GT?rr?ce EAGE

Conference

*B. Chetverikov (Lviv Polytechnic National University)

The purpose of the conducted research is to build a modern digital elevation model of the Zvenyhorod
hillfort according to the topographic plan of 2011 and to examine the built DEM for priority areas for
the analysis of vertical displacements, combining it with archival cartographic materials. In addition to
the 2011 topographic plan at a scale of 1:1000, the input data was the archival map was created by
Friedrich von Mieg in the 18th century and the Polish archival map of the 18th century on which the
infrastructure of the Zvenyhorod hillfort is displayed. According to the topographic plan, a modern
digital elevation model of the object was built and the urban infrastructure was transferred from archival
maps. The overlap of the hillfort objects as of the 18th century was analysed and the priority points for
the research of vertical displacements of the Earth's surface were pre-determined, namely the places
where the infrastructural objects on the two archival maps coincide. According to the digital elevation
model, the places of infrastructural objects of the Zvenyhorod hillfort were analysed from archival
maps. It was determined that some objects on the two maps do not match, although the cartographic
materials are from the same period. It can be concluded that these objects were applied to one of the
cartographic materials by mistake or approximately, since even the generalization of the data does not
explain the difference in their location. Priority areas for investigation for vertical displacements are
marked of the red and yellow points of objects are applied depending on the priority of further research.
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Introduction

Relief is one of the main factors determining the development of various natural processes on Earth.
Thus, it largely determines the peculiarities of the formation of surface runoff and slope processes,
significantly redistributes incoming solar radiation, forming landscape differentiation even in local
territories. Obtaining information about the relief by traditional methods is always a very time-
consuming task, it often involves the construction of a different of morphometric maps based on
topographical bases of one scale or another. Therefore, at present, electronic relief mapping is widely
used, which in the context of geographic information systems (GIS) has vector or raster mapping.
Currently, DEM can be obtained from two main types of sources: the first includes radar survey data of
the Earth's surface; the second type of sources includes isolines from topographic maps of various
scales, which can be used as input data in various approximation methods for obtaining DEM. In our
opinion, the second source of DEM will remain in demand for a long time due to its availability to a
wide range of domestic researchers.

The object of our research in this work is the destroyed Zvenyhorod hillfort. Zvenyhorod near Lviv is
a small village, but in the past, it was the centre of the Zvenyhorod principality with a large fortress, a
bastion castle was later built on the site of the small town. Now in Zvenyhorod historical and
archaeological reserve with a museum. From ancient of the city and Zvenyhorod castle remained
wasteland, however leftovers antiquity is clearly visible and inspectable their interesting. The citadel of
the castle was square, with bastions and moats were supplemented earthy fortifications. The ancient
ramparts of the post were converted into bastions. That's how they were destroyed thousand-year-old
ramparts, moreover actually in vain, since political situation changed to this territory no one attacked
and newly built Zvenyhorod castle quickly fell into disrepair. The castle in Zvenyhorod is clearly visible
on von Mieg 's map of the end of the 18th century - in the citadel three rectangular ones are marked
buildings in the east there was a gate, a lot buildings were on the territory Lower castle.

It should be noted that many scientists both in Ukraine and abroad deal with the problem of studying
immovable objects of historical and cultural heritage using DEM. The authors of the work were also
engaged in the study of the DEM for the historical and cultural heritage, which was published in their
previous works (Chetverikov, 2013; Chetverikov and et al., 2019). Among foreign researchers, it is
necessary to mention the works (Miles and al., 2014; Mogstad and et al., 2020; Solem & Nau, 2020),
which describe different methods of building a DEM for the research of historical and cultural heritage:
based on photogrammetric processing of aerial or space photographs, based on the processing of lidar
data, based on the processing of UAV survey data.

The purpose of the conducted research is to build a modern digital elevation model of the Zvenyhorod
hillfort according to the topographic plan of 2011 and to examine the built DEM for priority areas for
the analysis of vertical displacements, combining it with archival cartographic materials.

Method

The input data for conducting research: a fragment of the plan for determining the boundaries of the territory
National historical and cultural reserve "Ancient Zvenyhorod" (Fig. 1); archival map was created by
Friedrich von Mieg in the 18th century (Fig. 2 a); archival Polish map of the 18th century (Fig.2b).

All cartographic materials were tied in the MapInfo program to a single conventional coordinate system
in the built-in program orthogonal projection of the "Plan-scheme (meters)". Since our task was to study
the overlay of infrastructural objects from various cartographic materials and the construction of the
DEM, we were not interested in the real coordinates of the objects. Since the urban planning situation
on the modern topographical plan is very different from the 18th century, the archival maps were
connected to the topographical plan by 4 reference points, which included the four limbs of the remains
of the castle. When transforming archival maps, the maximum MSE was 6 pixels or 7.3 meters on
terrain. The maximum mean square error of the transformation of the modern graphic material of the
topographic plan was 1 pixel or 0.5 m.
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After transformation the cartographic products, the infrastructure objects of the Zvenyhorod hillfort
were vectorized on each of them (buildings, boundaries of the castle's protective walls). Both vector
layers with objects from the 18th century are overlaid on a fragment of the modern 2011 topographic
plan for coincidence analysis.

Terrace!'(
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The construction of the DEM according to the modern topographic plan was carried out using the
vectorization of isolines in the Surfer software package. Taking into account that the topography of the
local site of the hillfort is quite steep, especially in the area of the remains of the Zvenyhorod castle, it
was decided to choose the Kriging method as the most optimal for constructing this type of topography.

Figure 1. Fragment of the plan for determining the boundaries of the territory National historical and
cultural reserve "Ancient Zvenyhorod"
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Figure 2. Archival maps on the territory Zvenyhorod hillforts, created in the 18th century:
a) von Mieg map; b) Polish map

Kriging is an advanced geostatistical method that allows you to construct a predicted surface from a set
of z-valued points. Unlike other interpolation methods, the Kriging tool provides an interactive study
of the spatial behaviour of the phenomenon represented by z-values before choosing the optimal
estimation method for constructing the resulting surface.

The basic formula for interpolation by the Kriging method is formed as a weighted sum of data:
N
Z(s,) =Y 2,Z(s,)
11

where: Z (s;) - value that is measured in locations i; 4; - unknown weight for measured value in locations
i; so - Location forecast; N - quantity measurable values.
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Here, the weight, 1 ; depends only on the distance to the location of the forecast. However, when using
the Kriging method, weights are applied not only to the distance between the measured points and the
forecast locations, but also to the overall spatial location of the measured points. To use spatial location
in the weights, we need to define the amount of spatial autocorrelation. Thus, in conventional Kriging,
the weight, 1, depends on the established model for the measured points, on the distance to the location
of the forecast, and on the spatial relationships between the values measured around the location of the
forecast.

Results

As aresult of a combination vector layers with infrastructure objects of the Zvenyhorod hillfort as of the 18th
century from different maps, it is possible to see inconsistencies in the infrastructure, namely in the number and
location of buildings, although these maps were created in approximately the same period. Some buildings
displayed into the same place and differ in size. It can be related to different degree generalizations cartographic
products, or maybe there were in one of the maps certain inaccuracies of location buildings. But any in this
case it is not possible reject none information in the future radar and GPR research, so we leave it all vectorized
objects without changes. Map with applied vector layers of the infrastructure the 18th century Zvenyhorod
hillfort is presented in Figure 3.

Map of Zvenygorod hillfort

Legend

[ the buildings of the
Zvenigored hillfort
are shown on the
von Mieg map

- the buildings of the
Zvenygorod hillfort
are shown on the
Polish map

Y D boundary of the wall
of Zvenigorod hillfort
as of the 18th century|

Scale 1:1000

Figure 3. Map of the territory of the Zvenyhorod hillfort with 18th century infrastructure objects
(reduced image)

On this map, in addition to the topographic subbase with the objects of infrastructure of the Zvenyhorod
hillfort from archival cartographic materials, a legend with explanations for the conventional markings
and the scale is displayed.

Analyzing the combination of vector layers, it is possible to preliminarily highlight 6 objects of the
highest priority for future studies of vertical displacements (that is, those that are either completely or
partially superimposed according to the data of two archival maps of the 18th century). Two buildings
are located on the territory of the Zvenyhorod castle itself, the foundation of the defensive walls of
which collapsed, and the remaining buildings are outside its borders.

As vectorized in the Surfer software package isolines from the modern topographical plan, 2D and 3D
digital elevation models of the Zvenyhorod hillfort were built. The digital elevation model in 2D has
the form of a map of isolines on which red and yellow points of objects are applied depending on the
priority of further research. A digital elevation model in 2D is presented in Figure 4a. 3D mapping of
the DEM is implemented in the form of a frame model with marked of the same points of objects (Figure
4b ). The location of these points was analyzed taking into account the modern relief of the area. The
objects located within the Zvenyhorod castle are located on a relatively flat area, and not on slopes,
which can be a sign that confirms their priority. Behind the territory of the castle, where buildings are
displayed, the entire terrain is flat.
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Figure 4. DEM of the territory of the Zvenyhorod hillfort with marked objects of different degrees of
priority for further studies of vertical displacements: a) a map of isolines with objects drawn; b) DEM
in 3D with applied objects

Conclusions

As of 2011, a digital model of the terrain of Zvenyhorod hillfort was built in 2D and 3D. Vector layers
of vectorized infrastructure objects of the research object from two archival maps created in the 18th
century are superimposed on the DEM. The overlap of the infrastructure objects as of the 18th century
was analysed and the priority points for the study of vertical displacements of the Earth's surface were
previously determined, namely the places where the infrastructural objects on the two archival maps
coincide. According to the digital model of the relief, the places of infrastructural objects of the
Zvenyhorod hillfort were analysed from archival maps. It was determined that some objects on the two
maps do not match, although the cartographic materials are from the same period. It can be concluded
that these objects were applied to one of the cartographic materials by mistake or approximately, since
even the generalization of the data does not explain the difference in their location. Priority areas for
investigation for vertical displacements are marked red and yellow points of objects are applied
depending on the priority of further research. In general, 6 priority places have been identified for the
study of vectorial displacements of the Earth's surface at their location.
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