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Anotace

Zemedelské tezaury (napiiklad AGROVOC nebo NAL Agriculture Thesaurus) jsou velmi velké a robustni
systémy formalizovanych znalosti. Jsou zaméfeny piedevSim na informace z oblasti zemédélstvi, nicméné
i ony pouzivaji fragmenty informaci a znalosti z dalSich oblasti. A tak zahrnuji i zédkladni pojmy z oboru
geomatiky. I pfesto, ze geomatické pojmy nejsou hlavni slozkou vysSe uvedenych tezaurti, hraji velmi
dulezitou roli v procesu detailniho popisu zemédélskych a dal§ich pojmti obsazenych v tezaurech (zejména
v procesu jejich méfeni, pozorovani nebo mapovani).

Tato studie posuzuje geomantické koncepty uvedené v AGROVOC a NAL tezaurech z hlediska geomatiky
(ale s ohledem na metodiku vyvoje a udrzby tezauri). Zaméfuje se na hodnoceni podskupiny pojmu
souvisejicich s geomatikou a pribuznych védeckych disciplin, jako je kartografie, fotogrammetrie, GIS
a dalkovy pruzkum Zemé. Autofi studovali definice pojmi, jejich hierarchie, vztahy a i odkazy na dalsi
informaéni zdroje. Vysledkem je kratky seznam doporuceni, jak zlepSit a obohatit vySe uvedené tezaury
z hlediska konceptti geomatické domény, coZ mize vést ke zlepSeni kvality tezaurd a jejich informaéni
hodnoty.
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Abstract

The agriculture thesauri (e.g. AGROVOC or NAL Agriculture Thesaurus) represent very large and robust
systems of formalized knowledge. They are primarily focused on information related to agriculture.
But they also use fragments of geomatic information and knowledge in a form of concepts and their terms.
These concepts include general terms of all parts of geomatics as well as data instances (such as particular
methods). Even though these concepts are not the main component of above-mentioned thesauri, the concepts
from geomatic domain play very important role in a process of detail description of agricultural and other
concepts (including processes of their measurement, observation or mapping) contained in thesauri.

This paper assess geomatic concepts in AGROVOC and NAL Agriculture Thesaurus from the view
of geomatics (but with a respect to methodologies of thesauri development and maintenance). It means
evaluation of the subset of concepts related to geomatics and close scientific disciplines such as cartography,
photogrammetry, GIS science or remote sensing. Authors look into definitions of concepts, their hierarchy,
relations and links to other information resources. As the result there is a short list of recommendations how
to improve and enrich the above-mentioned thesauri from the view of concepts from geomatic domain. It can
enhance the quality of thesauri and their information value.

The paper introduces the fundamental terminology (terms thesaurus, geomatics and concept) and related
researches. Then a description of mapping of concepts in particular tools follows. The results of mapping
are summarized in the part focused on the most frequent imperfections. The last section (with the exception
of the final conclusion) presents the set of recommendations concerning usage of concepts from geomatic
domain in agricultural thesauri.
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Introduction

Thesauri belong to very powerful semantic tools.
They provide lot of information classified to groups
based on broader and narrower term relations.
The agriculture thesauri such as AGROVOC,
CABI or NAL (National Agricultural Library‘s)
Agriculture Thesaurus represent very large
and robust systems of formalized knowledge
from agriculture domain. They are primarily
focused on information related to agriculture.
But they also use fragment of geomatic information
and knowledge in a form of geographic concepts.
These concepts includes general terms connected
not only to geomatics (e.g. “border”, “Earth”,
“accuracy”) as well as specific geomatic concepts
(such as “remote sensing”, “spatial data”
or “photogrammetry”). Even though these concepts
are not the main component of above-mentioned
thesauri, the concepts from geomatic domain play
a very important role in a process of detail
description of agricultural and other concepts
(including processes of their measurement,
observation or mapping) contained in thesauri.

This paper assess geomatic concepts (concepts
related to geomatics and close scientific disciplines
such as cartography, photogrammetry, GIS science
or remote sensing) in AGROVOC and NAL
Agriculture Thesaurus semantically. Authors look
into definitions of concepts, their hierarchy, relations
and links to other information resources. As the
result of research there is a list of recommendations
how to improve and enrich above-mentioned
thesauri from the view of concepts from geomatic
domain. It can enhance the quality of thesauri and
their information value.

The paper introduces the essential terminology
(terms: thesaurus, geomatics, semantics
and concept) and related researches focused
on comparison of concepts and their evaluation.
Than a description of methodology based
on semantic factoring, similarity quantification
and formal conceptual analyses follows. The results
of evaluation are summarized in the part focused
on the most frequent imperfections. The last section
(with the exception of the final conclusion) presents
the set of recommendations concerning using
concepts from geomatic domain in agricultural
thesauri.

Materials and methods

This paper deals with several terms that could
not be frequently used in the agriculture domain.

Therefore authors consider to publish their
definition and explanation necessary.

Geomatics—scientificand technical interdisciplinary
branch focused on collecting, distributing,
storing, analysing, processing and presenting
of geographical data or geographical information
— is the young discipline of science dealing
with spatial data and spatial technologies. Just
the orientation to “spatial” is very important
to the relation between geomatics and agriculture.
Geomatics provides a large portfolio of data,
technologies  (including Global Navigation
Satellite System), analyses and map outputs,
which are essential in many sectors of agriculture
such as precision farming, satellite farming, site
specific crop management, sustainable agriculture
or landscape and rural development.

Thesaurus is a lists of terms or concepts (notice:
Terms and concepts represent different entities
in the ontological and semantics theory,
but for purposes of this article they will be used
as equivalent words, because each term will be
represented by concept), which is based on similarity
of meaning of particular terms. It usually contains
a hierarchical structure of terms or concepts (using
the principle of broader and narrower concepts)
and relations to synonyms and sometimes antonyms.
Thesauri also provide an explicit explanation
or definitions of terms similarly to dictionaries.
More detail information on thesauri is available
for example in the article Approaches To Thesaurus
Production (Michiels, Noel, 1982) or Thesaurus
Maintenance, Alignment and Publication as Linked
Data: The AGROOVOC Use Case (Caracciolo
etal., 2011).

Inthearticle the two essential agriculture thesauri are
compared. AGROVOC — multilingual agricultural
thesaurus is managed by Food and Agriculture
Organization (FAO) of the United Nations (UN).
It consists of over 32 000 concepts available
in 21 languages. AGROVOC is based on the
SKOS (Simple Knowledge Organization System)
standard (Bechhofer, Miles, 2009). AGROVOC is
very open. It means not only providing of Linked
Data, but above all a huge number of publication
(e.g. Soergel et al., 2006, Sini et al., 2008
or Caracciolo et al., 2013) describing development
and research of the thesaurus.

The National Agricultural Library‘s Agricultural
Thesaurus — online vocabulary tools of agricultural
terms is produced by National Agricultural
Library, United States Department of Agriculture,
and the Inter-American Institute for Cooperation




on Agriculture as well as other Latin American
agricultural institutions. It contains about 98 000
terms in English and Spanish. The thesaurus uses
SKOS standard. This thesaurus is also available
as Linked Data. More information on NAL is
published in document Alonso (2007).

Semantics as a research of meaning and its
studying belongs among key tasks of contemporary
sciences connected with information technologies,
including geomatics. Particular studies are focused
on a development of semantics models (Huang
et al., 2010, Zhang, Xu, 2011, Wang et al., 2011,
Zhang et al., 2014), collecting of semantic data
and information (Hazman et al., 2009, Pazienza
et al., 2012), linking of semantic data resources
(Severino, 2007, Lauser, 2008, Lopez-Pellicer
et al.,, 2010), semantic similarity (Bae et al.,
2014, Batet et al., 2014, Jiang et al., 2014)
or development of semantic data resources in
various domains (An, Zhao, 2007, Ping, Yong,
2009, Lietal., 2013, Gimenez etal.,2013). Majority
of above mentioned document, which are connected
to geographic domain, constitutes the main
theoretical background of this article as well.

The methodology of comparison of selected
geomatic concepts in agriculture thesauri is
composed of two basic steps — selection of suitable
concepts and their processing. The selection
of concepts is based on personal experience
of authors as well as on domain dictionaries
such as online Terminological dictionary
of surveying and cadastre or International GIS
Dictionary (McDonnell, Kemp, 1995). The final
set contains 34 concepts: “accuracy”, “border”,
“cartography”, “coordinate”, “dimension®,
,EBarth®, | feature“, ,generalization”, ,geodesy®,
»geography®, , geoinformatics®, ,,geomatics®,
,,GIS*, ,,GNSS*, ,,GPS*, ,imagery®, ,,landscape®,
,»map®, ,map projection, ,,mapping®, ,,metadata®,
,morphology®, ,photogrammetry®, ,projection®,
Hraster data“, ,remote sensing“, ,scale®, ,spatial
data“, ,surface”, ,surveying®, ,thematic map®,
Htopography*, , vector and ,,vector data”. The set
includes common terms (e.g. “border”, “feature”),
technologies (e.g. “GPS”, “GNSS”), sciences
(e.g. ‘“cartography”, “geodesy”) and specific
geomatic concepts (e.g. “spatial data”, “map
projection”).

Selected terms were processed by both descriptive
and quantitative methods to test their occurrence
in thesauri, similarity and position in the hierarchy
of thesauri. To the comparison there are used
descriptive methods of graphical scheme
of hierarchies (based on broader and narrower

concepts, which are the key components of SKOS
standard) and other relations such as related
concepts (similarly to Severino, 2007). Concepts
were also processed by quantitative methods
focused on computation of similarity using
Formal Concepts Analysis (Wille, 1992), which
is described with use of mathematical structures
in Kavouras, Kokla (2007). The tested concepts
are decomposed into primitives, which are
in this case based on definitions (and other explicit
descriptions) published in both thesauri. Based
on the occurrence of primitive concepts
the similarity according Tversky (1997).

Results nad discussion

In total 34 concepts connected to geomatics
mentioned in previous parts of this article were
compared. The both thesauri contain 21 of the set
of tested concepts (61,76%, Table 1). It is result
better than average, but it is necessary to mention
two additional facts:

1. There are only 14 concepts (41.18%,
Table 1) which are found in both

thesauri simultaneously — “cartography”,
“dimension”,  “geodesy”, ‘“geography”,
“geomatics”’ C‘gis73’ “gps73’ G‘imagery7?’

CLINT3 CLINT3

“landscape”, “mapping”, “photogrammetry”,

G

“remote sensing”, “scale” and “topography”.

2. None of thesauri contain such a fundamental
geomatic concepts such as “map”,
“coordinate” or “border”. Moreover these
concepts are quite general and overlap
to other thematic domains, including
agriculture.

A scant occurrence of concepts is not sufficient
from the view of semantics. Users have to have
more detail explicit information available to realize
context and meaning of concepts. Thesauri allow
to add descriptions or definitions to each concepts.
But as it is evident from following table (Table 1),
taking advantage of explicit descriptive information
is not sufficient.

The following results are based on comparison
of 2 concepts (“cartography” and
“photogrammetry”) defined in both thesauri. These
concepts are processed by methods described
in the part Methodology.

Authors deal with two pairs of definitions:
“cartography”

e AGROVOC: The art and science
of the production of maps. This includes




Thesaurus Number of concept

9
AGROVOC 21

(42.86% from concepts contained in AGROVOC; 26.47% from all
tested concepts)

Number of defined or described concepts

11
NAL 21

(52.38% from concepts contained in AGROVOC; 14.29% from all
tested concepts)

2
AGROVOC & NAL 14

(42.86% from concepts contained in AGROVOC; 5.88% from all
tested concepts)

Source: own processing

Table 1: Overview of concepts and their description in thesauri.

the construction of projections, design,
compilation, drafting and reproduction.

* NAL: The art, science and technology
of mapmaking.

“photogrammetry”

* AGROVOC: The science of obtaining
reliable measurements from photographs.

* NAL: The science of deducing precise
measurements from photographs.

All definitions are decomposed to single terms:
“cartography”
«  AGROVOC (10): art, science, production,

map, construction, projection, design,
compilation, drafting, reproduction.
« NAL (4): art, science, technology,

mapmaking.
AGROVOC & NAL (2): art, science.
“photogrammetry”
*+  AGROVOC (5): science, obtaining, reliable,
measurement, photography.
* NAL (5): science, deducing, precise,
measurement, photography.

« AGROVOC & NAL (3):
measurement, photography.

science,

Decomposed terms of particular definition are
processed by statistic computation of similarity,
which is expressed as a percentage (0% means
completely different concepts, 100% same
concepts). As it is evident from definitions and
their decomposition the similarity of concept
“photogrammetry” is higher (42.86%) than
the similarity of concept “cartography” (16.67%).
Taking into consideration specificity of tested
concepts both values are insufficient.

Previous results point to a speculation that both

pairs of concepts are composed from more
or less independent concepts (even though concepts
express the same entity). This guess is supported
by the Formal Concept Analyses, which is connected
with semantic factoring of definitions. Its results
show that concepts have several common terms,
but they are not interconnected by any relation
of subordination or superiority.

Testing of various relations (broader and narrower
concepts, related concepts and relation Used for)
have to find other types of connections of evaluated
concepts. Following scheme (Figure 1) presents
a comparison of hierarchies and relations of both
concepts in each thesaurus.

From the Figure 1 it is evident, that similarly
to definitions the classification of concepts
and relations are quite different in the AGROVOC
and NAL Agriculture Thesaurus. There are
following heterogeneities, which are characteristic
not only for tested concepts (this opinion is based
on the detail research of the AGROVOC that is not
published now).

* Even though both concepts represents
branches of science or technical activities,
their classification into broader concepts
is totally different, especially in case
of AGROVOC. But also independent
position of the concept “cartography” in NAL
is not correct. This difference is important
in case of concept “Photography”. In both
thesauri it is the nearest broader concept
to “photogrammetry”, but AGROVOC
classifies this concept to methods and NAL
to technologies.

* The development of narrower concepts
seems to be non-systematic. It is evident
from the sets of narrower concepts
to the “cartography” in both thesauri. NAL
deals with small subset of key cartographic
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Figure 1: Relations of concepts in the NAL thesaurus.

concepts and AGROVOC use relations
to two (relatively marginal) types
of mappings.

The last group of heterogeneities comes
from the related concepts. Even though
cartography and photogrammetry are very
similar scientific disciplines, according
to the tested thesauri they have only one
join related concept — “photointerpretation”
or “Photographic interpretation” (thesauri
deals with two different concept, but in this
case they can be considered to be
equivalent). Moreover only AGROVOC
contains the relation between “cartography”
and “photogrammetry”. Relation to other
related concepts are similarly to narrower
concepts very non-systematic and in many
cases not correct (e.g. very weak relation
between “cartography” and “echosounding”).

Conclusion

article describes analyses of concepts

connected to geomatics and their implementation
in two the most important agricultural thesauri
(AGROVOC and NAL Agricultural Thesaurus).
The results could be summarized into following
points:

Occurrence  of  geomatic  concepts
in agricultural thesauri is slightly above-

average, but there is a lack of common
concepts.

Explicit specification of geomatic concepts
in agricultural thesauri is very poor.

The similarity between definitions is very
poor. Even though both concepts are very
specific and well (but not uniformly) defined.

There are two pairs of interconnected
definitions without any relations
of subordination or superiority.

Both tools contain some errors, but NAL
looks more consistent.

Inconsistency in hierarchies even though
both thesauri are focused on the same topic
and use same rules, principles and standards.
For example thesauri contain quite specific
concepts such as “thematic map” or “GPS”,
but not concepts “map” or “GNSS” which
should their broader concepts logically.

Results of the limited research described in this
article show that

..it is necessary to stop a spontaneous
and subjective development and modification
of semantic tools. They have to be created
in very close cooperation of domain experts
with use of standardized (recommended)
methods.

...users as well as developers have to become




aware that universal concepts do not exist,
because they are context-dependent. These
contexts proceed from many aspects such
as language convention, culture, domain,
education etc. Users need to feel context
or they need to be able to find it in a semantic
tool. Tools have to provide context
by explicit semantic description
and relations.

The future steps of this research will be focused
on evaluation of other types of geographic concept
and semantic tools. It should lead into a creation
of recommendations for users and administrator
of semantic tools and a development of a more
efficient and correct way of storing of geographic
concepts with use of more detailed relations
and multiple representation.

The high quality of implementation of geographic
concept is very important from a view of general
communication or sharing information. It is

Corresponding author:
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crucial in many processes such as various types
of agriculture connected to geoinformation
technologies, implementation of INSPIRE directive
in Europe (details see in Reznik, 2013) and other
standardization activities or educational activities
that need to handle well described information
(details see in Janecka et al., 2011).
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