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AERIAL ARCHAEOLOGICAL INVESTIGATIONS IN TRANSYLVANIA.
THE AERIAL ARCHAEOLOGICAL ARCHIVE OF TRANSYLVANIA AT
THE INSTITUTE OF ARCHAEOLOGICAL SCIENCES OF
THE EOTVOS LORAND UNIVERSITY, BUDAPEST

Zoltdn CZAJLIK'
David BARTUS'
Lészl6 RUPNIK”

Between 2009 and 2019 we conducted aerial archaeological research in Transylvania and in Western
Romania 11 times, spending 114.85 hours in the air. The research was funded by Hungarian and Romanian
research funds (OTKA, CNCS-UEFISCDI), the Institute of Archaeological Sciences of the Edtvos Lordnd
University (hereafter IAS ELTE) Budapest, the Satu Mare County Museum (Satu Mare / Szatmdrnémeti),
the Mures County Museum (Targu Mures / Marosvdsdrhely) and the National Museum of Union (Alba
Iulia / Gyulafehérvdr). More than 12 000 digital recordings were taken during the flights which will be made
accessible for the scientific community via a web-based searchable database, operating on the backend server
of the IAS ELTE. The terms of use include registration, accurate description of the technical details of the
images in the scientific publication, and a reference to this paper and to the ID generated by the database.

Keywords: database, aerial archaeological research, Transylvania
Cuvinte cheie: baza de date, cercetare arheologica aeriana, Transilvania

AERIAL ARCHAEOLOGICAL RESEARCH IN TRANSYLVANIA

The early history of the Romanian aerial archae-
ological research has recently been briefly
summarized by Irina Oberldnder-Tarnoveanu
and Carmen Bem.' Several details and addi-
tional data on Transylvanian research of the
past 30 years can be learned from the studies of
Alexandre Simon Stefan® and from the review of
Gabriel Emanuel Rus.’

The first aerial photographs of archeological
sites in Romania were taken by Carl Schuchardt
in 1918 in the area between the Black Sea and the
Danube.* The first systematic aerial archaeologi-
cal prospections were carried out in the region
of ancient Histria, between 1928 and 1943.° As
far as we know, the aerial photographic research
in Transylvania started only a little later; Aladar

* Institute of Archaeological Sciences, E6tvos Lorand University, Budapest, czajlik@caesar.elte.hu, bartus.david@btk.elte.hu.
" MTA-ELTE Research Group for Interdisciplinary Archaeology, Budapest, rupnik laszlo@btk.elte.hu.

! OBERLANDER-TARNOVEANU-BEM 2009, 62-66.
2 STEFAN 1999, 261-262; 2019, 10-18.

3 Rus 2015.

4+ OBERLANDER-TARNOVEANU 2010, 389.

> STEFAN 2019, 10-12.

MARISIA 2, 2020, p. 7-18.



8 Z.CzAJLIK — D. BARTUS - L. RUPNIK

Radnoti studied the western part of the limes in
Roman Dacia on the basis of recordings taken
for cartographic purposes in 1940.° After World
War I and until the 1980s Emil Condurachi and
Dinu Adamesteanu had played an important
role in this area.” The former being the first direc-
tor of the Archaeological Institute in Bucharest
from 1954 had presented the results of several
research projects - focusing mainly on ancient
remains - at exhibitions abroad (Paris, Vienna).®
Among the results of the period up to the
1970s, the investigation of the famous prehis-
toric fortification system at Santana should be
pointed out, whose orthophoto taken in 1965
has already contained the basic topographical
results known today.” Dinu Adamesteanu, who
founded the Italian National Archive of Aerial
Photography (the Aerofototeca Nazionale,
Rome) in 1958, assisted the Romanian research
with sharing his experience with founding
grants and organizing exhibitions.”” He also
contributed to the establishment of an aerial
photographic research department (Sectia de
cercetdri aerofotografice si evidenta centralizatd
asiturilor arheologice), which operated between
1978 and 1987 at the Directorate of National
Cultural Heritage of the Romanian National
Museum of History."" His student, Alexandre
Simon Stefan, investigated 250 archeological
sites in Romania between 1970 and 1986 by
using orthophotos, from 1979 he supplemented
the analyses with oblique photographs, too."* He
primarily focused on prehistoric fortifications
in the Timisoara—Arad area, as well as on the
study of the Danube limes in Dobruja."’ Further-
more he dedicated several papers also to the

¢ RADNOTI 1946.

7 OBERLANDER-TARNOVEANU-BEM 2009, 62-64.

8 STEFAN 2019, 13.

® STEFAN 1999, 264; ck. GOGALTAN-SAVA 2010, 13.
10 OBERLANDER-TARNOVEANU-BEM 2009, 62-64.
' STEFAN 2019, 15.

12 STEFAN 1999, 261-262.

topographyofancient Histria.'"* Lastbut notleast,
Ioana Bogdan-Caténiciu should be mentioned
from this period, who successfully investigated
not only the neighborhood of Alba Iulia but also
the Danube limes."

Based on this short overview, we can
conclude that before the collapse of the commu-
nist regime in Central and Eastern Europe aerial
archeological research in Romania stayed ahead
of other former socialist countries in terms of
skilled specialists and its organizational and
operational background. However, research
programmes barely concerned the territory of
Transylvania before 1990 especially after Alex-
andre Simon Stefan had left the country in
1986, aerial archaeological research has been
suspended also in Bucharest.'®

In order to boost aerial archaeologi-
cal research in former socialist countries, the
AARG (Aerial Archaeology Research Group),
the largest European aerial archaeological
research organization, regularly organized
training courses for young researchers. Ioana
Oltean, who participated in one of these train-
ings in Hungary in 1996, has started to carry
out modern systematic aerial prospection in
Romania from 1998 with William Hanson
(Glasgow University). Alike previous photo-
graphic investigations, their activity has mainly
targeted the Dobruja Region, although impor-
tant new sites have been identified in the Olt
valley, in Western Muntenia and in the south-
ern region of the Mures Valley, in Transylvania
as well.'”” While previous Romanian researchers
focused primarily on exploring already known
sites, an important goal of their plan has been to

'3 His most important publications related to our topic: STEFAN 1977; 1986; 1999; 2019.

!4 Summarizing: Stefan 2019.

1> BoGDAN-CATANICIU 1996, OBERLANDER-TARNOVEANU 2010, 389.

1 OBERLANDER-TARNOVEANU 2010, 389.

7 HANSON 1999; OLTEAN-HANSON 2001; HANSON-OLTEAN 2003; OLTEAN 2007; OLTEAN-HANSON 2015.
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identify, map, and interpret new Roman period
sites in a GIS-based environment. In addition
to the conventional aerial prospection meth-
ods, recent and archive orthophotos, commer-
cial satellite images,'* and more recently ALS
technology have been involved in order to meet
this purpose.”” The most significant sites inves-
tigated in the Mures Valley are the fortifications
of Micia,* Rézboieni and Cigmau.*!

Since 2007 Zsolt Visy and later mostly his
student, Maté Szabd have studied the eastern
borders of the Roman Empire in Transylvania.”
Among the results published in popular-science
literature” the documentation of the fortresses
in Szeklerland and the results of aerial prospec-
tions conducted above snow-covered land-
scapes have to be pointed out, since the latter
ones have not only revealed the Roman Period
camps and watchtowers of the eastern limes,*
but they also have yielded new information for
mapping the prehistoric(?) burial mounds and
the linear medieval ramparts.*Andras Sofalvi,
archaeologist of the Hadz Rezs6 Museum
(Odorheiu Secuesc / Székelyudvarhely) also
provided significant data in the field of aerial
photographic exploration of the Transylvanian
rampart system and the medieval fortifications.*

As a result of Dan Stefan and Maria

8 OLTEAN-HANSON 2015, 890.

1 OLTEAN-HANSON 2017.

2 OLTEAN ET AL. 2005.

2 OLTEAN-HANSON 2015, 890-892.

22 PANCZEL ET AL. 2011; 2014; SzaBO 2018, 164-165.
2 ORBAN ET AL. 2008; PANCZEL-SZABO 2015; Visy 2008.
24 HOPKEN ET AL. 2016.

%5 SzABO 2016, 244-257.

% SOFALVI 20115 2013; 2019.

77 STEFAN-STEFAN 2014.

8 STEFAN-PoPA 2017.

» STEFAN ET AL. 2015a, 2015b.

3 KAVRUK ET AL. 2019.

31 MARTA ET AL. 2010.

32 RADEANU-FODOREAN 2010.

3 MARrRcU-CUPCEA 2011.

3 NEGULA ET AL. 2020.

% MISCHKA ET AL. 2018.

Magdalena Stefan work important discoveries
have recently been made by implementing UAV
aerial photography, e.g. in the area of Varful lui
Crai (World War I, Roman Period)? or in East
Transylvania, where Late Bronze Age® and Iron
Age” settlements and Neolithic and Bronze Age
salt exploitation areas® were investigated.

In the last decades a promising tendency
can be observed: more and more studies apply-
ing aerial archeological and remote sensing
research in Transylvania are released. Beside
some detailed studies about Bronze Age settle-
ments in Western Romania®! the data process-
ing work focuses on the Roman Period. Virginia
Réddeanu and Florin Fodorean analyzed aerial
photographs to identify Roman roads and villas
in Dacia,* Felix Marcu and George Cupcea dealt
with the centuriation of Ulpia Traiana,” Iulia
Dana Negula with her colleagues conducted
very detailed remote sensing research in the area
of Micia** and also the geophysical investiga-
tions at Razboieni-Cetate were based partly on
aerial archaeology.”” One of the most important
endeavors was the PoroLimes Roman landscape
archaeological project around Porolissum, in
the framework of which orthophotos and UAV
pictures with multispectral satellite imagery and
LiDAR techniques were combined.*

3% OPREANU 2014; ROMAN ET AL. 2016a; 2016b; 2017; RoMmAN-URsU 2016.
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THE AERIAL ARCHAEOLOGICAL COLLECTION OF TRANSYLVANIA AT THE IAS ELTE

The Transylvanian aerial archaeological
research project which we established together
with Sandor Berecki started in 2009 and the last
aerial picture was taken in October 2019 (Fig. 1).
In contrast to most of the above-mentioned
projects, we aimed to organize our work regard-
less of chronological aspects, we tried to docu-
ment - and if it was possible, to detect new
- archaeological sites from the prehistory to
the modern ages. Bearing in mind the latter
purpose our prospections were planned mostly
for the early summer period. For similar reasons
we also tried to arrange flights during snowy,
leafless periods, however these missions mostly
failed because of the uncertain weather condi-
tions during or at the end of the winter season.
The best-studied zone of our prospection flights

/i

Q 1. Satu Mare / Szatmarnémeti

® 2009 e 2011 ¢ 2013 = 2015

A 2010 4 2012 e 2014 = 2016

Q 2. Targu Mures / Marosvasarhely

is the central, widening part (vale) of the Mures
Valley, where both climatic conditions and the
large-scale agriculture proved to be favorable
for the identification of crop marks. Beside the
Roman settlements, which are relatively easy
to detect, we tried to perform a more complete
documentation of the Celtic settlements and
cemeteries, as well as of fortifications and burial
mounds of various periods in whole Transylva-
nia. We participated in the aerial documentation
of the rescue excavations prior the construction
of the south Transylvanian highway.

In addition to the exhibitions organized in
Transylvania (Targu Mures / Marosvasarhely
and Alba Iulia / Gyulafehérvar) and in Hungary
(Budapest, Komdarom, Nagykanizsa, Keszthely),
we have continuously reported on our results

7 B W IN T SR

T

9 3. Deva / Déva

0 50 100 150

200 km

N
2019 .

Fig. 1. Aerial Archaeological Investigations of the Institute of Archaeological Sciences of the E6tvos Lorand
University (2009-2019; airfields, archaeological sites)
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in scientific publications and conferences,’” and
released several popular science articles.*® Since
2014, our colleague from Targu Mures, Sandor

Berecki, has also been taking aerial photographs
by himself, related to his Celtic landscape arche-
ological project.”

TECHNICAL BACKGROUND

The prospections (Fig.2) were organized by
Sandor Berecki and Zoltan Czajlik, but research-
ers from several Transylvanian museums
(Mariana Egri, losif Vasile Ferencz, Zalan Gyérfi,
Jozset Gébor Nagy, Aurel Rustoiu, Gabriel
Rustoiu, Sandor Jozsef Sztancsuj) participated in
the preliminary data collection process. During
the project - with one exception - we always flew
with CTSW ultralight aircraft (2009-2013: with
the plane registered as D - MDVD, 2014-2019:
with the aircraft having a tail number Y - 5122),
the pilot has always been Simion Campean. In
2009 in Satu Mare county we had a Diamond
type low-wing aircraft (registration number YR
- EDC), the aviator was Eugen Chincea. During
the prospections we worked with Nikon DSLR
cameras (Nikon D300 and from 2019 D750
cameras, Nikkor 24-70 mm {2,8G ED and from
2019 24-120 mm f4G ED lenses). The navigation
was based on the aircrafts built-in Garmin GPS
and on photos taken on ground, the coordinates

were recorded with Garmin GPSs connected to
the cameras and with continuous Garmin GPS
track recording. Since 2019 we have been using
a smartphone and a safety (secondary) GPS
tracker for navigation and for the track record-
ing. The primary identification of the photos
and the arrangement of the data in Excel spread-
sheets (and later into the Aerial Archaeological
Database) were performed by Laszl6 Rupnik.

One of the fundamental problems we had to
face during the research was — paradoxically —
the increasing size of the Aerial Archaeological
Archive, which had to be urgently transformed
into a GIS database. Issues like supporting our
project partners’ work, providing up-to-date
access to the continuously archived and system-
atically organized data during aerial prospec-
tions and field work raised more and more
questions regarding steps from planning flights
through primary data processing to establishing
efficient search options.

Date Base Flight hours
18-19 June 2009 Satu Mare / Szatmarnémeti 7.15

26-28 June 2009 Téargu Mures / Marosvésarhely 18.75

8-10 June 2010 Téargu Mures / Marosvésarhely 13.25

22-23 June 2011 Targu Mures / Marosvésarhely 10.8

23 March 2012 Deva / Déva 2.9

17-19 June 2012 Deva / Déva 15.3

2-4 July 2013 Deva / Déva 11.8

7-8 July 2014 Deva / Déva 7.75

1-2 July 2015 Deva / Déva 6.75

1-5 July 2016 Deva / Déva and Targu Mures / Marosvasarhely  |[11.9

16-18 October 2019 Deva / Déva 8.5

Total: 11 campaigns 29 days 114.85 hours

Fig. 2. Aerial Archaeological Investigations of the Institute of Archaeological Sciences of the E6tvos Lorand
University (2009-2019; summary of the campaigns).

37 CZAJLIK ET AL. 2011; 2014; 2018; BERECKI ET AL. 2012; 2013.
3% CzAJLIK 2009, 2012b; 2012¢; 2012d; 2012¢; 2013; 2019; BOTAR-CzAJLIK 2012; NAGY-CzZAJLIK 2012.

% BERECKI 2015.
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SQL database:
7 tables and 64 fields were designed in order
to handle each type of the required data.

KML files

The KML files were overwritten into XML in
order to visualize the spatial data.

Backend

Several thousand lines of PHP code running
on a LAMP server with dedicated NAS storage
located in the E6tvos Lorand University
Institute of Archaeological Sciences.

Frontend

HTML5 homepage, programmed in Javascript
using Google Maps API.

Optimized for desktop and mobile
applications as well.

Fig. 3. Aerial Archaeological Database of Transylvania at the Institute of Archaeological Sciences of
the E6tvos Lorand University.

STRUCTURE AND USE OF THE AERIAL ARCHAEOLOGICAL DATABASE
OF TRANSYLVANIA (FIG. 3)

Due to the complexity of the task, building a
completely new database system and develop-
ing an online administrator and user frontend
was the most practical solution for storing and
visualizing the Aerial Archaeological Archive
and the GIS data related to the aerial photos.
The PHP-SQL backend runs on the ELTE’
own server, the database contains all available
information on both the photos and the photo-
graphed sites. One of the basic feature of the
web-based frontend interface is the possibility
of displaying and making searchable the poly-
gons of the various sites on an interactive map,
which uses Google Maps Javascript API. In
addition to map view, users can perform simple
and complex searches, create various filters
and query lists by gathering data on a specific
area, period, or archaeological feature. All the
information available related to these selected
elements in the database, as well as the uploaded

photos can be displayed according to different
principles and sorting criteria.

The system offers five different user levels,
while the administration interface serves
also as a content management (CMS) inter-
face. Each user level can be geographically
restricted, i.e. a researcher can get permission
for a country, county, or just for a site, hence,
the lengthy process of requesting and sending
photos that had previously happened via e-mail
can be greatly simplified and automated. Edit-
ing, correcting, deleting the full range of infor-
mation in the database, as well as adding and
uploading new data, photographic missions,
sites, or photographs can be achieved through
the same web interface. Polygons that record
the spatial data of the sites can also be freely
edited in the administration interface thanks
to KML files created dynamically from the SQL
database. On the admin interface it is possible
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to assign separate notes to each photo, which
may later help the scientific interpretation. The
checkable and traceable use of the system is
supported by a tool that, just at the touch of a
button, allows to generate and download data
sheets in PDF format which contain all the
relevant information, thumbnails of the photo-
graphs and all related bibliographic references.
The bibliographic data listed on these sheets are
queried from a separate bibliographic database

integrated into the system. On each PDF data
sheet there is a system generated reference ID, by
which they can be unambiguously and profes-
sionally cited in publications and presentations.
The Aerial Archaeological Database, can be
managed and displayed by countries or smaller
administrative units (county, province, etc.),
furthermore, if needed, it can be extended in any
spatial direction. All functions of the Database
are available in both Hungarian and English.

FINAL REMARKS

Field access to the Aerial Archaeological Data-
base of Transylvania is also possible by using
mobile devices, therefore, from 2019 on we use
smart phones with screens of high brightness.
All the data necessary for the surveys can be
previously downloaded to these devices and due
to their built-in GPS tool they are able to display
the position of the aircraft and of the destina-
tions continuously. Similarly to the solutions
used during the earlier flights in Transylvania,
this method can completely substitute the tradi-
tional and time-consuming map-based naviga-
tion, - which was one of the main aims of the
development.

Comparing to flat and hilly landscapes,
aerial photography in Transylvanian valleys
where mostly small-scale agriculture is prac-
ticed, or in mountainous regions which are often
covered by forest or grazing lands, or sometimes
having a rocky surface, is a different task both in
terms of weather conditions, aeronautical and

photographic techniques. Distinguishing natu-
ral and human impacts in the archaic landscape,
and separating those of archaeological impor-
tance is a long learning process that requires
detailed analysis. This has drawn our attention
to fundamental problems in the identification of
sites difficult to detect and outline, and hereby it
has triggered small but very important techno-
logical changes in data collection, flight meth-
odology and primary processing strategies.”” An
implication of this process is the Aerial Archae-
ological Database of Transylvania itself, which,
based on its structure and size, is suitable for
applying and testing further development ideas.
In the course of its development our aim was to
establish a system which is easy to extend and
upgrade and provides a research-friendly envi-
ronment. We are looking forward to the feed-
back of all our registered users who are willing
to share with us their experiences, critical and
helpful comments.*
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