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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); 
 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); 

 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 
 

 

 
 
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 (Turiño, 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. 
 
References 
 
Berk, S. and Ferlan, M. [2018] Accurate area determination in the cadaster: Case study of 

Slovenia. cartography and geographic information science, 45(1), 1-17., 
https://doi.org/10.1080/15230406.2016.1217789. 

Idrizi, B. [2020] Necessity for geometric corrections of distances in web and mobile maps. Proceedings 
Vol. 1, 8th International Conference on Cartography and GIS, Nessebar, Bulgaria. 462–470. 

Guidelines for Determining Calculated Hydrological Characteristics [1973] Gidrometeoizdat. 112. 

Karney, C. [2013] Algorithms for geodesics. Journal of Geodesy. Vol. 87, 43–55. 
https://doi.org/10.1007/s00190-012-0578-z. 

Karpinskyi, Yu. and Kin D. [2020, April] Research of the transition from cartometric to analytical 
operations. XXV Jubilee International Scientific and Technical Conference «Geoforum – 2020», 
Lviv, Ukraine. https://doi.org/10.13140/RG.2.2.34353.40806.    

Kin, D. and Karpinskyi, Y. [2020, December] Peculiarities of the method of calculation feature’s 
geodetic area on the reference ellipsoid in GIS. International Conference of Young Professionals 
«GeoTerrace-2020» (Vol. 2020, No. 1, pp. 1-5). European Association of Geoscientists & 
Engineers. 10.3997/2214-4609.20205757 

Maling, D. [1989] Measurements from maps: principles and methods of cartometry. Oxford: Pergamon 
press. 

Nishiyama, Y. [2012] Measuring Areas: From Polygons to Land Maps. International Journal of Pure 
and Applied Mathematics, 81(1), 91-99. 

Pidnebesna, G. [2017] Ontolohii ta yikh znachennia dlia rozvytku suchasnykh informatsiinykh 
tekhnolohii. Induktyvne modeliuvannia skladnykh system. 8. 174-187. 

Rekhtzamer, G. [1974] Fundamentals of cartography (textbook). Gidrometeoizdat. 217. 

Setiawan, A. and Sediyono, E. [2020] Area calculation based on GADM geographic information system 
database. Telkomnika, 18(3), 1416-1421. 

Turiño, C.E. [2008] Gauss Krüger projection for areas of wide longitudinal extent. International 
Journal of Geographical Information Science. 22:6, 703-719, 
https://doi.org/10.1080/13658810701602286. 

Voser, S. [1999] Cartometric Aspects of Hybrid Analysis within GIS. Semantic Modelling for the 
Acquisition of Topographic Information from Images and Maps, 61. pp. 61–77. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




