INFORMATICS 2021 EAGE

21101

Ontology of geodetic, cartometric and morphometric methods in

the geoinformation environment

*D. Kin (Kyiv National University of Construction and Architecture), Y. Karpinskyi (Kyviv National
University of Construction and Architecture)

SUMMARY

The period of traditional measurements on analogue maps is coming to an end. This is being replaced
by rigorous computer methods that will determine the metric properties of a feature with user-defined
accuracy. The article proposes the research of conceptual and ontological models of geodetic,
cartometric and morphometric methods in the geoinformation environment to provide a clear
understanding of all instances and properties of these methods and to specify the requirements for the
software product and its components. The ontological approach has provided a strict structuring of
terms and concepts of the geodetic, cartometric and morphometric methods. It has ensured the creation
of ontologies that define entities as the root classes of research and explore the relationships between
them. The developed conceptual UML model and ontological model of geodetic, cartometric and
morphometric methods in the geoinformation environment defines the entities and properties of these
methods using CASE-visual design tool and Web Ontology Language.
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Introduction. One of the main sections of cartography is the use of cartometric methods, which
determine the conditions of all measurements on various cartographic materials: maps, topographic
plans, profiles, orthophotos, space images etc.

The authors of the article identified three stages in the development of cartometric methods:

¢ analogue cartometric methods (Guidelines, 1973; Rekhtzamer, 1974; Maling, 1989);

o standard methods of tools of geographic information systems (hereinafter GIS), which were made
in specialized software (Voser, 1999; Nishiyama, 2012; Berk and Ferlan, 2018; Idrizi, 2020;
Karpinskyi and Kin, 2020);

e rigorous computer methods that allow determining quantitative characteristics with ultra-high
accuracy of interpolation method (Karney, 2013; Setiawan and Sediyono, 2020;
Kin and Karpinskyi, 2020).

Standard GIS tools allow the user to measure, for example, the length of a route, the area of a certain
area directly on a mobile device or on a personal computer. It should be noted that these cartometric
methods are performed in the GIS environment on the Cartesian plane, without taking into account the
cartographic projection of Gauss-Krueger (Karpinskyi and Kin, 2020). The period of traditional
measurements on analogue maps is coming to an end. This is being replaced by rigorous computer
methods that will determine the metric properties of a feature with user-defined accuracy.

Method and Theory. The use of GIS brings cartometry to a new level, characterized by the expansion
of models and methods of measurement, the use of numerical methods and interpolation instead of
traditional instruments, as well as the possibility of using different mathematical models of the Earth
(an ellipsoid, a sphere), not only on the cartographic projection. Geodetic methods are time-consuming,
but expedient for measurements regardless of the projection and scale of the map. The geodetic method
is the method performed on a reference ellipsoid to determine the quantitative characteristics of features.

The results of researching (Karpinskyi and Kin, 2020) about the accuracy of the use of cartometric and
geodetic methods show that these methods are approximate, so it justifies the need to transfer to rigorous
mathematical methods.

The complexity of designing and developing a software application is that the developer must imagine
(know) the set of all possible stages and variants of processes in solving the problem, taking into account
the various valid inputs (Pidnebesna, 2017). This knowledge must be embodied in the form of a software
product. The preliminary formal specification can significantly reduce the duration and complexity of
the work, as the practical benefit is to facilitate understanding of the requirements and, accordingly,
reduce errors in implementation (Pidnebesna, 2017). This is ensured due to the use of an ontological
approach to the research of the geodetic, cartometric and morphometric methods.

The goal of the article is to build and research conceptual and ontological models of geodetic,
cartometric and morphometric methods in the geoinformation environment to provide a clear
understanding of all instances and properties of these methods and to specify the requirements for
the software product and its components.

Results. To research the instances and properties of geodetic, cartometric and morphometric methods
and development its description in terms of the model of entities and relationships, the authors
developed a conceptual model of these methods in the GIS environment using CASE-visual design tool
Enterprise Architect 13.0 (Figure 1). This conceptual model allowed to determine the entities of
researching: "Results of measurement”, "Levels of measurement ", "Geodetic method", "Cartometric
method", "Morphometric method", "Properties”, "Methods", "Geometry", "Relief", "Hydrography",
"Land management", "Energy industry", " Transport".
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Figure 1 The conceptual UML - model of geodetic, cartometric and morphometric methods in the
geoinformation environment.

The ontological approach has provided a strict structuring of terms and concepts of the geodetic,
cartometric and morphometric methods. It has ensured the creation of ontologies that define entities as
the root classes of research and explore the relationships between them. The authors of the article
developed an ontological model of geodetic, cartometric and morphometric methods in the GIS
environment in the OWL language (hereinafter Web Ontology Language) in the Protégé 5.5.0
environment (Figure 2, Figure 3). This model includes three logical levels:

* the level of measurement results, where the types of quantitative and qualitative characteristics of
features are determined;

* the level of measurement levels, where they are described depending on the characteristics of features
that determine;

* the level of the measurement environment, which describes the relationships between the methods and
methods used to determine the quantitative characteristic of features.
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Figure 2 The ontological model with defined levels
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Figure 3 The ontological model of geodetic, cartometric and morphometric methods in the GIS

environment

It is necessary to take into account the geographical conditions of the environment and morphological
features of the studied water bodies and their catchments to perform any hydrological research and
calculations. The current state of cartometric methods is determined by the application of the

Guidelines, 1973 (Guidelines, 1973; Rekhtzamer, 1974).

Guidelines state that different projections (for areas — equal-area projection, for line lengths —
equidistant) were used to determine different cartometric and morphometric characteristics of
hydrographic objects to reduce the influence of the Earth's curvature on the measurement results.
The choice of projection for such researches is due to the lack of rigorous computer methods, which are
calculated on a reference ellipsoid, which allows not to depend on the scale and cartographic projection.

The digital elevation model is used to determine the boundaries of watersheds, their areas, centres of
gravity and average heights of the surface. Determining the slopes, shapes of objects and other
quantitative characteristics of features on the reference ellipsoid by numerical methods will be

a perspective researching.

When solving the problems of all cadasters of Ukraine, important characteristics of geospatial features
are its coordinates of vertices, length and direction, as well as, especially, their area. Nowadays, parcels
in Ukraine are objects of the State Land Cadaster, so their boundaries and, accordingly, the area are
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legally approved, which means that the area of parcels should not depend on coordinate systems,
GIS environments, forms of data storage. Researching the area of geospatial features has shown that
standard tools of ArcGIS calculate it on a Cartesian plane without taking into account the curvature of
the Earth. Failure to take into account the Gauss-Krueger cartographic projection causes systematic
errors or distortions (Turifio, 2008), the dependence of which is determined by a mathematical model,
so one of the main requirements for the development of a suitable application is to take into account
the correction for ellipsoid surface reduction and projection distortion.

Conclusions. The developed conceptual model of geodetic, cartometric and morphometric methods in
the geoinformation environment defines the entities and properties of these methods. It allowed to form
ontologies on three levels and to determine the relationships between classes using the ontograph model.
The specification of the requirements for the software product and its components was described on the
example of geospatial datasets, emphasizing the feasibility of using a rigorous computer method to
calculate the quantitative characteristics of features.
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