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ABSTRACT

This article deals with the creation of maps that depict the development of selected villages in Czechia in the 19th and 20th cen-
turies. These maps are used for the artistic and historical research of rural architecture, which focuses on the type and detail of
the surveyed buildings in the selected time period. Its results can be interpreted in a wider cultural context of the respective rural
region. The maps of the development of rural architecture were created on the basis of a detailed analysis of available archival
maps. The article describes the practical experience with the creation of these maps, contains an overview and description of
available archive maps and the procedure of their processing using geographic information system (GIS) tools. The interactive pre-
sentation of the created maps on the Internet is also discussed.
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1. Introduction

The beginning of the 21st century is associated with
arapid development of Information and Communica-
tion Technologies (ICT), which have gradually affected
most areas of human activity, including cultural her-
itage. In the field of monitoring the development of
rural architecture, it is primarily the use of Geograph-
ic Information Systems (GIS).

In Bohemia and Moravia, the rural architecture
has been influenced by intense political, economic
and social changes taking place since the second half
of the 19th century. In particular, they involved the
abolition of drudgery (1848), the establishment of
the cadastre unit institute and building legislation, i.e.
specification of construction management, fire regu-
lations, and the arrival of qualified architects, etc. The
gradual emergence of industry (19th century) and
large migration after World War I and World War I1
(20th century) had major influence on the develop-
ment of villages. In addition, the appearance of rural
architecture has been changing rapidly since the end
of the 20th century.

During the research into rural architecture, the
main focus often aims at the Building Archaeology
Survey and metric survey documentation of the old-
est preserved medieval buildings and their fragments.
The study of rural Baroque and Classicism architec-
ture (Mencl 1980) also attracts a great deal of atten-
tion. Rural architecture of the second half of the 19th
century and its development during the 20th century
have been highlighted since the 1990s (Dittrich 1990;
Kuca, Ku¢ova 1995; Skabrada 1999).

Generally, the approach to research into rural
architecture is divided into two types:

1. individual,
2. areal.

In the first case, it is usually an Operative Survey
(Blaha et al. 2005) or a Building Archaeology Sur-
vey (Beranek, Macek 2015; Pesta 2014) or a metric
survey documentation (Vesely 2014; Pavelka 2017;
Poloprutsky 2018) of a specific building or a block of
buildings. An interesting source of information about
rural architecture can be the projects of village build-
ings, which capture objects in their original form, i.e.
not obscured by later modifications, rather than on
real buildings (Ebel, Skabrada 2016).

In the second case, it is usually an area survey in
which attention is focused on a particular region.
With this approach, archival maps of various types
and ages can be used to describe, monitor and analyse
anthropogenic and environmental phenomena that
have been involved in and contribute to the develop-
ment of the region of interest of this article. Recent
research studies in Czechia which deal with thematic
changes of the landscape over time are often focused
differently in their specific objectives, e.g. on the
development and reconstruction of extinct villages
in the Usti Region (Brfina et al. 2015a, 2015b) or the

development and reconstruction of the historical Vlta-
va River valley (Cajthaml, Kratochvilovj, Janata 2019).

Valuable data sources for landscape and urban
development analyses are large-scale maps created
in various historical periods as well as digital ortho-
photos - historical (Adami 2015; Cogliati et al. 2017)
and contemporary. In these approaches, advanced
GIS tools can be successfully applied (Liu, Wang, Long
2010; Curovi¢, Popovi¢ 2014; Adami 2015).

The article provides an overview of old and current
large-scale map datasets available in Czechia. The
basic properties of maps with regard to the solved
problems are stated (Chapter 2). The main goal of the
article is to apply the basic methods of processing old
maps (georeferencing, vectorization, topology control
and online presentation - Chapter 3) for the creation
and presentation of maps of the built-up area devel-
opment (Chapter 4). The described workflow iden-
tifies problems that occurred during processing and
lists their solutions that can be inspiring when pro-
cessing similar tasks.

Created maps of the built-up area development are
used for Artistic and Historical Research of processed
localities (Hlrkova, Mezihorakova 2018, 2019).

1.1 Artistic and historical research

Artistic and Historical Research focuses on a specific
part, an element or a type of building under investi-
gation in the chosen time period. Its results can fur-
ther be developed and interpreted in a wider cultural
context of the respective rural region. In this way, it is
possible to describe the cultural and social environ-
ment of the given rural region and external influences
which have guided its future development in the given
time period (Hirkova, Mezihorakova 2016). Artistic
and Historical Research is the domain of the UDU staff.

In the future, the results of Artistic and Historical

Research can be used as a supplement to the Build-

ing Archaeology Survey (PesSta 2014; Beranek, Macek

2015). Artistic and Historical Research consists of

four basic parts:

1. background research of available historical sourc-
es and literature,

2. analysis of urban development based on the anal-
ysis of large scale maps from the 2nd half of the
19th century to the present,

3. survey of rural buildings in the region and selec-
tion of the building which formally and by style
best characterizes rural architecture in the region
(Poloprutsky 2018),

4. interpretation, presentation and archiving of the
results.

1.2 Maps of built-up area development
The maps of the built-up area development are made

on the basis of a detailed analysis of available archive
maps and subsequently serve for the analysis of
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building development. In the light of these facts, these

maps are referred to as analytical maps in the text

below. In the early stages of research, it has proven
useful to produce analytical maps of two types:

1. Summary maps of the development of a built-up
area which show the buildings (their outline) in all
used underlying maps.

2. Detailed maps of the development of a built-up
area which show the buildings in terms of building
construction in the two oldest time periods. These
maps benefit from the fact that in the maps of a
Stable Cadastre, it is possible to tell from the colour
of the filling of the building whether it is a brick or
wooden one.

Analytical maps capture the transformation of the
ground plans of buildings. However, caution must be
paid - there is a number of buildings that were com-
pletely rebuilt although their ground plan has been
preserved. By comparing the time layers, it is possible
to deduce interesting facts from analytical maps that
can be approximately dated (Poloprutsky 2018):

Ground plan of the building has not changed - it

is likely that the original core is preserved in the

building, although the facades of the building can
be completely changed;

- Ground plan of the building has changed - building
modifications have been made;

- Ground plan of the building has shifted on the plot
- the original building has been replaced by a new
building;

- Change in colour of the building filling - the build-
ing was rebuilt using another building material
(wood - brick).

An essential prerequisite for the creation of analyt-
ical maps of surveyed sites is the existence and availa-
bility of a sufficient number of base-maps, which may
be supplemented by other data sources such as Aerial
Survey Photographs or Orthophotos.

2. Base datasets

First, it was necessary to search for archival datasets
that show the main subject of research - buildings
with sufficient detail and accuracy. Detailed maps
charting the whole territory of today’s Czechia cover
the time period of almost 200 years. The quality of
individual map-sets is influenced by the purpose for
which they were made, the available and used techni-
cal means, the financial possibilities, as well as other
factors, and does not apply proportionally: the older
the map the lower the quality. For a correct interpre-
tation of the content of underlying maps (Hauserova,
Polakova 2015), it is favourable to know these tech-
nicalities, and therefore we give an overview of the
basic characteristics of the used data sources (Bumba
2009; Geoportal CUZK 2020). Generally, data sources
can be divided into archival and current datasets by
the date of creation.

2.1 Archival base datasets

Archival maps made for cadastral purposes are kept
and made accessible to the public mainly by the Cen-
tral Archive of Surveying and Cadastre (UAZK). The
most frequently used maps are scanned and continu-
ously published on its website (UAZK 2020). Scanned
maps can be ordered through the E-shop of the CUZK
Geoportal (Geoportal CUZK 2020). Maps that have not
been scanned can be requested and examined in the
UAZK study room where they can also be scanned.
The issue of archive documents is charged according
to the current price list.

The following map titles are taken from official
sources (Geoportal CUZK 2020; Terminological Dic-
tionary 2020). The overview of the maps is presented
in chronological order (from the oldest).

Imperial Obligatory Imprints of the Stable Cadastre
(CO, Figure 1) were made on the basis of the Imperial
Patent of 1817, which established the Stable Cadas-
tre. Cassini-Soldner’s projection was used as the map
projection; for Bohemia the Gusterberg datum of
cadastre coordinates was used, and for Moravia and
Silesia the St. Stephen datum of cadastre coordinates
was used. Maps were created by using a method of
the plane table in the fathom scale of 1 : 2,880 direct-
ly in the field. Imperial Obligatory Imprints were not
used for plotting additional changes in the field, and
thus depict the landscape in its original state from the
mapping period (Bohemia 1826-1843, Moravia and
Silesia 1824-1836). Maps were manually coloured. It
was a unique map series, which has still been used
in a large part of Czechia in digital form until today.
Imperial Obligatory Imprints generally belong to the
most demanded archival maps.

Original maps of the Stable Cadastre (OM, Figure 2)
are original maps created during the mapping of the
Stable Cadastre (one of the copies served as an Impe-
rial Obligatory Imprint). The changes that occurred in
the field were not continuously drawn into the maps
and therefore the maps gradually became obsolete.

Fig. 1 Imperial Obligatory Imprint (1840), the centre of the village of
Jasennd (Nachod District), data: UAZK.
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Fig. 2 Original map (1877), the centre of the village of Jasenna
(Nachod District), data: UAZK.

In 1867, it was decided to perform a one-time update
(reambulation) of maps. Unfortunately, due to the
lack of time, changes were often mapped and plotted
less accurately than the original mapping. The chang-
es were drawn into the original maps by red colour
for highlighting. When the drawing became confus-
ing due to a large number of changes, the map was
redrawn in its current valid state.

Correction sheets of the Stable Cadastre (EM, Fig-
ure 3) were depicted based on the legislation of 1883,
which introduced the obligation to keep maps in
accordance with reality (obligation to report changes
of owners). The coordinate system and the content
of these maps remained the same, only from 1887,
new maps were formed in a decimal scale, usual-
ly 1:2,500. On the basis of numerically measured
geometric plans, the changes in maps were sketched
in red colour. If the drawing became confusing due to
a large number of changes, the map was redrawn in
its current valid state.

All the above-mentioned types of maps of the Sta-
ble Cadastre are maps of a selected area, i.e. the draw-
ing does not cover the entire map sheet, but ends at

the border of a cadastral unit. In terms of built-up
area development studies, it is important that the
maps distinguish wooden buildings from brick ones.

All types of maps of the Stable Cadastre, i.e. CO, OM
and EM, are available in the raster scanned JPG format
with a resolution of 300 DPI. With the exception of CO,
where the mapping year is clearly stated, it may not
be easy to reliably determine the date to which the
map refers, i.e. when the map was completed. Some-
times, the date can be read from a handwritten note
on the edge of the map; sometimes, it is necessary to
consult the problem with the UAZK staff; and some-
times, the exact date of the map remains uncertain.

Land Cadastre maps (PK, Figure 4) were made in
Krovdk’s projection in the Datum of the Uniform Trig-
onometric Cadastral Network (S-JTSK) according to
a law from 1927 and related instructions. The new
mapping was carried out only in a smaller part of the
territory, preferably in locations with major changes
(usually in a reference scale of 1 : 2,000 for rural and
1: 1,000 for built-up areas). In other localities, the
maps of the Stable Cadastre remained valid.

Land Cadastre maps are provided by UAZK in a
binary (black and white) CIT format with a resolu-
tion of 400 DPI without georeferencing (individual
map sheets) or as one file (complete cadastral unit)
georeferenced to the coordinate S-JTSK system. The
relatively low scanning resolution and especially the
used data-format made the drawing of the scanned
map often difficult to read. The date of completion
of the drawing into the map must be discussed with
the locally relevant cadastral office, where the map is
stored. There, it is also possible to request a new, i.e.
higher quality, scan of the map.

State Maps 1 : 5,000 - derived (SMO5, Figure 5)
were made for the needs of state administration in
the years of 1950-2000. The topography was derived
from current cadastral maps. The maps also contain
hypsography, which was taken from the most suita-
ble existing data (usually a smaller scale). The maps
can be used in a situation when the original cadastral

Fig. 3 Correction sheet (1939), the centre of the village of Jasenna
(N&chod District), data: UAZK.

Fig. 4 Land Cadastre map (1955), the centre of the village of Jasenna
(N&chod District), data: UAZK.
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Fig. 5 State Map 1 : 5,000 — derived (1953), the centre of the village
of Jasenna (Nachod District), data: UAZK.

maps have not been preserved for the given peri-
od. A smaller map scale provides less detail, even
with regard to the shape of buildings. The maps are
scanned at a resolution of 300 DPI and provided in
the JPG format.

Maps of the Unified Land Registry (JEP) were made
in the years of 1956-1964 recording only actual land
use relations (not ownership relations). For the meas-
urement and plotting changes in the map, simplified
procedures and looser tolerances were allowed,
which resulted in less geometrically accurate maps.

Maps of the Registry of Real Estate (MEN, Figure 6)
were introduced by legislation in 1964. The projec-
tion and the coordinate system remained unchanged.
The drawing continuously covers the whole map
sheet - individual maps of selected areas were con-
nected; irregularities at the interface drawing are par-
tially aligned with the consequence of a local loss of
geometric precision.

The maps of JEP and MEN are scanned and pro-
vided in the JPG format with a resolution of 300 DPI.
These maps may be available in several editions of
different dates.

Ko 5 228
\ anna 222 R W i~ 225 e —

Fig. 6 Maps of the Registry of Real Estate (1964), the centre of the
village of Jasenna (Nachod District), data: UAZK.

Fig. 7 Aerial survey photograph (1975), the centre of the village
of Jasenna (Nachod District), data: UAZK.

Aerial survey photographs (LMS, Figure 7) have
been taken since 1936. The photograph scale is small-
er than in the previously mentioned base maps, and
their content is affected by the weather at the time of
photography, but they capture non-generalised situa-
tions and represent a usable data source. If a relief ele-
vation model is known, the photographs can be con-
verted to an orthophoto (Hodac¢, Zemankova 2018).

The National Archive of Aerial Survey Photographs
is administered by the Military Geographic and Hydro-
meteorological Office in Dobruska. Original aerial pho-
tographs are gradually digitized in cooperation with
the Czech Office for Surveying, Mapping and Cadastre
(CUZK). Some photographs are available on the web-
site of the archive (LMS 2020).

Other usable historical maps of a local scope (var-
ious thematic maps, manor maps, homestead plans,
etc.) may be a part of the funds of local regional
archives.

2.2 Current base datasets

From the current base datasets Cadastral maps of the
Real Estate Cadastre and the Orthophoto of the Czech
Republic can be used to monitor the development of
built-up areas.

Maps of the Real Estate Cadastre (KN, Figure 8), i.e.
current cadastral maps, are made according to leg-
islation from 2013 (Cadastral Decree 2013). Today,
cadastral maps exist in digital vector form in the
S-JTSK system (EPSG: 5514) for almost the whole
territory of Czechia. The maps, created by new map-
ping or by reworking of numerical surveys, are called
Digital Cadastral Maps (DKM); the maps created by
the digitization (vectorization) and transformation
(georeferencing) of analogue maps are called Digi-
talized Cadastral Maps (KMD). On a very small part
of Czechia, there are still maps in the Stable Cadastre
system (KM-D) or even in analogue form.

Cadastral maps in digital vector form can be freely
downloaded from the website for individual cadastral
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Fig. 8 Map of the Real Estate Cadastre (2018), the centre of the
village of Jasennd (Nachod District), data: UAZK.

units (Geoportal CUZK 2020) in several types of vec-
tor formats (DGN, DXF, SHP, VFK). Analogue cadastral
maps in the CIT raster format can be downloaded
from the website (for a fee).

The Orthophoto of the Czech Republic (Figure 9)
depicts the current non-generalised earth surface at
the time of photography. Currently, it is produced in a
two-year period with a pixel size of 0.20 meters. The
orthophoto is available as a data file in the JPG format
in a range of 2.5 x 2 km, i.e. map layout of the State
map at a scale of 1: 5,000 (for a fee) or as a Web Map
Service (free). The orthophoto may contain buildings
that are not drawn into the cadastral map - they are
not subject to the cadastre or have not yet been meas-
ured and displayed.

3. Methods for processing datasets

During the processing of analytical maps, a number of
methods which are briefly presented in the following
text was used.

3.1 Georeferencing

In this article, georeferencing is understood as the
placement of raster maps in a known coordinate ref-
erence system. The georeferencing operation is per-
formed by a geometric transformation determined on
the basis of identical points, i.e. points that are simul-
taneously drawn on both maps - a georeferenced map
and a reference map (Cajthaml 2012).

Identical points determine the accuracy of the
transformation. It is necessary to choose these points
in areas that did not change during the gap between
the creations of both maps. The most common iden-
tical points are corners of important buildings, dis-
tinct breakpoints on the cadastral boundary, common
points of two or more parcels, etc. Identical points
should be distributed throughout the area of interest

Fig. 9 Orthophoto of the Czech Republic (2018), the centre of the
village of Jasenna (Nachod District), data: UAZK.

as evenly as possible. Sometimes, it is difficult to find
a sufficient number of appropriately spaced identical
points. In that case, it is necessary to take into account
the possible impacts on the accuracy of the resulting
transformation.

For the georeferencing of scanned map sheets,
affine transformation is often chosen (Luhmann et
al. 2014), which reflects the various shrinkage of a
map sheet in longitudinal and transverse directions.
With an excessive number of identical points, i.e. with
more than three, the transformation accuracy can be
estimated and offsets at identical points can be cal-
culated by the least squares adjustment. The use of
a higher degree of transformations leads to smaller
deviations at identical points, but to greater local
deformations.

3.2 Vectorization

The vectorization of the map means “reworking a
map in analogue form, or a digital map in raster form,
into vector form” (Terminological Dictionary 2020).
During vectorization, a digital vector presentation of
spatial elements is created. Vectorization can be per-
formed manually one by one point, or by the use of
various forms of automation. The manual vectoriza-
tion method is very time-consuming, but it is often
the only way to get a well-usable vector map. With
manual vectorization, individual map elements can be
divided into thematic layers and additional properties
(attributes) may be added to them.

3.3 Topology control

Vector map elements form a topology that is under-
stood as “defining the structure elements of geosys-
tems based on their relationships connectivity (inter-
connection) and continuity (relative positions); map
elements create topological structures consisting of
nodes, edges, and walls” (Terminological Dictionary
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Fig. 10 Location of examined villages in Czechia.

2020). From a practical viewpoint of the vectori-
zation of a map, it is the verification that the draw-
ing does not contain free line ends, intersections of
lines without intersection points, isolated points
etc. It would not be possible to perform subsequent
spatial analyses correctly without removing these
imperfections. Their general theoretical overview is
beyond the scope of this article, therefore only the
specific process that was used is described in sub-
section 4.4.

3.4 Online presentation of maps

Digital maps can be made available to a wide range of
users on the Internet websites nowadays. An attrac-
tive online presentation of maps requires the use of
tools that offer interactivity, i.e. at least the possibility
of changing the scale of the map display, shifting the
viewport, eventually the possibility of working with
layers or the availability of additional information
about each map element. For complex solutions, it is
possible to talk about a certain information system
based on a concrete map.

Generally, presented digital maps can be divided
according to format into raster and vector maps. For
displaying larger raster maps, it is favourable to use a
solution that allows selectively downloading and dis-
playing only the necessary data based on the current
viewport and the display scale. For this purpose, the
so-called pyramid of raster tiles is usually used. Pre-
senting maps in the vector format allows zooming in
and out of the drawing at any time without a loss of
display quality. Complex map contents can be divided
into separately viewable thematic layers.

Generally, individual maps, thematic layers or addi-
tional external data sources may be in different coor-
dinate systems. For a positionally correct common
view of all parts of the map, it is necessary to ensure
the appropriate transformation of their display into a
uniform coordinate system.

Today, many applications allow advanced ways of
online presentations of raster and vector data (e.g.
Tile Map Service, Zoomify, OpenStreetMaps, Open-
Layers, GeoServer, MapServer, ArcGIS Server, etc.). For
digital maps with a richer or significantly overlapping
content, it is preferable to allow users to turn on and
off the display of individual thematic map layers. In
this case, it is more relevant to use maps in the vector
format, which allows sufficient map zooming without
a loss of display accuracy in addition. Choosing the
right application is an important moment in the solu-
tion of every project.

4. Workflow for processing datasets

For clarity, the creation of maps of the built-up area
development can be divided into several steps which
are described below.

4.1 Selection of examined villages

First, it was necessary to choose suitable villages. The
focus was on villages that have not been subjects of
intensive research so far, but which contain significant
values of rural architecture. The village selection was
made by the UDU working group (UDU 2020). In each
administrative region of Czechia (with the exception
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of the Prague region, i.e. a total 13), three villages
were selected and included in the basic Artistic and
Historical Research. One village out of three was then
selected for the processing of built-up area develop-
ment maps.

The existence and availability of suitable base
datasets is an essential prerequisite for the creation
of analytical maps. For some villages originally con-
sidered for processing, a sufficient number of archival
maps was unfortunately not found and therefore they
had to be replaced by other villages. The locations of
selected villages are shown in Figure 10.

4.2 Collection of base datasets

The availability and quality of datasets differed for
individual villages. The basic sets of archival maps
were searched and ordered from the CUZK Geoportal
E-shop (CUZK Geoportal 2020). Based on a concluded
contract specifying the scope and terms of use of the
data, it was possible to download the datasets from
the website after paying the fee. Some archival maps
have not been scanned yet and are therefore not avail-
able in this way. Such documents had to be searched
directly in the archives (Narodni archiv, UAZK
2020). Searched maps can either be photographed
or scanned by the archive staff. When some of the
maps could not be found, it was necessary to look
for alternative data sources, such as archival Aerial
Survey Photographs, or the State Maps 1 : 5,000 -
derived (SMO5).

Based on the processed time period and available
base datasets, it was determined that four archival
base datasets would always be used to create analyt-
ical maps, displayed as evenly as possible over time.
These maps were supplemented by the current cadas-
tral map. The base datasets used for each site are list-
ed in Table 1. For archival base datasets, the type of
map and the year to which it relates are shown. The

Tab. 1 Summary of used base datasets.

current cadastral map is differentiated according to
the type of DKM and KMD with the percentage of the
cadastral unit coverage. The last column of the table
shows the number of created map sheets of analytical
maps.

4.3 Pre-processing of base datasets

Before the processing of analytical maps, it was neces-
sary to modify the used datasets. The whole process
consisted of several follow-up steps and was imple-
mented using ESRI software - ArcGIS.

4.3.1 Georeferencing

The S-JTSK national coordinate system (EPSG variant:
5514 i.e. S-JTSK East North - the X axis points to the
East, the Y axis to the North) was chosen as the ref-
erence coordinate system. The current cadastral map
was chosen as the reference map, i.e. DKM or KMD,
which can be considered as the most accurate base
map. Affine transformation was used for the georef-
erencing of all archival base maps.

An extensive number of identical points was used
to transform each map sheet. In ArcMap software, the
total georeferencing accuracy is determined by the
Total Root Mean Square (RMS) Error value. Its value
ranged from 1.0 to 6.8 m, which is an accuracy that
corresponds to the level of accuracy of the used base
maps. The results of the georeferencing stage are sets
of raster maps transformed into a common coordi-
nate system.

4.3.2 Vectorization

The built-up area was the primary subject of vector-
ization, i.e. the drawing of buildings in all archival
base maps. For easier orientation in maps, the fol-
lowing items were also vectorized from the oldest
maps (Imperial Obligatory Imprints of the Stable
Cadastre):

nmmmmmmm

1 Hostourn CO 1840 OM 1876 PK 1938 JEP 1961 1
2 | Jasenna CO 1840 OM 1877 EM 1939 LMS 1975 100 0 2
3 Jezefany-Marsovice CO 1825 OM 1873 PK 1940 MEN 1963 0 100 2
4 Kostelec nad Vitavou CO 1830 OM 1873 EM 1914 MEN 1967 0 100 1
5 Ovesné Kladruby CO 1839 EM 1887 LMS 1956 MEN 1982 48 52 1
6 Polnicka CO 1838 OM 1872 PK 1953 MEN 1967 100 0 2
7 Ropice CO 1836 OM 1880 PK 1930 MEN 1980 60 40 3
8 Sedlec CO 1843 OM 1872 PK 1939 MEN 1978 0 100 1
9 Stribrnice CO 1835 OM 1871 PK 1955 MEN 1982 0 100 2
10 Stvolinky CO 1843 EM 1897 PK 1931 LMS 1954 100 0 2
11 Uhteticka Lhota CO 1839 OM 1876 PK 1949 MEN 1964 100 0 1
12 | Veledin CO 1841 OM 1875 EM 1908 PK 1964 48 52 1
13 Vigantice CO 1833 EM 1905 PK 1950 MEN 1982 6 94 2
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- basic road network - roads, paths, or railways,

- waters - watercourses and surface water (ponds
and lakes),

- boundaries of cadastral units,

- small sacral objects (chapels, crosses and wayside
shrines).

The descriptive or registration numbers of build-
ings, parcels of the Real Estate Cadastre and the
boundaries of cadastral units were taken from the cur-
rent cadastral map. Vectorized elements were stored
in the file geodatabase in the form of feature classes.
In the attribute table of a feature class that contains
buildings, additional columns have been added to the
columns automatically generated by ArcMap:

- Type - a wooden or a brick building,
- Category - buildings,

- Year - dating of the map,

- Note - an optional item.

The routine vectorization process contains an
element of “sophisticated assessment” in this case,
because the accurate georeferencing of maps does not
lead to an identical representation of the same build-
ing on individual maps. Each map of the cadastral unit
for a given year can be viewed as a layer of the map
composition in the used software. Due to many fac-
tors, e.g. inaccuracies of mapping, drawing, scanning,
georeferencing, vectorization, etc., an identical build-
ing is displayed in a slightly different position in each
map layer. Our effort was to eliminate these graphical
errors in maps and to capture only real changes in
the position and shape of individual buildings (exten-
sions, reconstructions). Thus, the identical building
had to be vectorized in the same position in all maps.
The assessment of the identity, or, on the contrary, the
dissimilarity of buildings was an essential vectoriza-
tion skill, with some degree of subjectivity.

As already mentioned, the current cadastral map
was chosen as the reference map. The building which
was detected on the archival map as identical to the
building on the reference map has been vectorized to
the position of the building on the reference map (in
mode snapping to existing points). This eliminated
the inaccuracies of map drawing, which would other-
wise complicate any subsequent analyses.

The vectorization proceeded from the oldest map
to more recent maps. First, the map of the Imperial
Obligatory Imprint was vectorized. In order to speed
up the process, another map (time stage) was vec-
torized above the copy of this map. Only subsequent
changes were manually incorporated: new buildings,
extinct buildings, reconstructions, extensions.

The described vectorization method had to be per-
formed manually. This was the most time-consuming
stage of the process. The sets of vector maps with
attributes are the result of the vectorization stage.

4.3.3 Topology control
Two simple basic topological rules were checked in
drawing each vectorized map:

[ built-up area according to Imperial Obligatory Imprint (1839)
—." built-up area according to Original map of Stable Cadastre (1876)
m built-up area according to Land Cadastre map (1949)
built-up area according to Map of the Registry of Real Estate (1964)
built-up area according to Map of Real Estate Cadastre (2019)
parcel of Real Estate Cadastre (2019)
road (1839)
waters (1839)
waters (2019)
-mm - = houndary of cadastre unit of Uhfeticka Lhota (1839)
boundary of cadastre unit of Uhfeticka Lhota (2019)
+  sacral object (1839-2019)

&p.fte. registration number according to Real Estate Cadastre (2019)

Fig. 11 Example of the summary map legend.

1. whether there is no overlap of two or more
polygons,

2. whether the continuity of individual edges of poly-
gons is not interrupted.

Any found errors had to be removed by the edit-
ing functions of the software. This processing step
resulted in topologically pure data, prepared for sub-
sequent analyses.

4.4 Creation of analytical maps

As mentioned in the Introduction to the article, the
analytical maps of the built-up area development were
divided into two variants: summary and detailed.

A summary map shows the built-up area from all
selected data sources (4 archive and 1 current) organ-
ized into individual thematic layers. Since individual
buildings usually appear in multiple base maps at the
same time, it was necessary to choose the appropri-
ate way to display them. The archival thematic layers
of buildings are displayed (from the oldest) by the
perimeter, the symbol on the perimeter, the hatch-
ing and the area fill. The current state of buildings is
shown by a transparent filling of the area (Figure 11).
In this way, it is possible to clearly distinguish all time
layers of individual buildings on the map.

A detailed map shows the built-up area of the two
oldest base maps, showing the development of the
building construction of buildings. On the maps of the
Stable Cadastre, it is possible to distinguish from the
colour of the building filling whether it is a brick or a
wooden building.

In terms of the occurrence of buildings on both of
the used base maps, two situations could have been
detected. A building occurred on both base maps or
on one base map only. If a building (or a part of a
building) was on both base maps, four options were
distinguished (Intersect function):

1. Wooden building remained wooden (wooden-
wooden)
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Development of buildings in 1839-1876

wooden — wooden

wooden — brick

brick — brick
Newly built buildings after 1839
'] ]| wooden building - detected only by a map from 1876
|| ] brick building — detected only by a map from 1876
Demolished buildings before 1876
——— wooden building — detected only by a map from 1839

—— brick building — detected only by a map from 1839
Other layers
road (1839)

waters (1839)
== .= houndary of cadastre unit of Uhfeticka Lhota (1839)
+ sacral object (1839-1876)

Fig. 12 Example of the detailed map legend.

2. Brick building remained brick walled (brick-brick)

3. Wooden building was transformed into a brick
building (wooden-brick)

4. Brick building was transformed into a wooden
building (only exceptionally)

If a building (or a part of a building) was on one
base map only, four options were distinguished (Erase
function):

1. Newly built wooden building
2. Newly built brick building
3. Demolished wooden building
4. Demolished brick building

A graphical representation of each option is shown
in the used map legend (Figure 12). The chosen col-
ours evoke the used building material; the hatching
direction indicates the construction or destruction of
a building.

4.5 Online presentation of analytical maps

The created analytical maps of the built-up area
development are presented on the website in the
vector data format (summary maps) and raster data
format (detailed maps). Responsive webpages (CVUT,
FSv 2020) are created for the presentation of all maps
and other project results continuously.

For our purposes of the presentation of summary
maps, a comprehensive and freely available JavaScript
library OpenLayers (OpenLayers 2020) has proven to
be a suitable tool that can display both data types -
vector and raster. This solution allows the users to
define map properties such as layer and legend display
settings, centre and zoom coordinate settings for the
initial map display, spatial limits on map movement,
define layer symbology and much more. The vector
map layers are presented in the KML format, which
was created by exporting from ArcMap software.

In the online presentation, the set of standard lay-
ers (Figure 11) is extended by a layer of geographical
names, a layer of the current Orthophoto of the Czech
Republic and a layer of the digital elevation model
(Figure 13). These additional layers are loaded online
from the CUZK source servers in the form of a Web
Map Service. Thus, historical data about built-up are-
as can easily be projected to the current state of the
landscape and terrain.

For our purposes of the presentation of detailed
maps, a simple and freely available JavaScript library
OpenSeadragon (OpenSeadragon 2020) has proven to
be a suitable tool which works with pyramid raster
tiles. The authors chose the Deep Zoom Image (DZI)
format for the layout of tiles which is very similar to
the solution used by Google Maps. Individual layers
of the pyramid are stored separately in numbered
folders. The tile file names consist of the column and
layer numbers of the grid. For creating pyramid pat-
terns in this layout, there are many applications from

E Datalayers

= [:] built-up area according to
Imperial Obligatory Imprints (1839)

& C:}Duell-un area according to
Original maps of Stable Cadastre (1878)

— & |77 buill-up area according to

Land Cadasire maps (1949)

= built-up area according to
Maps of the Reqgistry of Real Estate
(1984)

o built-up area according to

Cadastral maps of Real Estate Cadasire
(2019)

o parcal of Real Estats
Cadastre (2019)

o] communications (1839) *

Fig. 13 Web-presentation of the summary map of the built-up area development of the village of Uhtetickda

Lhota (Pardubice District), detail, data: UAZK, CUZK.

Online: http://venkov.fsv.cvut.cz/projekt/mapy_vektor/uhreticka_lhota/uhreticka_lhota_en.html.
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Fig. 14 Web-presentation of the detailed map of the built-up area
development of the village of Uhreticka Lhota (Pardubice District),
detail, data: UAZK, CUZK.

Online: http://venkov.fsv.cvut.cz/projekt/mapy_rastr/uhreticka
_lhota/uhreticka_lhota_en.html.

various development environments. In this case, the
authors used freely available desktop software Deep
Zoom Composer from Microsoft (DEEP ZOOM 2020),
which allows generating the resulting tiles in JPG and
PNG formats. For our purposes, we used the lossless
PNG format.

In this way, the whole map sheet is presented online
including the map frame with the S-JTSK coordinate
grid, legend, map imprint, graphical and numerical
scale (Figure 14).

ArcGIS Online (ESRI ArcGIS Online 2020) offers
interesting web presentation options as well. Within
the student work (Miinzberger 2019), outputs using
a template that allows effectively comparing different
pairs of maps of the same area were presented (Swipe
and Spyglass tools).

Web AppBuilder (ESRI Web AppBuilder 2020)
offers more advanced options to create a 3D scene
for presenting maps of built-up areas on a digital
elevation model covered with a current orthophoto
(Frommeltova 2019). The application also includes
control elements (widgets) allowing working with
layers and navigation view (tilt and rotation). As an
example of advanced methods of the online presenta-
tion of created analytical maps, we can mention a 3D
map of a built-up area (Figure 15). The map contains
parametrically generated schematized building mod-
els. However, this type of output is not used for our
needs because it contains a fictional appearance of
buildings that could be misleading for subsequent
interpretations.

5. Conclusion

The article describes practical experience in the cre-
ation of analytical maps and possibilities of their

Fig. 15 Web-presentation of 3D models of buildings in Uhteticka
Lhota (Pardubice District), detail, data: UAZK, CUZK.

online presentation. Considerable attention is also
paid to available archival datasets. Created maps show
the gradual development of built-up areas of select-
ed villages over the last two centuries. They serve
as an important basis for the Artistic and Historical
Research of rural architecture.

The technological process of creating analytical
maps proposed, implemented and described in the
article has proved its worth. Careful execution of all
phases of the process provides valuable final maps
that contain new information on the development of
built-up areas in selected localities.

The described procedure could serve as inspiration
for research teams resolving similar problems aiming
to obtain information from archival data. In this con-
text, the advantage of this article is that it also con-
tains an overview of the main large-scale base data-
sets, their characteristics and availability.

Analytical maps were created as part of a joint pro-
ject of the Institute of Art History of the Czech Acad-
emy of Sciences and the Department of Geomatics
of the Faculty of Civil Engineering of CTU in Prague.
Individual stages of the presented workflow were
continuously consulted by interested experts from
both workplaces.

Analytical maps of the built-up area development
have been prepared for 13 carefully chosen villages
altogether, equally spread throughout Czechia. The
created maps are published on the website and are
also available in PDF files.

The outcomes of our research activities are con-
tinuously presented to professionals and the general
public - through thematic exhibitions (Htirkova, Mezi-
horakova 2018; 2019), book publications (Htlirkova,
Mezihordkova 2016; Vi¢ek 2017), academic articles
(Hodac, Zemankova 2018; Poloprutsky, Soukup, Gru-
ber 2017; Poloprutsky 2018; 2019) and workshops
for students (Hlrkova, Mezihorakova 2017).

The final output of the project will be a publicly
accessible database containing complete textual and
pictorial documentation drawing on the Artistic and
Historical Research of selected villages. Analytical
maps will be an integral part of the final database.
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