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Aim of this work is to establish and display the territory of the mass graves at the Raylivka village on modern
maps using the archive data. To define the place of mass executions and burials during the World War 1l using
interpretationa properties of the archival aerial images obtained by the Germans in 1944 and ground geophysical
researches. M ethods. Thereis proposed the method of determining the locations of mass graves by World War 11 that
combines remote methods (interpretation of images) and ground non-destructive methods (geophysical research).
Photogrammetric processing of archival aerial images in 1944 was divided into the following three stages:
transformation of the used materias to one coordinate system (in the case of archival aerial images transformation
was performed by reference points that were preserved); and overlaying of the images on this territory at different
times to determine the true boundaries of burid; and finally preparation of the final data. At the first stage archived
aerial image and modern space images were registered using software Erdasimagine with errors up to 3 meters were
stored in a format GeoTIF. Then there was implemented the interpretation of archival aeria images and transfer of
defined boundaries of mass graves into the current situation. The fina stage of this method is the generation of the
resulting research materias. Input data of the geophysical research was the data that were obtained by the
photogrammetric method. During the field works the following studies were carried out: a magnetic survey; research
by TER; georadar, and soil research. As aresult of studies alarge number of artifacts from World War 11 were found
and the boundaries of mass graves defined by photogrammetric method were substantially confirmed. Results. The
places of mass executions and burials of the World War 11 were preliminarily determined based on the interpretation
of archival aerial images obtained in 1944. With ground geophysical studies confirmed the fact of mass executionsin
the experimental area on the base of discovered casings from German arms. Also confirmed by photogrammetric
identification method was the | ocation of the mass graves. Scientific novelty. The proposed method that combinesthe
remote photogrammetric and ground geophysical research determination of mass graves of World War 11 alows
reliably and with reasonable accuracy determining its territory on modern maps. The practical significance.
Developed cartographic materials and researching results can be used to display historical events that occurred in the
area. The results of this work can be transferred to the Department of preservation of culturd heritage of Lviv as the
annex to the passport of cultural heritage object.

Key words. archival aerid image; remote sensing data; geophysical researches;, ground penetrating radar;
photogrammetric researches; mass graves.

I ntroduction such objects of historical and cultural heritage need

to be preserved in the memory of the tragic events
to prevent their recurrence in the future.
From the archival bibliographic sources we

In modern cities and villages of Ukraine can be
found many cases of neglect of historical and
cultural heritage. Through exploring the history of

monuments and their functions in the past, society
learns to understand their historical value and their
role in the future, the need for their preservation or
restoration. Memorial places relating specifically to

know that in 1942 Jewish ghetto was created in
Sambor, where Jews of Sambor was forcibly herded.
With the liquidation of the ghetto in 1943 all Jews
were transported to the forest, located near village
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Radlovitse (Ralivka) and there were shot dead
[http://mww.jewishheritage.org.ua].

Until now there was only information about the
approximate location of mass graves of Jews from
the destroyed ghetto, which were based on the
testimony of witnesses. Methods are based on the
interpretation of archival images combined with
non-destructive ground research can answer the
guestions about the exact location of mass graves
and the the descendants of the victims finally can
receive a response where their ancestors are buried.

Aim
The aim of this work is to establish and display
the territory of the mass graves at the Raylivka
village on modern maps using the archive data. To
define the place of mass executions and burials
during the World War Il using interpretational
properties of the archival aerial images obtained by

the Germans in 1944 and ground geophysical
research.

M ethods

The method of determining the locations of
mass graves from World War |l combines remote
methods (interpretation of images) and ground non-
destructive methods (geophysical research) was
presented.

The mapping of historical objects on the base
archival graphic materials were engaged a large
number of both domestic and foreign scientists,
among which mention the labors of Dyshlyk O.
Makarov S., M. Jasinski, M. Tdegin, Hnery V.,
E. Schmidt, Tolstova C ., N. Meyer, Kryvonovova
I. Shishkin K., Arnoud de Boer, Bartonek D.,
Garouani A. El, Alobeid A., Matgicek L., Ma-
tousek V., Remondino F. and others. These
researches reflected objects that have survived to
our times, or objects specified in combination of
remote sensing methods and archeology. Knowing
what to do when conducting archaeological
research is impossible and the remote sensing
methods do not give 100 % results? The answer on
for this question is the prepared technological
scheme for determining the mass graves from
World War |l through combining remote sensing
research methods with ground non-destructive
methods.

Ralivka experimental areas located near the
gponymous Village that near Sambir (Lviv region)
(Fig. 1).

The area represents a group of the mass graves
located in the forest of 40 to 150m from the
concrete road that leads to the abandoned military
base.

Fig. 1. Location of research area Ralivka

Within the area is also situated a memorial
complex, created in 1999-2001. In the forest there
are concrete columns, which according to the
testimony of local residents are remnants of fences
established by farmers around fraternal graves of
Jews murdered by the Nazis.

To determine the boundaries of the mass graves
the proposed technological scheme combines pho-
togrammetric research with metal detects and ground
geophysical research (Fig. 2). Results of pho-
togrammetric technology research in this scheme are
the input data for subsequent ground surveys.

Photogrammetric research

The main input materials for research to
determine the boundaries of mass executions and
burials as they were until 1944, served: a German
archival aerial image of this area in 1944; a plan
created in 2010 at a scale of 1: 1000; and a modern
gpace image of the research area that was obtained
from GeoEye-1 in 2009Interpreting the German
archival aerial image the damaged areas that likely
represent the mass graves are clearly visible, given
the number of Jewish population exterminated in
this area by Nazis during the retreat.

The technology processed image data to
establish the true boundaries of mass executions
and burials [Arnoud de Boer, 2010, Barton¢k D.,
2012, Matousek, V., 1994]. All work was
peformed in Mapinfo software and was
conditionally divided into 3 phases:
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- transphormation of materials used in a
conventional uniform coordinate system (in the
case of archival aerial image carried out by
transphormation anchor points, and preserved);

- unification of the images of this area for
different dates and to determine the true limits of
burial;

- preparation of finished materials.

Analysis of input data

Photogrammetric resear ch
Geometric correction of aerial and
cartographic material

- =

|

|

|

I The interpretation of archival aerial
I | imagesand defining the boundaries
| of damaged areas
|

|

|

|

< -
Generation of plans of resear ch
results for future geophysical
research

Metal detector and geophysical
resear ch for materials of results of
photogrammetric research

Metal detector survey of the
areas
Survey areas by a method
TER
Georadar survey of areas

J4_C* 34 T = T
Comprehensive inter pretation of

surveys of areas that identified
using photogrammetric research

Analysis of theresults

Fig. 2. Technological scheme of determination
of the places mass graves using photogrammetric, metal
detector and geophysical research

Transformation of materials used to
conventional uniform coordinate system.

With the help of Mapinfo Professional all
graphic materials listed above were reduced to a
uniform conventional coordinate system in the
internal projection applications Layout (meters).
Accuracy anchor graphical materials are as follows:

Plan created in 2010 at the scale 1:1000 — 1
pixel that is a valid value as the previous
calculation accuracy amounted to 2 pixels;

Archival aerial image obtained in 1944.
(US National Archives) — a preliminary geometric
correction of the image was conducted using Erdas
Imagine in consegquence of which the image was
transformed;

The correction was peformed for 9
reference points with mean square error to 2 pixes
that are within an alowable value since the
previous calculation accuracy was to 5 pixels;

A modern space image of the research area
obtained from the GeoEye-1 satellite in 2009. A
preliminary geometric correction of the image was
carried out with the help of Erdas Imagine. The
correction was performed over 9 reference points
was obtained with a mean square error to 1 pixe,
which is within the permissible value, since the
preliminary accuracy calculation was up to 2 pixels.

Combining the images on this area for different
times and determination the true boundaries of
graves [Blazkova, T., Matousek, V.,2008,
Remondino, F., 2006].

Combining of images performed in the follo-
wing sequence:

combined a plan created in 2010, scale 1 :
1000 and German archival aerial image obtained in
1944, from which was moved deciphered
boundaries forest aress;

combined modern space image and archive
German aerial image obtained in 1944, from which
was moved deciphered boundaries of possible
burials.

Preparation of finish materials
The finished materials of plans were reduced to
a scale of 1: 1000. All graphical documents have
been prepared using Maplnfo and reduced to A2.
Thefinal result isagraphical documentation for
further ground research:
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- Photoplan the territory of modern situations
in 2010 that marked on the aerial image in 1944,
Ralivka, Sambir district, Lviv region (Fig. 3).

- Plan of the modern situations in 2010 with
the marked of the boundaries of fraternal gravesin
1944, Ralivka, Sambir district, Lviv region (Fig. 4).

Methods of ground research

Ground studies included a metal detector search
and geophysical measurements on the areas of
fraternal graves deciphered with archival aerial
photographs. Also measurements were performed
on other possible locations of graves, these include
that from local residents with uncertain rdiability
of sources.

Geophysical performed was using various
methods.

In order to study the vertical structure eements of
the burial complex, included finding mass graves and
determining their size and depth. This study was
performed by ERT — dectric resistivity tomography
using multi-ingtalation [Khomenko et al., 2013] with
agep of 0.5 and 0.25 cm between dectrodes.

Georadar observations were executed using the
device VIY-2 production “Transent technologies’
(Kyiv, Ukraine), which has afrequency of 300 MHz

Magnetic research was performed using cesium
magnetometers PKM-1 (Heolohorazvedka, Russia).

Accordingly topographic plan geophysical
surveys were carried out along profiles and the sites
indicated in Fig. 5.

In the vicinity of the Memorial was made 5
rides which included conducting specialized
geophysical observations, magnetometric, and
georadar (WP1-PR5). According to one account
laid rides ERT.

Most of the mass graves, were laid from aerial
images deciphered in 1944 from three profiles
(PR11-PR13), which allowed georadar and
geoelectrical study.

At Tomb 4 (photogrammetric surveys) the area
is marked with dimensions 18 27 m. Within the
area magnetometric and georadar observations were
made.

In Grave 5 (determined from dubious sources) a
detailed magnetic surveys and georadar measure-
ment plane and a profile of ERT was performed.

Also magnetic surveys with an area of 15" 15m
at the Tomb 6 were made (determined from
dubious sources). Within the area a failure depth of
1.2 m was recorded probably the root system of a
treethat fell (similar failures are found).

Fig. 3. Reduced example of Photoplan in modern stuation
for the year 2010 put on aerial image obtained in 1944
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Fig. 4. Reduced example of the plan of the modern situation
for the year 2010 coated outside of fraternal graves as of 1944

Results

The results of the metal detector survey

In addition to debris inn the area by using the
metal detector 30 artifacts were discovered from the
Second World War. This included a sleeve from a
Mannlicher rifle and a Mauser, a TT pistal,
ammunition, a coin dated 1941, and metal clothes
elements (Fig. 6).

The most informative finding for setting places
of shooting is sleeve because it is actually at the
scene of the crime.

Within the surveyed sites eight shell casings
from bullets and four cartridges 50 x 8 to R rifles
Manlihera 1886/90, 1888/90, 1895 were found.
After the seizure of Austria by Nazi Germany in
1938, a significant number of captured rifles
Manlihera Austrian military depots entered service
German security and police forces, including
special groups formed for the destruction of the
Jewish population in the occupied territories of the
USSR: aynzatshrupy (Ger. Einsatzgruppen der
Sicherheitspolizei und des SD, shorten. EG — target
groups, group expansion); of the Auxiliary Police
(Hilfspolizei) and subordinate battalions punitive
Schutzmannschaft-Bataillonen ~ (Ger.  shorten.

Schuma — security team from Schutzmann —
shooter) [Kashevskyy, 2004].

Within the research area come five cartridges
and one bullet of Mauser rifles and carbines 1888,
1898, 1898k. The Mauser rifle 1898k was the main
weapon of ground forces of the Third Reich
[Beetle, 1992; Shaulskyy et al., 1997].

Sleeves of Mannlicher rifles and Mauser
centered around the fraternal graves which were
deciphered from aerial photographs. Balls of these
rifles and ammunition pistol TT, and items of
clothing were found far from the graves.

Results of geophysical investigations and
their complex interpretation
In order to understand what geophysical
markers may be declared as characteristics of mass
graves it is necessary to clarify the question of the
construction of graves and conducting executions.
The construction involves primarily the grave's
destruction of the natural soil structure. If filling
graves differ in their physical properties from the
surrounding soil, the device records the correspon-
ding geophysical anomaly. It should be taken into
account that natural genetic soil horizons
significantly differ in chemical, physica and
electrical properties.
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Fig. 5. Scheme of the areads and profiles of geophysical studies on topographical plans
of the places of mass executions near the village Ralivka

Fig. 6. The spatial distribution of the findings on the topographical plans
of places of mass shootings near the village. Ralivka
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Soil study site is sodpodzolic. Its main feature
is the presence of alluvia horizons. Within
podzolic clay particles, mineral and organic
substances were made with water from the upper
aluvia layer of soil deposited in the lower part,
forming a kind of barrier, or boundary, which is
diagnosed using probing geophysical methods. The
aluvial horizon is a light, sandy texture, density
with moving dectric charges that are very low,
hence high resistance [Banton e al., 1997,
Pozdnyakov et a., 1996, Ardekani et al., 2014].

An example is the background geodectrical
section PR2 (Fig. 7), which has a three-layer
structure: the top (eluvia) layer (0-0.7 m) is
characterized by high electrical resistance values
(60-300 Homme), in the low layer, but at depths
> 2.5 mitsresistance increases again.

Thus, a sign of the natural structure of this
geoedlectrical section in the area of research is the
availability of a high-resistance layer at the top.

However, remember that layers with high
resistance can be created artificially. A striking
example is the embankment on the macadam path
and around the symboalic graves. They areillustrate
a good georadar method.

Comparison electrical resistance tomography
results and profiles on georadiolocation PR11,
PR12 and PR13 geophysical criteria were used to
determine the presence of mass graves. Heres the
availability of high-resistance breaks in the
continuity of the upper layer. It should be borne in
mind that the data recorded by visual inspection
and georadiolocation macadam mound anomalies
can also create high resistance on the surface of a
mass grave (Fig. 8-9).

Thus, the profiles PR11 undisturbed alluvial
horizon is present only in the eastern part, ranging
from 23 m at the beginning of the profile.

In a high-profile the PR12 horizon disappearsin
12 m and resppears in the range of 20.5-25.5. Other
arees associated with high resistance path include
poured gravel, and crushed stone “pads’ near the
symbolic burial mound. In strict compliance with all
criteria on geophysical profiles PR12 can identify the
boundaries of two separate pits (Fig. 9).

The high contrast horizons cut by eectrical
resistance within PR13 profile do not allow to per-
form the field data inversion method with a regu-
larized objective function combined with the weigh-
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ted average method of least sguares [Binley and
Kemna, 2005], which implemented the program Pro-
fileR. Thus, in Fig. 9, and the results are presented
using the Occam inversion program ZondRes2d.

In areas where precision made magnetic pickup,
anomalies that may be associated with mass graves,
were found.

Thus, geophysical methods significantly limit
one of the fraternal graves in the memorial complex
where at least two trenches were found.

Using the results of geophysical studies failed
to clarify the binding of aerial images in 1944.
Focus was shifted 11 meters to the northeast, which
compared with the previous, desk geometric
correction.

Refined topographical situation on the memo is
shownin Fig. 11.

Important markers to establish the spatial limits
of executions carried out superficial findings during
World War 1l. Evidence of acts of destruction of
the Jewish population in the village Ralivka
includes shells and bullet ammunition.

Theillustrations clearly show the material (liner)
and intangible (geophysical) evidence of mass gra-
ves confined to the area of the memorial complex.

The biggest brotherly grave, marked with
resulting photogrammetric studies and confirmed
by geophysical methods, allowed confident stating
the effectiveness of the combination of these two
technol ogies.

Scientific novelty and practical significance

The technique that combines photogrammetric
and remote ground geophysical surveys in
determination of mass graves from the World War
I, with reiably and with sufficient accuracy to
determine the memorial places on modern maps.

This technique complements the results of
remote sensing methods for determining destroyed
historical sites that do not provide 100 % accuracy
of their location, together with ground nondestruc-
tive investigations in the case where the
archaeol ogical survey impossible.

The resulting cartographic materials and
research results should be used to display historical
events that occurred in the study area. Results of
this work offer property preservation of the cultural
heritage department of the Lviv regional council, as
an object of cultural heritage passports.
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Fig. 11. Specified boundaries of fraternal gravesin the
results of photogrammetric and geophysical of research
in the plan of the place of mass executions during the
Holocaust at the village Ralivka

Conclusions

As a result of the processing, the complex
technology contained a compatible combination of
distance learning methods for determining the mass
graves following metal detector and geophysical
surveying which discovered perturbed terrain, and
received the following:

- in GIS Maplinfo and Erdas Imagine are
created inspection plans for such perturbed land
areas as in 1944, which is likely mass grave
territories including events that occurred in the area
during World War 1.

- metal detection determined by examination
of the spatial distribution of the findings from the
Austrian rifle cartridges and shotgun Manlihera
system “Mauser” gave a marked search area of the
mass graves, which actually was a zone of
executionsin 1944

- unification of results obtained by methods of
electrical resistance tomography and georadio-
location accounts allows geophysical criteria to
recognize the presence of mass graves having a
high-resistance gap in the continuity of the upper
layer. It should be borne in mind that the data
recorded was by visual inspection and geora-
diolocation macadam mound anomalies can also
create high resistance on the surface of a mass
grave. Integrated use of these methods avoid
erroneous interpretations.

- as a result of the comparison data geo-
physical observations with modern topographic
situation and archival aerial images in 1944
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established the location of one of the graves, and
binding of the specified picture.

Ground inspection area defined by photo-
grammetric study results revedled a significant
number of artifacts from World War I1, confirming
the holding of mass executions in the area. Also,
geophysical methods confirmed the location of the
largest mass graves identified wusing the
photogrammetric method.

The foregoing suggests the effectiveness of the
proposed method combining two technologies at
research sites of mass executions and burials
without destructive interference in the soil layer,
which is important for the Jewish rdigious
community.
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JI0 €MUHOI YMOBHOI cCHCTeMH KoopauHat (y pasi apxiBHOrO aepo3HiMKa reOMETpUYHA KOPEKIlisi BHKOHYBAalach 3a
OMOPHUMH TOYKAMH, IO 30eperjucs); CHHTe3allis 300pakeHb Ha IO TEPUTOPIIO 3a Pi3HI YacH Ta BH3HAYCHHS
ICTHHHUX MEX TI0XOBaHb, IIATOTOBKA BUXIMHUX MarepianiB. Ha mepiroMy erami 3apeecTpoBaHO apXiBHI aepO3HIMKH
Ta CyJacHUH KOCMIYHHI 3HIMOK y mporpaMHomy maketi Erdasimagine 3 moxubkamu 10 3 meTpiB i 30epekeHi B
¢dopmati GeoTIF. Jlani BinOyBanack iHTepmpeTaliss apXiBHOI'O aepo3HIMKa Ta IEPEHECeHHS MEX Jemn(poBaHUX
OpaTCHKMX MOTHJI Ha CyJacHY MICTOOYAIBHY cuTyallifo. KiHIIEBUM eTaroM IOr0 METOJTy € TeHepallis Pe3yIbTyHOUnX
MaTepiajiB JIOCHiPKEeHb. BXiAHUMHM JaHUMH JJIsI TPOBEJCHHS Teo]i3MYHUX JOCTIDKEHb OyIM pe3yiabTaTH
TEOMETPUYHOI KOpeKIii Ta Aemu(pyBaHHs Ha aepO3HIMKaX TEPUTOPI MacOBUX MOXOBaHb. [1if yac podounx BHi3IIB
BUKOHYBAJIMCS TaKi JIOCHTI/PKEHHS: MarHiTHEe 3HIMaHHS, METaJOJIETEeKTOPHUI IOIIYK Ha BCIH TepUTOpIi 3arajom Ta
MepeBipKka MAarHITHUX aHOMaJIif; MOCTIUKCHHS MeToAoM ToMorpadii eJeKTpHYHOro OIopy; TeopajapHi Ta
I'pyHTO3HaBYI jociimkeHHs. PesyabraTu. Ha ocHoBi iHTeprperauii apxiBHUX aepo3HiMKiB 1944 poky nomnepeaHbo
BCTaHOBJIEHI MiCIsl MacoOBHX PO3CTPUIIB Ta MOXOBaHb 4aciB [lpyroi cBiTOBOi BiiiHM. 3a JOMOMOrOI MeTajoje-
TEKTOPHOTO OOCTEXEHHsI IIATBEPIKEHO (aKT MAcOBHX PO3CTPLTIB HA JOCITIIHIA TEPUTOPii HA OCHOBI 3HAWIEHHX
TiIb3 BiJ HiMelbKoi 30poi. HazeMHMMHU reo(i3WYHUMH JOCTIKEHHSIMHU TaKOXX BU3HAYEHE PO3TALIYBAHHS CaMHX
OpaTChbKUX MOTWII, IO, CBOEID YEProl0, Jajo 3MOTy YTOUYHHTH HPOCTOPOBY IPHUB’SI3KY IMX Ta IHIIMX 00 €KTiB Ha
aeposHimMkax 1944 poky. HaykoBa HOBH3HA. 3aponOHOBaHA METOIUKA, IO 00’ €AHYE MUCTaHINMHI (HOTOrpaMMer-
pHYHI Ta Ha3eMHI METAJOAETEKTOpHI i reodi3WyHi NOCHIIKEHHs BH3HAYEHHS MacoBUX ITOXOBaHb 4aciB [Ipyroi
CBITOBOI BifHM J]a€ 3MOTYy JOCTOBIPHO Ta 3 JOCTaTHHOIO TOYHICTIO BH3HAYaTH MEMOpIialbHI MiCIll Ha Cy4acHHX
kaprorpagiuHux mMatepianax. L[ Meroquka TONOBHIOE PE3yJIbTaTH JUCTAHIIIHHIX METO/IB BU3HAUYEHHS 3pyHHOBaHUX
icTOpUYHMX 00’ €KTiB, 10 He AatoTh 100 % TouHOCTI TXHBOI JIOKAaTi3allil, HA3eMHUMH HEPYHHIBHUMHY JOCTIHKCHHAMU
y BHIAJKY, KOJIHM apXeoyoriuHi oOcrexxeHHs HeMoxJmBi. IIpakTmuna 3HauymicTb. OTpumani kaprorpadivHi
MaTepiajy Ta pe3yJabTaTH JOCHTIPKEHb OUUIEHO BUKOPUCTATH VISl BiJOOPa)KeHHs iICTOPUYHUX TOAIN, MIO BiAOYIUCH
Ha JIOCJIJDKYBaHIH TepuTopii. 3acTocoBaHa KOMIDIEKCHA METOIMKA Jajla 3MOTY MiATBEpAUTH (DAKT MacOBHX
PO3CTPLNIB 1 HAasIBHICTh MOXOBaHb 0€3 PYWHIBHOTO BTpY4YaHHs JO IPYHTOBOTO LIapy, IO Ma€ BEJIUKE 3HAYEHHS IS
MIPE/ICTABHUKIB €BPEHCHKOI pelniriiHoi rpoMaau. Pesymbratu 1iei poOOTH NPOMOHYIOTHCS BiIJIUTY 30€peKeHHs
KyJIbTYpHOI criaaumuHu JIbBIBChKOI 00JaCHOT paju sik 1oaatok 1o [lacropra 00’ €KTa KyabTypHOI ClIaAIIuHH.

Kniouosi cnoea: apxXiBHWHA aepoO3HIMOK; AaHI JWCTaHLIHHOTO 30HIYBaHHsA 3eMili; reodi3wyHi JOCIiIKEHHS;
(hoTorpaMMeTpUYHI JOCITIHKEHHs; OpaTChKi MOTHIIH.
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