The functions assigned in Table 1 are separated into 3 types and augmented by a fourth behaviour, which though really a coding construct, needs to be translated into XML too.

The three are attributeModifier, discriminantModifier, discriminantCoverageModifier and the augmented fourth function is a groupingModifier. All 4 are replicated by procedures which don’t yet exist, but which conceptually operate on existing BUFR decodes to create a fully decoded XML (createFeatureAttribute, createDiscriminatedFeatureAttribute, createCoverageCoordinate and createFeatureCollection).
3.1
groupingModifier
The groupingModifier is a modification which all modifiers can perform. BUFR Generalised Coordinates can be opened and closed to operate on more than one BUFR_simpleFeature. This creates a nested set of descriptors which make up a “BUFR_featureCollection”.

3.2
attributeModifier

The attributeModifier, the most usual modifier, creates a featureAttribute – a property of the simpleFeature. These attributes can have attributeRoles which Table 1 identifies as Roles, ID, Instrumentation or Quality. The attributes can define coordinates (CRS) or can assign Citations (Originator, Operator or Source), although these will usually be assigned to the bulletin as a whole.

3.3
Discriminating Modifiers

The Inheritance-Discriminant function is broken up into two types discriminantModifier and discriminantCoverageModifier, although the partition in procedure is different, createDiscriminatedFeatureAttribute would apply to both and createCoverageCoordinate follows only for the second.

This split into two types is a convenience. A discriminatedCoverageModifier could be is the result of both a discriminantModifier then an attributeModifier which creates another Coordinate. 
However, doing this hides an important distinction shown by the sort of operation given below (again in a quasi XML fragment). 
<F0X08Y042 name=”BCS_extendedSoundingSig” type=”modifier”>

          <value units="FLAG TABLE " bit=”2”>Standard level</value>

          <F0X07Y004 name=”BCV_pressure” type=”modifier”>

                        <value units=”Pa”>50000</value>

                 <F0X12Y001 name=”BT1_dryBulbTemp” type=”feature”>
                               <value units=”K”>nnn.n</value>

                 </F0X12Y001>
          </FX07Y004>

</F0X08Y042>

This is an expression of a Coverage function requiring an extra coordinate. This is quite common in BUFR but it is almost universal in GRIB. The Coverage operation pair of temperature defined at every measured (station) point is extended to another coordinate which may not be geometric. It identifies the dependent (variable over the stations) value and the independent (fixed) value, when both are types of parameters or parametric coordinates.
While this distinction could be ignored in BUFR, in GRIB it is a necessary model component.

4.
Conclusion

This is work in progress. Preliminary descriptions of this modelling were shown at the November OGC Met/Ocean Domain workshop in November 2010 and at the EGU conference in Vienna in April 2011.

In Vienna other work was presented by Dominic Lowe and Simon Cox showing developments of the OGC O&M model to deal with statistical summarisation discriminants, and both works could happily converge.
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Figure 1:  UML Diagram describing the BUFR Conceptual Model and a mapping to ISO 19110 Features.

