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Abstract: A map, being a scaled-down image of a fragment of the Earth, reflects the actual relation-
ships between objects in a way that allows for comprehensive exploration of large areas. In particular,
a map is an ideal tool for exploring the layout of historic parks, as it shows their character according
to their style. Depending on the style of the parks, their maps will differ in terms of the appropriate
selection of the scope of content and the system of cartographic signs. Nowadays, distribution maps
of parks for the visually impaired are increasingly popular. Depending on the purpose of a map,
it is essential to obtain the relevant spatial data before creating it. Spatial data are also important
to convey knowledge about the form of the given park and its function, elements, small garden
architecture, plant compositions, and garden arrangements. The purpose of this study is to assess
the usefulness of OSM (OpenStreetMap) and BDOT10k (the Topographic Objects Database) data for
the development of tactile maps of historic parks, with five garden styles. Data features, such as
accessibility of spatial objects and descriptive attributes, including names that allow identification of
the object type or completeness of object occurrence, were taken into consideration. The assessment
was conducted for three levels of map detail and separately for each garden style. The results showed
that almost half of the tactile maps’ content items could be taken from BDOT10k or OSM. The Data
Usefulness Index (DUI) confirmed a slight advantage of BDOT10k, taking almost the same values
as OSM (0.49:0.48 at the first level of map detail and 0.40:0.38 at the second level of map detail).
Complementing information on park objects obtained from OSM and BDOT10k data with data from
orthophotomaps or field measurements makes it possible to develop maps that convey information
about the composition of a park as a whole and about the cultural assets that blind or visually
impaired people have not yet been able to fully experience in a direct way.

Keywords: data visualisation; OSM; BDOT10k; tactile maps; garden styles; historic parks

1. Introduction

Visualisation of the world, by transforming large heterogeneous data volumes into
information (interpreted data) and, subsequently, into knowledge (understanding derived
from integrating information), has been of interest to cartography for centuries [1]. Data
are the starting point for map development. Their graphical representation is one of the
components of the visualisation process [2]. Over the last century, there has been great
interest in the development of cartographic visualisation, in the scientific works of many
cartographers, such as M.-J. Kraak and F. Ormeling [1], A.M. McEachren and Kraak [3],
Slocum et al. [4], and Dent et al. [5]. The cartographic visualisation process is considered by
Kraak [6] to be the translation or conversion of spatial data from a database into graphics,
providing a better understanding of spatial processes and relationships.

Cartographic visualisation makes it possible to acquire knowledge about the surround-
ing world in a more effective way, by reading data and presenting them in the form of a
map [4,7–9]. However, the result of the visualisation process is affected by many factors,
including the scale of the map. This introduces the problem of cartographic generalisation,

Appl. Sci. 2022, 12, 9731. https://doi.org/10.3390/app12199731 https://www.mdpi.com/journal/applsci

https://doi.org/10.3390/app12199731
https://doi.org/10.3390/app12199731
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0002-7147-0849
https://orcid.org/0000-0003-4673-3720
https://doi.org/10.3390/app12199731
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app12199731?type=check_update&version=3


Appl. Sci. 2022, 12, 9731 2 of 19

i.e., the meaningful reduction in map content during scale reduction [10]. The second
factor to be considered is the type of the map [11]. It is important when topographic or
thematic data are dealt with. These two categories have traditionally resulted in differ-
ent map-design approaches. The third important aspect is the character of the data to
be presented on the map [12]. The availability of datasets of different quality and from
different data sources, collected at different scales and stored in different map projections,
has a significant impact on the outcome of the visualisation process and on the final map.
Another important consideration in the design of thematic maps is also the map’s audience,
which helps determine which elements besides the theme should be included in the map
as reference points [8].

The literature often deals with the issue of spatial data quality, which, for many years,
has been the subject of interest not only amongst data distributors but also amongst users
and scientists [13–15]. The importance of data quality in science, including cartography,
has been well recognised and widely described for centuries [16–19]. The problem of data
quality is always analysed in the context of compliance with technical specifications. It
is highlighted by international standards organisations, which have developed several
standards on reporting and on data quality assessment, including such standards as:
ISO 19101:2002—geographic information—reference model [20]; ISO 19157:2013—data
quality [21]; ISO/TS 19158:2012—quality as assurance of data supply [22]. According to ISO
9000:2015 [23], data quality is defined as the degree to which a set of inherent characteristics
of an object fulfils requirements with respect to the immanent attributes related to the
geospatial nature of the data (like positional accuracy or spatial resolution) [24]. Features
and characteristics in relation to spatial datasets are determined by means of several
quantitative and qualitative indicators. The most commonly used and most applicable ones,
also for INSPIRE datasets, are: completeness (lack and excess of objects), logical consistency
(conceptual, topological, domain, format), position accuracy, temporal accuracy, thematic
accuracy (e.g., correctness of classification or correctness of qualitative attributes), and
lineage [25–27]. However, there is a certain gap in the literature on the subject of the
usefulness of data for the development of thematic maps, specifically developed for certain
groups of users.

Maps for people with special needs, e.g., for people with visual impairments, which
are becoming more and more popular nowadays, require a specialised approach to data
visualisation [28–30]. Such people read maps mainly with the sense of touch, sometimes
supported by their impaired eyesight. For them to be able to read tactile maps using touch,
both the scope of the content and the way in which it is presented should be adapted to
their perceptual capabilities [31,32]. Therefore, the content of each tactile map must be
highly generalised, both in terms of the concepts used to describe individual elements and
in terms of the graphic (tactile) form of their representation [33–35]. What is more, when
designing tactile maps, the principles of the ergonomics of using typhlographic materials
should be taken into account, so that the use of such a map is convenient, safe, and effective.
An example of thematic maps for the visually impaired is maps of historical parks, which
are the most popular historical attractions visited by blind people, and the large number of
parks make them a significant part of the cultural heritage of each country. As the parks
were created at different times, they were designed in different styles. Each style has its own
features, characteristic of a given period and the prevailing trends in garden design [36].
These features are related to the presence of specific objects in the park as well as to their
distribution and mutual relations. All this means that the park complex is a harmonious
whole. determining the uniqueness of the composition of the park as well as the style in
which it was designed [37]. Maps of parks also provide information about nature, as they
present the condition, specific style elements, and forms of protection; they make it possible
to analyse the processes that occur in nature at various scales.

Developing tactile maps of historic parks’ spatial data requires providing information
about unique style features. Therefore, the aim of the article is to assess the usability of
the OSM (OpenStreetMap) and BDOT10k (Baza Danych Obiektów Topograficznych (the
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Topographic Objects Database)) open data provided by the Central Office of Geodesy and
Cartography, for the purpose of tactile mapping historic parks. The contribution of research
to the existing knowledge primarily concerns the use of existing spatial data sources to
develop such tactile maps, which are not navigation maps but that perform purely cognitive
or educational functions. The tactile maps developed so far were mainly used to navigate in
space, to get from one place to another one. The use of topographic or general geographic
databases for the development of such maps is relatively simple, as they always contain
the basic objects necessary for navigation. In our research, we want to show that it is also
possible to use the existing spatial databases for the development of thematic tactile maps.
The main purpose of such maps is to learn about the features or phenomena, and their
content requires specific, thematic content elements that provide—in our case—historical
knowledge and cultural characteristics. Such maps are used for cognition and education,
rather than navigation. Obtaining their thematic content is time-consuming and requires
specialist knowledge; therefore, it is advisable to use the potential of already existing
databases, at least partially. With our research, we would like to fill this gap.

In our research, data usefulness is assessed for the development of tactile maps of park
gardens in five styles: Baroque, Renaissance, Landscape/English, Romantic/Sentimental,
and Oriental/Japanese. Assessment is motivated by the concern of how well the database
is suitable for the intended use. Therefore, the following research questions were posed
during the research:

• Which of the databases is better for the development of tactile maps of parks?
• To what extent can BDOT10k and OSM be useful for tactile park maps’ development?
• Which park styles are the BDOT10k and OSM data the most appropriate for?

The current state of knowledge shows the shortcomings in the assessment of the
usefulness of data for the development of tactile maps, in particular those that present
parks in different styles. This article can be treated as a contribution to the debate amongst
cartographers on the possibilities of using open data to develop tactile maps. It also
attempts to present the natural richness of parks with different styles from the point of
view of tactile maps. The results of the research are of great significance for two groups of
recipients. First of all, people who develop maps for the blind and partially sighted people.
The results of the research will help them to assess the suitability of classical spatial data
sources for the development of tactile maps. In many cases, this will eliminate the need to
acquire data from scratch and will contribute to shortening the time of developing tactile
maps and reducing the degree of subjectivity of typhlocartographic studies. The results of
our research are also of significance to a second group of recipients. They are the people
who use tactile maps in their daily life. Faster development of tactile maps with the use of
already existing data sources will contribute to increasing the accessibility of tourist and
cultural offerings for blind and partially sighted people. This will reduce their exclusion,
making it possible for them to learn about monuments and their cultural values in a way
that has been previously unavailable.

The first section provides an overview of the literature. The second section presents
the methodological assumptions about the characteristics of the evaluated data and the
description of the parks selected for evaluation. The next sections contain the results of the
analysis, discussion, and conclusions.

2. Materials and Methods
2.1. Methods

The basis of the research methodology was the assumption that the existing sources of
vector data should be used, as much as possible, to prepare highly generalised content of
thematic tactile maps. This assumption resulted from the fact that the method of generalis-
ing the content of tactile maps, so that they can be read by touch, is time-consuming, and
their production is very expensive. Therefore, the time needed to obtain all the data should
be minimised, using available sources, including, in particular, those that are free of charge.
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The content range of thematic tactile maps includes elements differentiated by features
defined in two different ways:

a. by determining the type of object, which is predominantly topographic (e.g., water,
building, vegetation); its name can be different according to its nature, its colour, or
its size (e.g., bodies of water may include rivers or streams; all these objects belong
to a wider category defined as flowing waters; bodies of water may also include
ponds, basins, and lakes; all these objects belong to a wider category defined as
standing waters);

b. by simultaneous designation of the type of object and its qualitative features, detailing
the characteristics of a natural object (e.g., low/tall vegetation or classic/oriental building;
where ‘vegetation’ or ‘building’ refers to the type of object, and ‘low/high vegetation’ or
‘historic/oriental building’ constitute the qualitative features of the object).

It was, therefore, accepted that the assessment of existing vector databases for the
development of tactile maps content range should include:

− identifying whether, in the databases, there were objects assigned to each category of
map content elements;

− identifying which objects of a particular type met the additional condition of relevant
qualitative features.

In order to achieve the above, it was assumed that the assessment of database use-
fulness for the development of the content of the thematic tactile maps would include
checking the accuracy, defined as the degree of how accurately the available data values
describe actual data [38], as well as the completeness of the database, defined as the degree
to which the data instance contains all the information required to have a comprehensive
representation of the described resources [39]. This required assessing both the model of
the existing database itself, describing its structure, and assessing its content. To this end,
the assessment process was divided into the following stages:

I. Verification of the suitability of the database model, i.e.:

1. Checking whether there was a separate class of objects corresponding to the
expected tactile maps content and/or corresponding to its qualitative features
(feature class existence);

2. Checking whether there were any descriptive attributes that made it possible to
identify the target object types and/or their qualitative features (attribute accuracy);

3. Checking whether there were any object names that allowed the identification
of types and/or features of the target objects (attribute accuracy).

II. Verification of the completeness of the data in the databases for the accepted test
areas, i.e.:

4. Checking whether there were any target objects in the database, for each type;
5. Checking whether the geometric representation of the target object types

corresponded to the target representation of the objects of the tactile maps.

In stages 1–3, the assessment was carried out with the use of a top-down approach,
i.e., the existence of the class was checked first. If the class did not exist or the target object
was additionally identified by a qualitative feature, then the attributes were checked. If
the attributes did not provide a definite answer, then the names of objects were searched
for. If, in the case of objects defined by their type and feature, there was a class of objects
defining the type, then in the subsequent stage only a qualitative feature was searched for.
The assessment process is presented in detail in Figure 1.
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Figure 1. The assessment procedure (own work).

The method was the same for the type of object and for the required qualitative features.
To proceed to stages 4–5, i.e., to the assessment of the completeness of the databases, it was
sufficient to have the object type.

For stages 1–3, the following assessment criteria were adopted:

• For stage 1, the score is:

# 0—when there is no class in the database that makes it possible to identify the
objects of the target type;

# 1—when there is a class in the database model that makes it possible to identify
the objects of the target type;

• For stages 2 and 3, the score is:

# 0—when there is no attribute in the database that makes it possible to identify
the type or features of the object;

# 0.5—when there is no such attribute in the database, but there are other at-
tributes that can be used to identify the type of features of the object;

# 1—when there is an attribute in the database model allowing identification of
the type or features of the object.

Since the attributes and names make it possible to identify both the object type and
feature, scoring is allocated separately to each of them. That is, the maximum score is
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1 point in stages 2 and 3, for objects for which the type is determined, and the maximum
score is 2 points, for objects for which the type and feature are determined.

For stages 4–5, the following assessment criteria were adopted:

• For stage 4, the score is:

# 0—when, in a given location, a geometric object does not exist in the database;
# 0.5—when there is geometry in the database that makes it possible to develop

the geometry of the target object (e.g., there is an area that symbolises a given
object, and the point is searched for);

# 1—when, in a given location in the database, there is a geometric object of
a certain type, as the very fact of target object existence makes it possible to
indicate its location, even if its geometry is not corresponding to the target
object geometry on the tactile map;

• For stage 5, the score is:

# 0—when there is no geometry in the database to develop the geometry of
the target object (e.g., there is a point to symbolise the object, and the area is
searched for);

# 0.5—when there is geometry in the database to develop the geometry of the
target object (e.g., there is an area that symbolises a given object, and the point
is searched for);

# 1—when there is geometry in the database that is compatible with the geometry
of the target object (e.g., there is an area that symbolises the object, and this
area is searched for).

As some objects were assigned only one characteristic (type), and others were assigned
two (type and feature), the maximum score obtained by the individual elements of content
varied (1 or 2 points). Thus, the scores obtained from specific elements of the content of the
tactile maps required normalisation in range <0,1>, on the basis of Equation (1). Elements
of style that did not have a geometric representation (cartographic sign) were not evaluated.

ES =
St + S f

nmax
(1)

where:

ES—score for the individual element of the content of the tactile map;
St—score based on the assigned type of the object;
Sf—score based on the assigned feature of the object;
nmax—maximum number of elements of the object.

The final assessment of the database was determined by the Data Usefulness Index,
calculated from the number of points assigned to each characteristic object of the parks in
five styles Equation (2):

DUI =
∑n

i=1 ∑
j
i=1 P

n ∗ j
(2)

where:

DUI—Data Usefulness Index;
P—number of points for each object;
n—number of categories;
j—number of objects.

The index obtained values in the range <0,1>. A value of the index closer to 1 meant
that the data were more useful for the development of tactile maps. The index was
determined for each level of map detail and for each garden style separately.
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2.2. Data and Study Area

The proposed method of assessing BDOT10k (Baza Danych Obiektów Topograficznych
(the Topographic Objects Database)) and OSM (OpenStreetMap) data was tested for the
development of tactile maps of historical parks in various styles. For parks in five styles,
Baroque, Renaissance, Landscape/English, Romantic/Sentimental, and Oriental/Japanese,
a range of tactile map content was proposed.

OSM data are stored in a PostgreSQL relational database, without spatial extensions,
in the WGS84 coordinate system. Data from the OpenStreetMap database were extracted
from the OSM Geofabrik service on 15 March 2022 [40]. They are distributed under the
Open Data Commons Open Database License (ODbL) by the OpenStreetMap Foundation
(OSMF). The OSM system is based on the idea of an open social network and uses wiki
technology, which in practice means that anyone can add or edit any database object at
any time [25,41]. BDOT10k is a vector database available from the Polish Central Office of
Geodesy and Cartography. The content of the BDOT10k database corresponds, in general,
to a traditional topographic map, at a scale of 1:10,000. The BDOT10k dataset is defined in
the PUWG 1992, a rectangular coordinate system, based on the Gauss–Krüger mapping
for the GRS80 ellipsoid in one 10-degree zone for Poland (EPSG: 2180) [41,42]. The layers,
selected from the databases to assess their usability for the development of tactile maps,
contained data on the networks of roads, rivers, utility infrastructure, land cover elements,
and other objects typical for parks and gardens in different styles [43].

The content of the above databases was compared with the content of tactile maps
of parks in five styles. The content of tactile maps is divided into four main thematic
groups: park layout (arrangement), vegetation, water bodies, and garden architecture
and equipment. It was assumed that each park is mapped on the general map (level 1
of map details), showing the entire park composition. Parks in styles with a significant
number of elements characterising the style (Baroque, Renaissance, Oriental/Japanese)
should be additionally mapped on a detailed map (level 2 of map detail), showing a
fragment of the garden with the greatest accumulation of the elements characteristic of
a given style on a larger scale, as well as on the large-scale map (level 3 of map detail),
showing, with details, a fragment of the garden that is unique for a given style. Parks with
a large area but fewer of the style features (Landscape/English and Romantic/Sentimental)
can only be mapped on two levels—the general map and the detailed map. The full
content range of tactile maps was used for the research, i.e., covering three levels of detail.
Designed for each tactile map (at each level of detail), the scope of content is presented
in “Elementy treści map” (Elements of map content) [44], constituting Attachement 2 to
“Metoda doboru treści typflomap założeń parkowych” (The method of selecting the content
of park typhlomaps) [45], as well as in Tables 1–3 in the Results section (“Object” column).

Research was conducted for 10 historic parks. Each style had its own unique char-
acteristics, including spatial features. All of them were located in Poland and included:
the Baroque style with Wilanów Park in Warsaw and Branicki Park in Białystok; the Re-
naissance style with Książ Park and Zamoyski Park in Kozłówka; the Oriental/Japanese
style with the Japanese Garden in Wrocław and Siruwia Japanese Garden in Przesieka;
the Landscape/English style with Krasiczyn Park and Szczytnicki Park in Wrocław; the
Romantic/Sentimental style with Arkadia Park and Czartoryski Park in Puławy (Figure 2).
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Figure 2. Location of garden parks in 5 styles: Renaissance, Baroque, Romantic/Sentimental, Land-
scape/English, and Oriental/Japanese.

3. Results
3.1. Evaluation of OSM and BDOT10k Data Usefulness for Three Levels of Map Detail

At the first and most general level, a total of 31 characteristic park objects and features
were listed, forming the basis for the development of tactile maps. As many as 27 of them
represented geometric objects. The assessment excluded the features that could not be
presented by geometry, such as terraces or the main axis (Table 1). An example of BDOT10k
and OSM data for Wilanow Park is presented in Figure 3.

Appl. Sci. 2022, 12, x FOR PEER REVIEW 9 of 20 
 

Arrangement of alleys - - - - - - - - - - 

V
eg

et
at

io
n

 

Low (A) 0 0 1 0.5 0 0 0.5 0.5 1 1 

Medium formed (A) 0 0 0.5 0 0 0 0.5 0 0.5 0 

Viridage (P) 0 0 0 0 0 0 0 0 0 0 

Single tree (P) 0 0 1 1 0 0 0.5 0.5 1 1 

Cluster of trees (A) 0 0 1 0.5 0 0 0.5 0.5 1 1 

High (A) 0 0 1 1 0 0 0.5 0.5 1 1 

W
at

er
 b

o
d

-

ie
s 

Surface (A) 0 1 1 1 0.5 0.5 1 1 1 1 

Source (P) 0 0 1 0 0 0 0.5 0 1 0 

Fountain (P) 0 0 1 1 0 0.5 0.5 0.5 1 1 

Stream (L) 1 1 1 1 1 1 0.5 1 1 1 

G
ar

d
en

 a
rc

h
it

ec
tu

re
 a

n
d

 e
q

u
ip

m
en

t 

Single building (P) 1 1 1 1 0.5 0.5 1 1 1 1 

Antique building (P) 1 1 0.5 0.5 0.5 0.5 1 1 1 1 

Oriental building (P) 1 1 0.5 0.5 0.5 0.5 1 1 1 1 

Ruin, grotto, tomb (P) 0 0 1 1 0 0 0.5 0.5 1 1 

Bower, stage,  

step, bench (P) 
0 0 0.5 0.5 0 0 0.5 0.5 1 1 

Stairs (P) 0 0 1 1 0 0 0.5 0.5 1 1 

Wall (L) 0 0 1 1 0 0 0.5 0.5 1 1 

Pergola, trellis, lattice, 

bindage (P) 
0 0 0 0 0 0 0 0 0 0 

Stone lantern (P) 0 0 0 0 0 0 0.5 0.5 1 1 

Gate—torii (P) 0 0 0 0 0 1 0 0.5 0 1 

Tea house (P) 0 0 0 0 0 1 1 1 1 1 

Karesansui—dry gar-

den (P) 
0 0 0 0 0 0 0 0 0 0 

Hill (P) 0 0 0 1 0 0 0 0.5 0 1 

Old element (P) 0 0 0 0 0 0 0 0 0 0 

Stones (P—including 

the triad) 
0 0 1 0 0 0 0.5 0 1 0 

 Sum of points 6 7 16.5 14.5 3.5 6 19 16 19 19.5 

 Percentage of points 22.2 25.9 61.1 53.7 13.0 22.2 70.4 59.3 70.4 72.2 

 

  
(a) (b) 

Figure 3. Databases for Wilanow Park: (a) BDOT10k; (b) OSM. 

For six BDOT10k objects and seven OSM objects, separate layers were created. They, 

respectively, represented 22% and almost 26% of all objects (Table 1). Over 53% of OSM 

0

5

10

15

20

25

S
u

m
 o

f 
p

o
in

ts

Figure 3. Databases for Wilanow Park: (a) BDOT10k; (b) OSM.

For six BDOT10k objects and seven OSM objects, separate layers were created. They,
respectively, represented 22% and almost 26% of all objects (Table 1). Over 53% of OSM
objects and 61% of the BDOT10k objects had descriptive attributes that made it possible to
identify the target object types or/and their qualitative features. Names were only available
for four objects in BDOT10k and six objects in OSM (Figure 4a).
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Table 1. OSM and BDOT10k data assessment ratings—the first level of map detail. P, L, A—type of
geometry (point, line, area).

1
Feature Class

2
Attributes

3
Names

4
Existence of
Geometry

5
Correctness of

Geometry

Thematic
Class Object

B
D

O
T

10
k

(1
)

O
SM

(1
)

B
D

O
T

10
k

(2
)

O
SM

(2
)

B
D

O
T

10
k

(3
)

O
SM

(3
)

B
D

O
T

10
k

(4
)

O
SM

(4
)

B
D

O
T

10
k

(5
)

O
SM

(5
)

A
rr

an
ge

m
en

t

Integrity of the park and
palace composition - - - - - - - - - -

Terraces - - - - - - - - - -
Building—palace/castle (A) 1 1 0.5 1 0.5 0.5 1 1 1 1

Type of alleys 1 1 1 1 0 0 1 1 1 1
Main axis - - - - - - - - - -

Viewing axes - - - - - - - - - -
Arrangement of alleys - - - - - - - - - -

Ve
ge

ta
ti

on

Low (A) 0 0 1 0.5 0 0 0.5 0.5 1 1
Medium formed (A) 0 0 0.5 0 0 0 0.5 0 0.5 0

Viridage (P) 0 0 0 0 0 0 0 0 0 0
Single tree (P) 0 0 1 1 0 0 0.5 0.5 1 1

Cluster of trees (A) 0 0 1 0.5 0 0 0.5 0.5 1 1
High (A) 0 0 1 1 0 0 0.5 0.5 1 1

W
at

er
bo

di
es

Surface (A) 0 1 1 1 0.5 0.5 1 1 1 1
Source (P) 0 0 1 0 0 0 0.5 0 1 0

Fountain (P) 0 0 1 1 0 0.5 0.5 0.5 1 1
Stream (L) 1 1 1 1 1 1 0.5 1 1 1

G
ar

de
n

ar
ch

it
ec

tu
re

an
d

eq
ui

pm
en

t

Single building (P) 1 1 1 1 0.5 0.5 1 1 1 1
Antique building (P) 1 1 0.5 0.5 0.5 0.5 1 1 1 1
Oriental building (P) 1 1 0.5 0.5 0.5 0.5 1 1 1 1
Ruin, grotto, tomb (P) 0 0 1 1 0 0 0.5 0.5 1 1

Bower, stage,
step, bench (P) 0 0 0.5 0.5 0 0 0.5 0.5 1 1

Stairs (P) 0 0 1 1 0 0 0.5 0.5 1 1
Wall (L) 0 0 1 1 0 0 0.5 0.5 1 1

Pergola, trellis, lattice,
bindage (P) 0 0 0 0 0 0 0 0 0 0

Stone lantern (P) 0 0 0 0 0 0 0.5 0.5 1 1
Gate—torii (P) 0 0 0 0 0 1 0 0.5 0 1
Tea house (P) 0 0 0 0 0 1 1 1 1 1

Karesansui—dry garden (P) 0 0 0 0 0 0 0 0 0 0
Hill (P) 0 0 0 1 0 0 0 0.5 0 1

Old element (P) 0 0 0 0 0 0 0 0 0 0
Stones (P—including the

triad) 0 0 1 0 0 0 0.5 0 1 0

Sum of points 6 7 16.5 14.5 3.5 6 19 16 19 19.5
Percentage of points 22.2 25.9 61.1 53.7 13.0 22.2 70.4 59.3 70.4 72.2
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Figure 4. Usefulness of BDOT10k and OSM data—the first level of map detail: (a) sum of points;
(b) percentage of points.

In the category of geometry existence, the BDOT10k database was considered better–
with 70% of objects with geometric data (Figure 4b). The best assessment of BDOT10k
and OSM data suitability for the development of tactile maps was obtained in the fifth
category—geometry correctness, with 70% of BDOT10k data and more than 72% of OSM
consistent with the geometry needed for tactile maps.

The assessment of BDOT10k and OSM data for the development of tactile maps
showed that, although OSM obtained better results than BDOT10k in three of five database
categories, the scores in individual categories were similar (Table 3). The total DUI (Data
Usefulness Index) value of the BDOT10k data was 0.49, while the DUI value for OSM
was 0.48.

The second level of detail of tactile maps was characterised by an increase in the
number of objects determining the style of the park. For all park styles, the number of
objects on the maps was 39. The largest increases were noted in the vegetation class and
garden architecture and equipment (Table 2). For four categories, the data assessment of
BDOT10k and OSM decreased. Only for seven BDOT10k objects and eight OSM objects
was the existence of a separate layer observed, mainly concerning buildings and paths.
For 59% of BDOT10k objects and almost 50% of OSM objects, the existence of descriptive
attributes useful for the development of tactile maps was observed. Similar to the first level
of detail, the number of OSM objects with names was higher than in the case of BDOT10k,
with 16% for the former and more than 10% for the latter (Figure 5).
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Figure 5. Usefulness of BDOT10k and OSM data—the second level of map detail: (a) sum of points;
(b) percentage of points.
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Table 2. OSM and BDOT10k assessment ratings—the second level of map detail. P, L, A—type of
geometry (point, line, area).

1
Feature Class

2
Attributes

3
Names

4
Existence of
Geometry

5
Correctness of

Geometry

Thematic
Class Object

B
D

O
T

10
k

(1
)

O
SM

(1
)

B
D

O
T

10
k

(2
)

O
SM

(2
)

B
D

O
T

10
k

(3
)

O
SM

(3
)

B
D

O
T

10
k

(4
)

O
SM

(4
)

B
D

O
T

10
k

(5
)

O
SM

(5
)

A
rr

an
ge

m
en

t

Integrity of the park and palace
composition - - - - - - - - - -

Terraces - - - - - - - - - -
Building—palace/castle (A) 1 1 0.5 1 0.5 0.5 1 1 1 1

Type of alleys 1 1 1 1 0 0 1 1 1 1
Main axis - - - - - - - - - -

Viewing axes - - - - - - - - - -
Arrangement of alleys - - - - - - - - - -

Stone paths 1 1 0.5 0.5 0 0 1 1 1 1

Ve
ge

ta
ti

on

Garden parterre (A) 0 0 1 0.5 0 0 0.5 0.5 1 1
Lawn (A) 0 0 1 0 0 0 1 1 1 1

Flower meadow (A) 0 0 0 1 0 0 1 1 1 1
Row of shrubs (L) 0 0 1 0 0 0 0.5 0 1 0

Formed medium (A) 0 0 0 0 0 0 0 0 0 0
Viridage (A) 0 0 0 0 0 0 0 0 0 0

Single tree (P) 0 0 1 1 0 0 0.5 0.5 1 1
Single formed tree (P) 0 0 0.5 0.5 0 0 0 0 0 0

Single formed shrub (P) 0 0 0 0 0 0 0 0 0 0
Row of trees (L) 0 0 1 0 0 0 0.5 0 1 0

Cluster of trees (A) 0 0 1 0.5 0 0 0.5 0.5 0 1
High (A) 0 0 1 1 0 0 0.5 0.5 1 1

W
at

er
bo

di
es

Surface (A) 0 1 1 1 0.5 0.5 1 1 1 1
Source (P) 0 0 1 0 0 0 0.5 0 1 0

Fountain (P) 0 0 1 1 0 0.5 0.5 0.5 1 1
Stream (L) 1 1 1 1 1 1 0.5 1 1 1
Bridge (P) 0 0 1 1 0 0 0.5 0.5 0.5 0.5

Waterfall (P) 0 0 1 1 0.5 0.5 0.5 0.5 1 1

G
ar

de
n

ar
ch

it
ec

tu
re

an
d

eq
ui

pm
en

t

Single building (A) 1 1 1 1 0.5 0.5 1 1 1 1
Antique building (A) 1 1 0.5 0.5 0.5 0.5 1 1 1 1

Antique element (P—column,
sphinx) 0 0 0 0 0 0 0 0 0 0

Oriental building (A) 1 1 0.5 0.5 0.5 0.5 1 1 1 1
Ruin, grotto, tomb (P) 0 0 1 1 0 0 0.5 0.5 1 1

Bower, stage, step, bench (P) 0 0 0.5 0.5 0 0 0.5 0.5 1 1
Sculpture (P—sculpture, statue,

obelisk, vase) 0 0 1 1 0 0 0.5 0.5 1 1

Stairs (P) 0 0 1 1 0 0 0.5 0.5 1 0.5
Wall (L) 0 0 1 1 0 0 0.5 0.5 1 1

Bucket plant (P—urn, pot, crate,
bucket, jardiniere) 0 0 0 0 0 0 0 0 0 0

Pergola, trellis, lattice, bindage (P) 0 0 0 0 0 0 0 0 0 0
Stone lantern (P) 0 0 0 0 0 0 0.5 0.5 1 1
Gate—torii (P) 0 0 0 0 0 1 0 0.5 0 1
Tea house (P) 0 0 0 0 0 1 1 1 1 1

Karesansui—dry garden (P) 0 0 0 0 0 0 0 0 0 0
Hill (P) 0 0 0 1 0 0 0 0.5 0 1

Old element (P) 0 0 0 0 0 0 0 0 0 0
Stones (P—including the triad) 0 0 1 0 0 0 0.5 0 1 0

Sum of points 7 8 23 19,5 4 6,5 19 18.5 26.5 25
Percentage of points 17.9 20.5 59.0 50.0 10.3 16.7 48.7 47.4 67.9 64.1
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Table 3. OSM and BDOT10k assessment ratings—the third level of map detail. P, L, A—type of
geometry (point, line, area).

1
Feature Class

2
Attributes

3
Names

4
Existence of
Geometry

5
Correctness of

Geometry

Thematic
Class Object

B
D

O
T

10
k

(1
)

O
SM

(1
)

B
D

O
T

10
k

(2
)

O
SM

(2
)

B
D

O
T

10
k

(3
)

O
SM

(3
)

B
D

O
T

10
k

(4
)

O
SM

(4
)

B
D

O
T

10
k

(5
)

O
SM

(5
)

A
rr

an
ge

m
en

t

Type of alleys 1 1 1 1 1 1 1 1 1 1

Ve
ge

ta
ti

on

Low shrubs/hedges 0 0 1 0 0 0 0.5 0 1 0
(L)

Flowers (A) 0 0 1 1 0 0 0.5 0.5 1 1
Row of flowers (L) 0 0 0 0 0 0 0 0 0 0

Lawn (A) 0 0 0 0 0 0 0 0 0 0
Formed medium (A) 0 0 0 0 0 0 0 0 0 0

Herbs (A) 0 0 0 0 0 0 0 0 0 0
Formed single shrub (P) 0 0 0 0 0 0 0 0 0 0

W
at

er
bo

di
es

Fountain (P) 0 0 1 1 0 0 0.5 0.5 1 1

G
ar

de
n

ar
ch

it
ec

tu
re

an
d

eq
ui

pm
en

t Sculpture (P—sculpture, statue,
0 0 1 1 0 0 0.5 0.5 1 1obelisk, vase)

Stones (P—including the
triad) 0 0 1 0 0 0 0.5 0 1 0

Sand (A) 0 0 0 0 0 0 0 0 0 0
Gravel (A) 0 0 0 0 0 0 0 0 0 0

Sum of points 1 1 6 4 1 1.5 3.5 2.5 6 4
Percentage of points 7.7 7.7 46.2 30.8 7.7 11.5 26.9 19.2 46.2 30.8

For the second level of detail, a significant decline was observed in the category of
geometry existence. For OSM, it was over 47%, while for BDOT10k, it was over 48%. This
is due to the appearance of new objects, which are characteristic of a park but not present
in the databases, such as antique elements or plant containers (urn, pot, crate, bucket,
jardinière). At this level of detail, BDOT10k was considered to be better in three of the five
categories. The total DUI of BDOT10k and OSM was lower than for the first level of map
detail: 0.40 for BDOT10k and 0.39 for OSM.

The third level of detail concerned 13 objects necessary for the development of tactile
maps (Table 3). The number of water bodies and garden architecture objects and equipment
decreased significantly. Only for one object was there a separate layer in the OSM and
BDOT10k databases. The descriptive attributes in both cases constituted 46% and 30%,
respectively. The assessment in the category of geometry existence decreased. Only for
26% of BDOT10k objects and 19% of OSM objects did suitable geometry exist (Figure 6b).
The BDOT10k data were considered to be better for three categories, but, generally, the
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assessment of both databases was similar. The total DUI was 0.27 for the BDOT10k database
and 0.20 for the OSM database.
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Figure 6. Usefulness of BDOT10k and OSM data—the third level of map detail: (a) sum of points;
(b) percentage of points.

3.2. BDOT10k and OSM Database Assessment for Park Styles

The BDOT10k and OSM database assessment, broken down by objects belonging to
each of the five park styles, showed clear differences in their usefulness. For the Baroque
style (Figure 7a–c), 8 objects were selected for the first level of map detail, 14 for the
second, and 7 for the third. The characteristic features of this style included, amongst
others: garden parterre, lawn, row of shrubs, single tree, and row of trees. The group of
water bodies included standing water and a fountain. The group of architecture and park
equipment was comprised of sculpture, steps, wall, bucket plant, pergola, trellis, lattice, and
bindage, amongst others. For the first level of map detail, the best results were obtained for
categories 2, 4, and 5, with 83%, 61%, and 88%, respectively, for BDOT10k, and 83%, 61%,
and 83%, respectively, for OSM (Figure 7a). Categories 2, 4, and 5 concerned the occurrence
of descriptive attributes of data and the existence and correctness of geometry. Similarly,
for the second level of detail, the results for these categories were 73%, 52%, and 82%,
respectively, for BDOT10k, and 55%, 47%, and 67%, respectively, for OSM (Figure 7b). The
lowest scores were obtained for the third level of map detail (Figure 7c). Only in category
2 (attributes) and 5 (correctness of geometry) were the results above 50% for BDOT10k,
with 57.1%, while OSM received a rating of 42.9%.

The characteristic features of the Renaissance style (Figure 7d–f) include, amongst
others: garden parterre, medium vegetation, herbs, viridage, fountains, stairs, and walls.
At the first level of map detail, there were six objects, with the same number at the second
level and seven at the third. The assessment of BDOT10k and OSM data usefulness for the
development of Baroque-style park maps showed that at the first level in the categories
of 2, 4 and 5, the BDOT10k database scored 71%, 51%, and 71%, respectively, while OSM
scored 71%, 50%, and 64%, respectively (Figure 7d). Again, the lowest scores were assigned
for the third level of detail, which were below 50% for BDOT10k and OSM (Figure 7f).

For the Landscape/English (Figure 8a,b) and Romantic/Sentimental (Figure 8c,d)
styles, only two levels of map detail were designed. At the first level of detail for the
Landscape/English park, there were eight characteristic objects, with nine at the second
level. These were mainly: lawn, flower meadow, tree cluster, standing water, stream, bower,
stage, steps, and bench. At the first level of map detail, BDOT10k database attributes were
available for 88% of objects, geometry for 72%, and, for all objects, the geometry was 100%
correct. For the OSM database, the results were similar, with attributes available for 88% of
objects, geometry for 77%, and geometry correctness for 100% (Figure 8a). At the second
level of map detail, the best results were obtained in categories 4 and 5. For 68% of objects,
according to BDOT10k, and 77% of objects, according to OSM, geometry was available,
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and, for 77% of objects, according to BDOT10k, and 68% of objects, according to OSM, the
geometry was correct (Figure 8b).
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Figure 7. Percentage of points for Baroque-style park in 5 categories: (a) level 1; (b) level 2; (c) level 3.
Percentage of points for Renaissance-style park in 5 categories: (d) level 1; (e) level 2; (f) level 3.

The highest results of data assessment were obtained for the Sentimental park style,
also defined as Romantic, both at the first level of map detail (Figure 8c) and at the second
one (Figure 8d). The Romantic/Sentimental style was characterised by 12 objects at the
first level and 14 objects at the second, with tall vegetation, an antique building, antique
element (column, sphinx), oriental building, ruin, grotto, tomb, sculpture, wall, and steps.
The assessment of the BDOT10k and OSM data showed that, at the first level in categories
1, 2, 4, and 5, the BDOT10k database received the ratings of 66%, 83%, 83%, and 100%,
respectively, while OSM received the ratings of 66%, 83%, 83%, and 100%, respectively
(Figure 8c). At the second level, the results were slightly lower, but they were still above
50% in three categories (Figure 8d).

The Oriental/Japanese park style (Figure 9) is characterised by several typical objects,
such as a formed tree, formed shrub, stream, bridge, waterfall, stone lantern, Torii gate, tea
house, Karesansui—dry park, hill, an old element, or stones (including the Triad). For this
style, a map should cover three levels of detail, with the numbers of objects at each level
being 11, 16, and 3.
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For the first level of detail, the best results were obtained for correctness of geometry,
with the BDOT10k and OSM databases receiving ratings of 58% (Figure 9a). The other
categories obtained scores below 50%. For existence of geometry, both databases were
rated at 45%. For the second level of detail, only for correctness of geometry were both
databases rated similarly, i.e., BDOT10k at 55% and OSM at 50% (Figure 9b). The databases
were rated the lowest in the first category: BDOT10k had a separate feature class for 11%
of objects and OSM for 23%. The lowest scores were obtained for the third level of detail
(Figure 9c). The OSM database received 0% in all categories (it did not contain any data for
the selected objects), while BDOT10k scored 33%, 16%, and 33% in categories 2, 4, and 5,
respectively, with 0% in other categories (Figure 9c).

The DUI ratings of BDOT10k and OSM databases were the highest for the Roman-
tic/Sentimental park style, at both the first and second levels of map detail. For the
Landscape/English park, the score was lower, and the usefulness of the databases for the
Oriental/Japanese park was rated the lowest. As the level of detail increased, the useful-
ness decreased (Table 4). It is worth noting that both databases showed similar usefulness,
differing from each other to a small extent.

Table 4. DUI values for individual park styles, for three levels of map detail.

Park Style
Level 1 Level 2 Level 3

Bdot10k OSM Bdot10k OSM Bdot10k OSM

Baroque 0.53 0.55 0.45 0.39 0.28 0.22
Renaissance 0.47 0.45 0.45 0.45 0.21 0.15

Landscape/English 0.66 0.50 0.49 0.55 - -
Romantic/Sentimental 0.75 0.80 0.51 0.58 - -

Oriental/Japanese 0.35 0.38 0.32 0.36 0.16 0.00

4. Discussion

The development of tactile maps is slightly different from the methodology of devel-
oping traditional thematic maps. In the process of developing maps of parks in different
styles, the data are subject to significant generalisation. An additional difficulty in the
present research resulted from the fact that park maps were to be developed for different
levels of detail. This required developing an original and coherent set of cartographic
characters. Each park style has individual characteristics to be shown on the map [44].
Therefore, a hierarchical division had to be used to maintain coherence between the content
ranges used to develop general maps (the first level) and detailed ones (the second level).
Semantic coherence between content elements in different park styles was also necessary.

The subject literature mainly presents satellite data used for the development of
traditional thematic maps. Unfortunately, there is a gap in the literature when it comes to
assessing the usefulness of data for the development of tactile maps. The methodology
presented in the article is universal; it can be used for tactile maps on various topics. The
Data Usefulness Index can be used even when the number of categories in the assessment
of data usability has been changed.

An additional stage in the process of data evaluation was selecting layers for the
analysis. Since one element could occur on several layers, it was necessary to conduct
an in-depth preliminary analysis of all layers and descriptive attributes. The results of
such in-depth analyses are included in the literature, discussing the thematic layers of
BDOT and OSM databases and their attributes, which can be used in the development
of tactile maps of parks [45]. However, tall vegetation, for example, characteristic of the
Landscape/English style, is marked on several layers in the BDOT10k database: PT—land
cover, attribute PTLZ—forest, wooded area with PTLZ01—forest, PTLZ02—grove, and
PTLZ03—trees. In turn, in the OSM database, tall vegetation is on the following layers:
Gis_osm_landuse (attribute: Fclass—Forest) or Gis_osm_natural (attribute: Fclass—Wood).
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Analysis showed that both databases—OSM and BDOT10k—can be equally useful in
developing tactile maps of historic parks, which provides an answer to the first research
question. Results show that usefulness of the databases is very similar. The level of
usefulness varies slightly, depending on the level of detail of the maps or park styles. When
analysing the map detail levels, a slight advantage for BDOT10k can be noticed, especially
with the data on the first and the second levels of map detail. This is confirmed by DUI
taking almost the same values for BDOT10k and OSM (0.49:0.48 at the first level and
0.40:0.38 at the second level). The advantage of BDOT10k is somewhat more pronounced
at the third map level, when DUI is 0.27:0.20 in favour of BDOT10k. A similarly slight
advantage of BDOT10k can be noticed when analysing data for park styles. The obtained
values also give us an answer to the second research question. On the basis of the above
data, it can be estimated that analysed databases can be useful to obtain up to 50% of the
items the first and second levels and no more than about 25% of elements on the third level
of map detail.

The slight advantage of BDOT does not mean, however, that it is better in all aspects.
It is worth noting that it is often the case that when one of the databases is poorer in data,
the other one has more available. This suggests that the best solution is to use both of
these sources when developing park maps. As an example, the OSM has many more
proper names of objects, which make it possible to identify unique objects characterising
park styles.

The obtained results also bring the important suggestion for the tactile maps devel-
opment process. It clearly shows that the most specific and the most unique elements,
which are characteristic for the Baroque, Renaissance, and Oriental/Japanese styles, have
to be collected from other sources. The results showed that the thematic scope of the
abovementioned resources does not include all the qualitative features of the content el-
ements presented on park tactile maps. Nor does it contain the precise location of some
of the content elements necessary to present the features of various garden styles on a
low-scale map (e.g., location of a waterfall, Torii gate, dry garden) or on a large-scale map
(composition of a dry garden, garden parterre). A literature analysis has revealed that
there are no satisfactory uniform sources of cartographic data covering the qualitative
characteristics of content elements of different garden styles. Therefore, when developing
the content of tactile maps of parks, it is necessary to use high-resolution orthophotomaps,
to obtain both the location of content elements and their qualitative features and to update
all data. Finally, the best way to collect quality features, especially for the less-known areas,
may be obtaining this data in person in the field.

Gardens in different styles have their own distinctive features. The results show
that BDOT10k and OSM data are of the highest usefulness for developing maps of Land-
scape/English and Romantic/Sentimental parks. This provides an answer to the third
research question. This is due to a certain specificity of the characteristic elements of each
style. Landscape/English and Romantic/Sentimental are more natural parks; therefore,
typical topographic elements are suitable to define these styles. Moreover, these parks
have fewer elements characterising style, so basic database elements are enough to fulfil
map content. This also confirms that these parks can be presented only at two levels of
map details. The other parks, i.e., Oriental/Japanese, Baroque, and Renaissance, have a
greater number of unique elements that are very specific for the given style; therefore, they
are difficult to find in the databases. For example, the Oriental/Japanese park has such
elements as a tea house, a stone lantern, a Torii gate, or a Karesansui—a dry garden. These
are not typical topographic elements; hence, they are absent in the OSM database and even
more so in the BDOT10k database.

5. Conclusions

Appropriate data selection makes it possible to develop a clear map, but a special
approach is required for the development of tactile maps. Assessing the usefulness of data
for the development of these maps is, therefore, an important initial stage of the geovisu-
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alisation process. The research has confirmed the moderate usefulness of BDOT10k and
OSM open data to develop such maps. However, these data should be supplemented with
information obtained from other sources, including orthophotomaps, photogrammetric
photos, or field measurements.

The assessment of the data depends, amongst other things, on the subject of the
map. The selection of different elements of map content, depending on the level of detail,
demonstrated how extremely important the first stage of map development is. The content
of a map is determined at different levels of detail. To assess databases, the universal Data
Usage Index was used. Its values ranged from 0.5 at the first level of detail to 0.2 at the
third. The index can be used for any number of features and any number of levels of detail.
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dla Ludzi/0005/2020-00 Titled “Technology for the Development of Tactile Maps of Historic Parks” Financed by The National
Centre for Research and Development in Years 2021–2024; Military University of Technology: Warsaw, Poland, 2022.
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