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This research addresses the critical issue of open geospatial data quality, focusing on its relevance for
topographic and geodetic applications, urban planning, and the development of national spatial data
infrastructures. The authors developed a comprehensive methodology to assess three key quality
dimensions: positional accuracy, completeness, and level of detail across five popular datasets:
OpenStreetMap, Microsoft Bing Building Footprints, Google Satellite, Bing Maps, and Esri Imagery.
Geospatial and statistical analyses were conducted using digital topographic maps at a 1:2000 scale as
reference data for selected settlements in Ukraine. The results revealed significant variability among
the datasets. Microsoft Bing Building Footprints demonstrated the highest completeness, while
Google Satellite and Bing Maps achieved the best results in terms of detail. However, all datasets
showed notable discrepancies in positional accuracy compared to reference data, rendering automated
point-to-point matching ineffective. The findings underscore the need for rigorous quality assessment
when using open geospatial data, particularly in applications where data reliability directly affects
decision-making outcomes and public safety.
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Introduction

The quality of geospatial data is of fundamental importance for the accuracy of analytical
computations and the effectiveness of GIS-based solutions. Low-quality data may lead to erroneous
managerial decisions, inaccurate risk assessments, and flawed situational analyses. Therefore, it is
essential to apply formalized approaches to the validation of open geospatial data quality, guided by
international standards, such as ISO 19157 and INSPIRE, and adapted to the national legal framework
(Xia, 2012; Hecht et al., 2013; Xie et al., 2019; Yamazaki et al., 2019; Dawod & Ascoura, 2021;
Borkowska & Pokonieczny, 2022; Moradi et al., 2023; Herfort et al., 2023; Lyashchenko et al., 2024).

The issue of geospatial data quality becomes critical when such data is used in geographic information
systems for emergency prevention and response. In such cases, the accuracy, completeness, and
timeliness of this data determine not only the extent of material damage, but often also human lives.
Each field of activity has unique requirements for the structure and content of geoinformation models,
including the set of feature objects and their attributes, the accuracy of spatial characteristics, as well
as the topological and logical relationships between features, which must be correctly reflected and
implemented.

This research is dedicated to investigating the critical issue of the quality of open geospatial data for
their use in topographic and geodetic activities, cartographic production (Ali & Hamza, 2021; Hajek
& Kriz, 2021; Karpinskyi et al., 2021), the development of the national spatial data infrastructure, and
the provision of input data for urban planning and land management.

This work aims to assess the quality of open geospatial data using modern geoinformation
technologies. Achieving this objective will contribute to the more effective use of geospatial data by
ensuring its reliability and relevance to users' needs for informed decision-making in various fields of
activity.

Method

During the implementation of the assessment of the quality of open geospatial datasets, a
methodology was proposed consisting of the following stages:
1) selection and justification of selected elements and measures of quality of open geospatial
data;
2) description of mathematical models of elements and measures of quality;
3) formulation of a list of data sets whose quality is assessed and their metadata;
4) formulation of reference models for quality assessment;
5) development of a geospatial database for assessing the quality of the specified sets;
6) performance of assessment in a geoinformation environment;
7) analysis of the results obtained, formulation of conclusions and recommendations regarding
the specified sets.

Five of the most popular geospatial data sets were used for the study: OpenStreetMap (OSM),
Microsoft Bing Building Footprints, Google Satellite, Bing Maps, and ESRI Imagery. The practical
implementation of the methodology for assessing the quality of open geospatial datasets was carried
out by comparing information from the five datasets provided. Digital topographic maps at a scale of
1:2000 for settlements in the Khmelnytskyi, Kharkiv, Vinnytsia, and Cherkasy regions were selected
as the reference for comparison. All reference models were converted to the UCS-2000 coordinate
system (EPSG:5561). Two groups of layers are created for each settlement:
1) Reference data:
* Polygonal feature objects (buildings contained in the topographic plan).
* Point feature objects (vertices of building contours).
2) Evaluated datasets:
* Polygons obtained from each dataset.
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*  Corresponding points of building contours.

The following quality measures were studied to assess the quality of open geospatial datasets:

1) Positional accuracy is calculated based on the coordinates of the vertices of polygonal
objects by determining the root mean square error (RMSE) between the reference points and
the evaluated sets.

2) Completeness shows what percentage of feature objects from the reference dataset is
represented in each open geospatial dataset.

3) Data details’ level assesses how closely the area or configuration of buildings (polygons) in
the sets matches the reference data.

A set of 30 polygonal objects of buildings and constructions contained in all sets simultaneously is
formed to analyze each set of open geospatial data. The assessment was carried out using geospatial
and statistical analysis methods.

Results

All objects were checked for geometric errors before starting the analysis. Standard ArcGIS tools
were used to identify incorrect self-intersecting elements, open contours, or empty geometry. The
lengths of individual sides of building polygons from various open datasets were analyzed to assess
the details of the objects' geometry. The main condition was that the length of any side of a building
should not exceed 40 meters for digital topographic maps at the scale 1:2000. The three categories
were formed based on this rule (Figure 1, Table 1):

» fully compliant — if all segments of the building are <40 m;

* partially compliant — if some segments of the building are > 40 m;

* not fully compliant — if all segments of the building are > 40 m.

a) b)

c)
Figure 1. Categories of segments of polygonal geospatial objects: a — fully compliant; b — partially
compliant; ¢ — not fully compliant
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Table 1. Data details’ level of assessed datasets (for digital topographic maps at the scale 1:2000)
Quantity of objects’ | Quantity of objects’ Quantity of objects’

Name of the dataset

# evaluated segments, what segments, what segments, what not
fully compliant partially compliant fully compliant
1 Microsoft Bing
Building Footprints 83 65 0
2 | OpenStreetMap 31 o )
3 Google Satellite 28 s ,
4 | Esri Imagery 84 6 ,
5 | Bing Maps 26 61 5

This research analyzed the range of object areas in each of the open datasets for each settlement to
determine the completeness of geospatial data. The main purpose of the analysis was to determine
how completely the set covers both small and large buildings, and at the scale of the plan or map, its
detail corresponds to. The selection criterion for building area at a scale of 1:2000 is 4 square meters,
and for 1:10000 it is 100 square meters according to regulatory requirements, in Table 2.

Table 2. Data completeness of assessed datasets

4 Name of the dataset Mlgig;um Maximum area The scale to which the data
evaluated (sq. m) (sq. m) corresponds

j | Microsoft Bing Building 0,25 2898383 1:500 — 1:50000
Footprints

2 OpenStreetMap 7,55 28840,94 1:2000 - 1:50000

3 Google Satellite 59,81 9717,26 1:5000 — 1:50000

4 Esri Imagery 59,11 9763,06 1:5000 - 1:50000

5 Bing Maps 45,24 9624.,43 1:5000 - 1:50000

Conclusions

Detail’s level. In terms of detail, the best results are demonstrated by Google Satellite (59.1%), Bing
Maps (57.7%), Esri Imagery (56.4%), and Microsoft Bing Building Footprints (56.1%), with building
footprints fully meeting the criterion of “all sides <40 m.” In contrast, the OSM dataset includes only
25.2% of buildings that fully comply with this criterion; the rest are simplified, although no
completely unusable feature objects were identified.

Completeness. The highest completeness indicator was observed in the Microsoft Building Footprints
dataset, where the minimum object area was 0.25 m? and the maximum reached 28,983.8 mZ2
This indicates the presence of polygonal models that are suitable as supplementary source material for
digital topographic maps at scales of 1:500 and larger.

During the positional accuracy assessment, it was determined that feature objects from open
geospatial datasets differed significantly from the reference data. In particular, building contours
differed in the number of vertices and configuration, which made it difficult to accurately compare the
coordinates of corresponding points. That is why automatic comparison of point elements turned out
to be impractical, as the results would be incorrect or incomplete.
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