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Abstract: Regulations and standards are playing an increasingly important role in
crop production. Common to the vast majority of these is that they are written in a
natural language which must be interpreted by the end-user. In this paper, use-
cases for a controlled vocabulary will be presented, with which standards and data
may be expressed in a uniform manner. Combined with a formal logic and an
XML-based transfer format, this will enable the automated transfer and processing
of standards.

1 Introduction

Regulations and standards are playing an increasingly important role in crop production.
A wide range of documents from universally-binding regulations and guidelines to opt-
in private standards specify what farmers may, should, should not and may not do with
respect to farm operations, management, documentation, etc. For simplicity, all such
regulations, guidelines and standards will here be collectively referred to simply as
‘standards’. Common to the vast majority of these standards is that they are expressed in
a natural language, often in prose form, although in many cases with accompanying
checklists which present an easier way to determine compliance. Even such checklists
are, however, not suitable for automated processing as they are still written in natural
language, often using imprecisely defined or inconsistently-used terms.

2 Controlled Vocabularies

One way in which the comprehension of standards may be improved, and a pre-requisite
for the automation of compliance testing, is the use of a controlled vocabulary. Such a
controlled vocabulary contains all terms which are required and provides the opportunity
for uniquely defining each term. In order to process the standard, it is then necessary to
‘translate’ each term into the vocabulary used internally (e.g. a natural language or data-
base schema). It should however only be necessary to perform this step once for each
controlled vocabulary, after which any document written using the controlled vocabulary
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may be interpreted uniquely. The terms of the vocabulary are therefore effectively mere
symbols representing particular concepts (cf. programming languages or algebra).

In use, the controlled vocabulary should be referred to with each term used from it. A
common way of doing this is the namespace and qualified name system used by XML
whereby each namespace (e.g. a particular vocabulary definition) is bound to a prefix
within a document and all terms from that namespace are then used as a qualified name
prefix:term from which it can be clearly deduced which authority has defined that term.
In some cases, a prefix may be commonly used such that it is always implicitly bound,
e.g. as is the case with EPSG and the OGC standards stack where any term of the form
EPSG:xxxxx is globally interpreted as being the coordinate reference system correspond-
ing to the identifier xxxxx in the European Petroleum Survey Group database.

In its simplest form, a controlled vocabulary may be expressed as a content-list; an enu-
meration of the allowed terms. Since these are not accompanied by a definition then a
content-list is only suitable for simple terms which are ‘well-known’, i.e. self-
explanatory in context and widely understood by the intended audience. The context
should be clear from the name of the content-list, or if necessary provided by a brief ex-
planation (metadata) in the definition of the content-list. This may reference an external
source where the terms used are authoritatively defined.

An extension of the content-list is the dictionary. In this case, each term is accompanied
by a definition (or multiple definitions in multiple natural languages) as to how it should
be interpreted and used in the context of the vocabulary. The dictionary is therefore the
definitive resource for interpreting the terms. It is therefore appropriate for simple terms
for which there is no well-known standard representation but which are sufficiently ob-
vious and unique that it is not necessary to define them within an ontology.

An ontology not only provides definitions of terms, but also explicitly states the relation-
ships between them. Using an ontology it is therefore not only possible to interpret
documents, but also to reason using the information provided. Ontologies are therefore
suitable for representing complex concepts and for situations where many terms may be
used to designate different, but potentially overlapping, aspects of the same concept.

3 Example Use-Cases
Content-lists, dictionaries and ontologies are each most suitable for use in different situa-
tions. Examples of where each may be appropriate are presented here.

There are many widespread standards defining symbolic representations of concepts
relevant to agriculture and which may be appropriately defined as a content-list, e.g.
chemical elements (the periodic table), SI units [BIPM06], countries and regions
[ISO3166], and currencies [ISO4217] may all be represented using well-known unique
terms defined by globally-recognised bodies. Common to all these examples is that there
is a definitive external reference which can be used to conclusively interpret the term.

Example use-cases for dictionaries are harder to identify. Their most likely use is in the
definition of an internal vocabulary for the standard: the majority of other terms are
likely to have suitable external definitions, for which a code-list is sufficient, or to repre-
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sent sufficiently complex concepts that an ontology is more suitable. An example of an
internal vocabulary of a crop-production standard is the required compliance levels for
the individual control points in the GlobalGap standards [GG07]; ‘Major Must’, ‘Minor
Must’ and ‘Recommendation’. Since these are simple and unique concepts (requiring a
minimum of 100%, 95% and 0% respectively of the relevant control points to be com-
plied with) which are not defined by an external body then these may be defined as a
dictionary listing the terms together with a (potentially multilingual) definition of each.

Ontologies have perhaps the widest use-cases in crop-production standards. Both the
definition of the standards and the documentation and data required to assess the compli-
ance to standards require that the terms and the relationships between them are clear.
Ideally both these knowledge-bases will use the same ontology, or there will be a clear
mapping between them. The need for this is provided by the following example.

GlobalGap provides a list of definitions of many of the individual terms used in their
standards [GG07]. In this, the term ‘Agricultural Production Unit’ is introduced as “a
geographic area composed of fields, yards, plots, orchards, greenhouses, livestock build-
ing, hatcheries, group of geographic areas of restricted fresh water and/or restricted sea
water activities and/or any other area/location/transport used for production of registered
products.” From this, the relationship between an agricultural production unit and a field
is fairly clear (without a field actually being defined here or elsewhere in the document)
– a field may form part of an agricultural production unit. In agroXML [KTBL08], there
is an element Field, but no element AgriculturalProductionUnit. There is however an
element Farm, although this is not implicitly related to the element Field and the rela-
tionship between the concept represented by the term Farm in agroXML and concept
represented by the term Agricultural Production Unit in GlobalGap standards is not de-
fined. Since agroXML deals primarily with crop production, it could probably be as-
sumed that anything represented by a Farm in agroXML is covered by the term Agricul-
tural Production Unit in GlobalGap, but that since the latter includes scopes currently
outside agroXML (e.g. aquaculture), then not all Agricultural Production Units could be
represented as a Farm in agroXML. This relationship is however only assumed and not
explicitly defined and so agroXML could not be used for unambiguously transporting
information required for assessing compliance to GlobalGap standards.

4 Available Technologies
How a controlled vocabulary may be referenced in an instance document is introduced in
section 2 and will not be further discussed – the focus here is on defining the controlled
vocabulary using XML. At the simplest level a content-list may be statically defined
using an XML enumeration as part of the schema definition. This however means that
when the vocabulary is amended, a new revision of the schema itself is required. An
XML-based format specifically for expressing the vocabulary is therefore preferable.

GML [OGC07] provides a dictionary schema, upon which the agroXML content list
schema is based. This provides a means to define sets of terms and, optionally, their re-
lated definitions. It may therefore be used to define either for a content list (without defi-
nitions) or a dictionary (with definitions). In the case of agroXML, the schema is gener-
ally used to provide a short form and the full form of the term, even in cases where the
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short form is based on an international standard (e.g. German federal states / ISO 3166)
and a simple content list should therefore suffice.

For the definition of ontologies, the Web Ontology Language (OWL) [W3C04] has
gained widespread acceptance. This provides two XML representations; RDF/XML and
an XML presentation syntax, of which the former appears to have the most widespread
support as it builds on the widely-adopted RDF language. Using such a standard format
for defining ontologies should allow the use of existing semantic reasoners (e.g. Pellet
[C&P08]) in order to infer relationships when more than one ontology is in use. Al-
though UML is also frequently used for defining ontologies, exchanging XMI, the XML
representation of UML, is problematic, and UML does not provide an easy way to pro-
vide translations between vocabularies.

5 Conclusions and FurtherWork
This paper has presented the case for the use of controlled vocabularies in defining and
controlling crop production standards. Three modes for the definition of different aspects
such vocabularies were introduced and available technologies for using these modes
were considered. In future work, an XML-based representation of crop production stan-
dards will be developed based on controlled vocabularies and rule definition languages.
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