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The purpose of the research is to determine the location of the mass graves of Jews in Vynnyky near
Lviv based on eyewitness accounts and archival aerial photographs of 1944, creation of the DEM of the
territory of burials on aerial photographs of 1944 and on the basis of aerial survey from UAV in 2015
and comparison of created models. To accomplish this task the workflow is proposed, which provides
successive steps. This workflow includes the following stages: creation of an orthophoto map and
elevation map according to aerial survey data of 2015; elaboration of a stereo pair of German aerial
photographs of 1944 and obtaining contour lines of the relief for the war period; interpretation on
archival aerial photographs of the territory of the mass grave according to the approximate location
indicated by eyewitnesses and determination of its area; construction of vector maps on the territory of
the mass grave for 1944 and 2015; analysis of the DEM of 1944 and 2015 in the place of the mass grave
and drawing conclusions. As a result of processing the input data, the mass grave was clearly interpreted
and it was determined that the difference in height of its boundaries for 1944 was from 20 to 36
centimetres, the difference in height for 2015 on the part of boundaries of the grave was from 15 to 20
cm. Height differences are observed in the rest of the territory, which belongs to the mass grave and
beyond. From this we can conclude that after many decades, despite human intervention and agricultural
plowing, the elements of soil subsidence in the grave are still preserved.
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Introduction

The search for hidden burial places of victims of wars and totalitarian crimes poses a major challenge.
Data from historical documents very rarely specify the location of graves accurately. All this makes it
necessary to use methods that help to reveal the places sought. During World War II, aerial images
became one of the most important tools for warfare reconnaissance. The effectiveness of bombardments
was photographed, targets were identified and occupied areas were inventoried after the end of
hostilities. Thus, today we have a huge number of aerial images available, in which the victim's burial
sites have been accidentally recorded. Aerial photography is often helpful not in the direct location of
the burial, but in determining what the site under investigation looked like at a time, which, in an indirect
way, contributes to finding burial places. When analyzing the site, we often use aerial images taken by
different parties to conflict at different times. The territory of Lviv region during the Second World War
was very populated by Jews. This led to mass shootings and the appearance of a large number of mass
graves during the Holocaust.

It should be noted that the problem of searching for mass graves in archival aerial photographs, as one
of the non-invasive research methods, has been studied by many domestic scientists (Chetverikov and
al., 2016, 2017) and scientists from other countries (Fiedler and al., 2009; Ossowski and al., 2018), but
all these research methods, although based on photogrammetric processing of aerial photographs, are
quite different from each other due to a conjugations of different combination of complementary
studies. We also presented one of the possible variations of the combination of research methods based
on the photogrammetric method of aerial photography and analysis based on DEM.

The purpose of the research is to determine the location of the mass graves of Jews in Vynnyky near
Lviv based on eyewitness accounts and archival aerial photographs of 1944, creation of the DEM of the
territory of burials on aerial photographs of 1944 and on the basis of aerial survey from UAV in 2015
and comparison of created models.

The input data for the research were 119 aerial photographs obtained from the Trimble UX5 UAV on
the territory of Vynnyky and a stereo pair of archival aerial photographs of March 13, 1944 with
longitudinal overlap of about 80% and the scale of 1: 9500.

Method

Since the main task of the work was to interpret the mass grave in Vynnyky on the stereo pair of archival
aerial photographs of 1944, determine its area and analyze digital terrain models for periods of 1944
and 2015, the workflow is proposed, which provides successive steps. This workflow includes the
following stages: creation of an orthophoto map and elevation map according to aerial survey data of
2015; elaboration of a stereo pair of German aerial photographs of 1944 and obtaining contour lines of
the relief for the war period; interpretation on archival aerial photographs of the territory of the mass
grave according to the approximate location indicated by eyewitnesses and determination of its area;
construction of vector maps on the territory of the mass grave for 1944 and 2015; analysis of the DEM
of 1944 and 2015 in the place of the mass grave and drawing conclusions.

The orthophotoplan and elevation map for the territory of Vynnyky, near Lviv, were built based on 119
images using Agisoft Photoscan software. 37 contour points were used in the formation of the
orthophotoplan (Figure 1). Archival German aerial photographs were processed using the software
products ERDAS IMAGINE and Digitals. Since the German images of 1944, obtained from the US
archives only in the form of scanned negatives and elements of orientation were absent, there was a
need for their geometric correction (transformation).

The geometric transformation of each of the pair of images was performed in the ERDAS IMAGINE
software package on 19 reference points of the preserved objects. Coordinates of reference points were
obtained from a previously created orthophoto plan of 2015. After geometric correction, the images
were saved in GeoTIFF format and uploaded to program Digitals to obtain relief elements (Figure 2).
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Figure 2 Overlapping area from the stereo pair of aerial pizgiégraphs of 1944 with the marked area
of the mass grave

Results

The first step was to interpret the territory of the mass grave in the transformed German photographs of
1944 and determine its area. With the help of eyewitnesses, the approximate location of the grave was
determined. This place was then studied in detail in a German aerial photograph and the boundaries of
the mass grave were interpreted (Figure 3). The land plot on the territory of which the mass grave is
located is disturbed due to human intervention. The texture of the surface is significantly different from
the surrounding areas. The disturbance is heterogeneous, which is different from the land that has been
disturbed for agricultural crops.

Figure 3. The territory of the mass grave is interpreted in a German aerial photograph of 1944
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It was determined that according to the aerial photograph, the area of the mass grave has an irregular
shape and is 939.6 m2.

The next step was to save a fragment of 2015 elevation map on this area and the relief elements of 1944
in separate files for further import them into the Surfer software package for modeling. A fragment of
the elevation map of 2015 was saved in the form of coordinates of points with altitudes in the format
with the extension * .txt, and the relief elements of 1944 in the exchange format * .dxf, as the most
suitable format for further import into Surfer software.

Then, the files with the elements of the relief of the mass grave territory formed at the previous stage
for 1944 and 2015, were imported into the Surfer software. After that, two DEMs were built by the
method of the nearest neighbor, as the area of grave is quite flat without rapid height differences (Figure
4,5).

Figure 4. The DEM of the mass grave territory Figure 5. The DEM of the mass grave territory
created on the stereo pair of aerial photographs created on the elevation map of aerial
obtained in 1944 photography in 2015

For more effective analyze of the two digital terrain models of 1944 and 2015, the maps of vectors have
been created to better identify how in general the relief is changing in different parts of the studied
territory and to compare these changes between two periods. (Figure 6,7).
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Figure 6. The map of vectors of the mass grave Figure 7. The map of the vectors of the mass
created on the stereo pair of aerial photographs grave created on the elevation map of aerial
obtained in 1944 photography in 2015

Analyzing the digital elevation model and the map of vectors for 1944, the boundary of the mass grave
is clearly distinguished, as the difference in height between its edges and the rest of the territory is from
20 to 36 cm, depending on the section of boundary.
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Analysis of digital terrain model and vector map for 2015 of the mass grave area showed that the
characteristic height differences on the former grave boundary are observed only in the left right corner
of the grave and in some areas of the southern border. The values of height differences are from 15 to
20 cm. It should be noted that height differences are observed also in the rest of the territory, which
belongs to the mass grave and beyond. This can be explained by many years of human intervention and
agricultural plowing.

Conclusions

The method of creating digital terrain models of immovable polygonal objects of historical and cultural
heritage using the stereo pairs of archival German aerial photographs from the Second World War and
modern aerial data from unmanned aerial vehicles, which was performed in 2015, is presented. As there
were no elements of orientation for the stereo pair of archival aerial photographs, the images underwent
the geometric correction according to aerial photographs in 2015, using the contour points of objects
that have not been changed. As a result of processing the input data, the mass grave was clearly
interpreted and it was determined that the difference in height of its boundaries for 1944 was from 20
to 36 centimeters, the difference in height for 2015 on the part of boundaries of the grave was from 15
to 20 cm. Height differences are observed in the rest of the territory, which belongs to the mass grave
and beyond. From this we can conclude that after many decades, despite human intervention and
agricultural plowing, the elements of soil subsidence in the grave are still preserved.

The research results can be used to create a passport and registration card of a historical and cultural
heritage site. Research materials can also be used by departments of the Ministry of Culture to create a
memorial.
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