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DIGITAL TOOLS —ANEW ERA IN ARCHAEOLOGY

ABSTRACT

The use of digital technology and digital tools in the research, preservation, and presentation of
archaeological heritage is crucial these days. In order to manage resources efficiently, good planning
and strategy are necessary. Additionally, in order to plan well, it is necessary to collect, classify, pro-
cess, and store data. Archaeology, as a science, requires meticulous work on data collection, process-
ing, storage, interpretation, and presentation. A question that is increasingly becoming the focus of all
interested parties is the relationship between archaeology and other sciences in terms of exchanging
data. The relationship between field archaeology, scientific research, economy, economic development,
and spatial and urban planning is mentioned in many works. The main aim of this paper is to promote
the need to unify the archaeological documentation used by all interested parties in archaeology, cul-
ture, and spatial planning in Serbia and to connect all participants in this process through an informa-
tion system. Special attention will be paid to the relationship between archaeology, GIS, and spatial
planning. An exceptional example of the use of digital tools in archaeology is a map of archaeological
sites, which can play a vital role in the coordination of activities in this field.

KEYWORDS: DIGITAL TECHNOLOGY, APPLICATIONS, GIS, DATA, ARCHAEOLOGICAL MAPS,
SPATIAL PLANNING.

INTRODUCTION: DIGITISATION
OF ARCHAEOLOGICAL DATA IN
SERBIA

out in the 1990s, with the PANDORA expert sys-
tem being the first one in digitisation of archaeo-
logical heritage (Mijajlovi¢ and Ognjanovi¢ 2004:
53; Kora¢, Ognjanovi¢ i Dugandzi¢ 2006).

It is noticeable that in Serbia, a lot of time
and effort has been invested in developing a cen-
tralised information system for cultural heritage.
This includes the digitisation of relevant docu-
ments and multimedia data about diverse cultural
heritage objects, including archaeological sites,
their excavations, and intricate documentation,
among others (Kazi ef al. 2021: 4). Some of the
earliest projects in this area in Serbia were carried

Of great importance in defining the framework
for the use of digital tools in archaeology is the
need for a governed process of digitalisation with
clear guidelines to cultural institutions on how to
preserve digital and digitised heritage and make it
available “at the click of a button” (Ognjanovic et
al. 2019: 1). The Rulebook on the forms, content,
and manner of keeping work logs and other docu-
mentation that is kept on archaeological excava-
tions and research (Ilpasumauk 2020) gives the
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prescription that archaeological documentation
should be preserved electronically, using a unique
information system, with an aim to “incorporate
data and information accessibility for institutions
of protection and other state institutions” (Rule-
book on detailed conditions for the digitalization
of cultural heritage (Ilpawtank 2018) (Tapavic-
ki-Ili¢ and Segan-Radonji¢ 2021b: 206)). The
metadata scheme, as adopted in the previous rule-
book (ITpaBuinuk 2018), needs to be implement-
ed in the information system for cultural heritage
documentation management. This process ensures
the preservation, presentation, and accessibility
of archaeological sites (Ognjanovi¢ et al. 2019:
1). Information about archaeological sites trans-
mitted using modern digital technologies makes
a great contribution to the development of an in-
clusive society since it has a positive effect on a
large number of users, among which are members
of'the PWD (persons with disabilities) community
(MacnuxoBuh u Tomuh 2015).

The same rulebook (ITpaBumauk 2018) regu-
lated that all cultural institutions must use infor-
mation systems. This opened the door to imple-
menting information systems in these institutions
and enabling potential connections, networking,
the creation of large databases, and data sharing.

INFORMATION SYSTEMS
IN SERBIA CONNECTED TO
ARCHAEOLOGY

During the last three decades in Serbia, there
have been attempts at the creation of various in-
formation systems connected to archaeology, such
as the Information System for Archaeology (ISA)
(1989), the Proposal for the application AGORA
BBS (1991), the Archaeological database model
proposal (1994), Proposal for the application SU-
PERBASE for Archaeologists (1999), etc. “How-
ever, due to the lack of funding for the equipment,
coordinating mechanisms and the lack of experts,
as well as the fast development of technology, the
suggested solutions were either not accepted or
did not last very long” (Segan-Radonji¢, Tapavi¢-
ki-Ili¢ 2021). ArcheoPackPro! is an information
system designed for the entry, processing, and in-
terpretation of digitised archaeological documents
(Tasi¢ i Jevremovi¢ 2001: 54; Tasi¢ 1 Jevremovic
2003). It was created over the course of six years

of fieldwork and used during the excavation of
the archaeological site of Vinca, with the aim of
enabling archaeological teams to immediately
enter and process data collected in the field. This
software package was intended for use in two sep-
arate processes of archaeological research: field
processing and the input of data into documenta-
tion; and the processing, analysis, and interpreta-
tion of the excavated material (Tasi¢ i Jevremovié
2001: 54-55).

Some information systems connected to ar-
chaeology currently existing in Serbia are:

e ISNKD - Information system of the
immovable cultural property, a web
portal run by the Republic Institute for
the Protection of Cultural Monuments
(MCHK]D);

e  GeoSrbija - national GIS web platform,
a web-based interactive map with em-
bedded cultural heritage properties, run
by the Republic Geodetic Authority
(I'eoCpbwuja) (Figure 1);

e IMUS - Unique Information System,
application for the museum information
system of Serbia, implemented in 78 mu-
seums, run by the Historical Museum of
Serbia;

e ARHIMUS - a separate piece of softwa-
re for the digitisation of archaeological
field documentation, which works as part
of the IMUS owned by the Museum of
Vojvodina;

e  The Cultural Heritage Browser of Serbia
- the first unified browser for cultural he-
ritage search and mapping of monuments
and cultural institutions of the Republic
of Serbia, initiated by the Ministry of
Culture (under redesign).

ARHIMUS

The ARHIMUS software, created in 2017, can
be accessed through IMUS. 1t is a project devoted
to the digitisation of archaeological field docu-
mentation and is used by the archaeologists in the
Museum of Vojvodina. ARHIMUS has not been
adopted as official software, although no informa-
tion system has been declared official in archaeol-
ogy. It is still in its development phase, with the
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aim to correlate it properly to the Rulebook on the
forms, content, and manner of keeping work logs
and other documentation that is kept on archae-
ological excavations and research (IlpaBunHuK
2020). By incorporating the ARHIMUS applica-
tion as a module of the IMUS for museums, it is
possible to exchange data from all participants
in the protection of cultural heritage — archaeol-
ogists, curators, and conservators — in the same
information system. It is also offers an opportu-
nity to link archaeological field documentation
with the main museum inventories, enabling cura-
tor-archaeologists to select the most important ar-
tifacts of field inventory and immediately include
them in the main museum inventory. In such a
manner, the processing of museum documenta-
tion is faster and easier. Regarding archaeological
field documentation, ARHIMUS includes field di-
aries, levelling diaries, photo diaries with digital
photos (Figure 2), field inventories and C-cartons
with drawings and photos, technical documenta-
tion (photogrammetry and drawings of researched
objects), and archaeozoological, archaeobotan-
ical, and anthropological (Figure 3) reports. In
this way, once entered, data becomes available in
several ways, which contributes to faster, more ef-
ficient, and simpler processing of documentation.
The ARHIMUS creators aimed to reduce the
processing time of the entire documentation on
archaeological objects (field and main inventory),
as well as to simplify the process, leaving experts
more time for scientific research work and the in-
terpretation of the past. The plan is to develop a
mechanism and measure the performance of the
ARHIMUS system as well as the performance of
other information systems that are in use in ar-
chaeology. All information regarding an archae-
ological object, from the moment it was found in
the field to the moment it became a part of the
museum collection, is available in one place.

CONNECTIONS BETWEEN
ARCHAEOLOGY, SPATIAL
PLANNING AND GIS

Spatial planning is an instrument of public
policy. It considers the interaction among poli-
cy sectors according to different territorial units;
national, regional, and local, across a wide range
of policy sectors. It addresses different kinds of

problems; economic, social, and environmental,
as well as the strengthening of social cohesion and
using all possibilities offered by the processes of
globalisation and technological innovations. The
scope of spatial planning differs greatly from one
country to another. However, in nearly all coun-
tries spatial planning systems encompass some
fundamental functions: spatial planning provides
a long or medium-term strategy for territories in
pursuit of common objectives, incorporating dif-
ferent perspectives of sectoral policies; spatial
planning deals with land use and physical devel-
opment as a distinct sector of government activi-
ty alongside transport, agriculture, environment,
etc.; spatial planning can also mean the planning
of sectoral policies according to different spatial
scales (Pordevi¢ and Dabovi¢ 2004: 84).

Administratively, spatial planning is prac-
ticed at different levels of government: national,
regional, municipal or local. At the local or mu-
nicipal level, spatial planning, in many cases,
centres on land use planning in order to regulate
land and property uses (Pordevi¢ and Dabovi¢
2004: 84-85). On the basis of spatial planning,
local administrations prepare documents such as
detailed spatial regulation plans, which enable the
development of industrial zones, free trade zones,
duty-free zones, and infrastructure (roads, energy,
telecommunications, etc.). It provides good con-
ditions for economic and social development in a
regulated environment.

The sudden penetration of natural sciences
into archaeology in the middle of the 20th centu-
ry is the result of the so-called processual or new
archaeology as a special and new direction in the
theoretical and exact development of archaeology,
but also a consequence of the need to adopt new
methods that will facilitate the discovery of sites
(Stankovi¢ Pesterac 2014: 219). Since the begin-
ning of the 1960s, different geophysical methods
have been used and adjusted to archaeological
needs (Pesterac 2006: 53; Stankovi¢ PeSterac 2014:
227). Today, there is no need to speculate on the
significance of the role of geosciences in archaeol-
ogy (Stankovi¢ Pesterac 2014: 227). A large num-
ber of known sites and the discovery of new ones
due to the emergence of new prospecting meth-
ods, especially geophysical, which non-invasively
obtain precise images of what is hidden under the
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earth’s deposits, require serious documentation
and data processing systems.

The use of GIS in the field of culture and her-
itage has grown significantly. The reason can be
sought in the increase of multidisciplinary studies
in this area that use the support of the natural sci-
ences, including geographic information (Garcia
et al. 2022: 97). The term GIS is not a term that
has recently appeared in archaeological studies.
It has been present in papers and practice since
the 1980s. Despite that, in practice, it was applied
ten years later in Europe, in the early 1990s (Sci-
anna and Villa 2011: 337). Since the mid-1990s,
GIS has become more connected to other disci-
plines’ work techniques and provided them with
support. It was used in the processing and appli-
cation of satellite images, and in the integration
of geophysical survey data with spatial data (No-
vakovi¢ 2003: 155-167). Due to the availability
of advanced performance information and com-
munication technology and modern topographic
instruments used in geodesy (total stations, GNSS
receivers, laser scanners, etc.,) that can collect
georeferenced data on the area of archaeological
excavations, GIS applications used in archaeol-
ogy have evolved in parallel (Conolly and Lake
2006: 50-62).

GIS is used in archaeology because it collects
data that matches the data needed by archaeolo-
gists and allows them adequate research analysis,
spatial queries, statistical spatial analysis, different
map layers, slope calculation, filtering and over-
lapping with layers of geology, natural disaster
analysis, methods for regional analysis, visibility
analysis, export of data for printing and produc-
tion of publications, collection of metadata, etc.
It is a precious source of practical information for
archaeologists, whether in scientific research or in
practical field work (Conolly and Lake 2006: 68).
Therefore, Geographic Information Systems have
an increasing role in archaeology, facilitating ar-
chaeological analysis and interpretation. This tool
stands out as a mechanism for managing archae-
ological resources. It also plays an important role
in the preparation of fieldwork, where advanced
analyses are used both for control and model anal-
ysis of visibility and intervisibility, as well as GIS
assisted three-dimensional modelling (Wheatley
2013: 78).

GIS is also important in the protection of ar-

chaeological heritage, particularly in systemat-
ic conservation planning (Malaperdas 2021; 1)
since it is capable of managing large quantities of
graphic and alphanumeric data (Scianna and Villa
2011: 342). The first step in GIS exploitation was
to convert information from an analogue to a digi-
tal format in order to improve operations and pro-
cedures carried out by hand and it was also used
as a tool to record and store information. The ca-
pability to record, manipulate, and analyse a large
amount of diverse geographic and environmental
variables appears to be of great interest, as well as
the possibility of creating some predictive simula-
tions based on settlement patterns. The integration
of archaeological information in urban planning
is one of the goals (Scianna and Villa 2011: 342).

Another aspect is the use of data for education.
A good example can be found in the research that
proposes the use of GIS for motivating students
to gain new knowledge of space and the environ-
ment, making visual timelines of historical events,
etc. (Maldonado Lopez 2012: 42-43; Garcia et
al. 2022: 93).

We can conclude that GIS is essentially a
“grouping of data, procedures, hardware, soft-
ware, and human resources” (Santovenia Diaz,
Tarragd Montalvo and Cafiedo Andalia 2009, as
referenced in Garcia ef al. 2022: 93) used to work
with geographic data. Therefore, it is not just a
database, but a complex tool that has advanced
analysis, comparison, and simulation functions.
Its use by professional archaeologists leads to
faster and better results in archaeological research
and enables the application of different methods
and techniques when performing archaeological
research (Garcia et al. 2022: 93, 96).

Archaeological data has a dual nature. It is
distributed both in space and time. “A character-
istic common to all GIS software is the capacity
to manage multi-layer and multi-scale georefer-
enced geographic data: this potential makes GIS
applications ideal for managing archaeological
data” (Scianna and Villa 2011: 337). Given that
the nature of most archaeological data is very
complex and contains a lot of information from
the fields of natural sciences and spatial planning,
GIS technology has emerged as the most flexible
and complete system for analysing the spatial
context of archaeological data (Scianna and Villa
2011: 337). Today, geographic information sys-
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tems are very present in archaeological research
and are increasingly used in the field of protection
and management of cultural heritage and archae-
ological sites. Digital archaeological documenta-
tion of excavations as well as digital modelling
are becoming integral parts of archaeology. With
the development of GIS and the use of ICT in ar-
chaeology, new applications in the field of archae-
ology will appear (Mari¢ 2011: 121).

The development of the National GIS Web
platform in Serbia (I'eoCp0Owuja) enables the dis-
play, search, analysis, transformation, creation,
sharing, and maintenance of geospatial data, re-
sulting in the harmonisation of procedures for ob-
taining construction permits, preparation of gen-
eral and detailed urban plans, and communication
between cultural institutions, researchers, and the
economy. This can contribute to the protection of
digitised cultural heritage objects, the long-term
preservation of digitised cultural heritage, the
creation of new material and additions to existing
material, as well as the application of international
standards in the process of site search, increasing
accessibility to the general public, and data entry.

MAPPING OF ARCHAEOLOGICAL
SITES

A good example of the use of digital tools in
archaeology is the map of archaeological sites.
The creation of the map in its digital form is
deemed an urgent matter in Serbia due to its es-
sential role in coordinating the field of archaeolo-
gy. As far back as 1991, a project for the creation
of an Archaeological Map of Serbia was initiated,
as a part of the scientific and research work of the
Serbian Academy of Arts and Sciences, with the
Institute of Archaeology as the responsible insti-
tution. Buildings and artifacts in the map were
“determined  geographically, chronologically,
historically and descriptively”, and the filled re-
cords were accompanied by the topographic maps
(bomkosuh 1991: 142). Unfortunately, the project
was not concluded.

Based on the twenty-year experience and the
insight into the documentation of different cultural
institutions that deal with archaeological research
that the authors of this article have had during
their work, we can say that the overall percentage
of archaeological sites in Serbia that have been

recorded is relatively small compared to their ac-
tual number. In some cases, there is no existing
documentation for certain sites that have been re-
searched, even though it is prescribed by different
laws and rulebooks — the Law on Cultural Prop-
erty (3akon 1994), the Law on Cultural Heritage
(3akon 2021) and the Rulebook on forms, content,
and methods of keeping records of work and other
documentation related to the archaeological ex-
cavations and research (Ilpasunauk 2020).

Introducing an e-business leads to uniformity
and transparency in the work of archaeologists
and ultimately leads to visibility and accessibility
of extremely rich archaeological heritage. This, in
turn, results in a transparent record of archaecolog-
ical sites, with an emphasis on the risks involved
in record transparency, where analysis and statis-
tics can be performed using various tools. Similar
projects exist in other countries as well. The au-
thors of this paper had the opportunity to become
familiar with a very similar project in the Repub-
lic of Slovenia named From Cloud to Landscape
(From Cloud to Landscape). Slovenia mapped all
archaeological sites using Lidar images as the ba-
sis, together with other data from involved institu-
tions and field research.

The objectives of the mapping of archaeolog-
ical sites should be: keeping accurate records of
archaeological sites; unification of archaeological
field documentation on immovable and movable
cultural assets; monitoring the protection of ar-
chaeological sites; determination of priorities for
archaeological research according to the degree of
threat and importance, which achieves efficiency
in decision-making and control of spending when
financing archaeological works (excavations,
reconnaissance, prospecting and publishing);
achieving uniformity and transparency in work;
and support to the economy (spatial planning, ur-
banism and construction, environmental protec-
tion, tourism, etc.).

Significant attention should be paid to data
protection. Not a single piece of information that
could damage the integrity and security of the ar-
chaeological site should be made publicly avail-
able. The map should be an information system
for storing unified documentation on archaeolog-
ical excavations and locations with geo-position-
ing for the sites that have been declared cultural
property and those that are under preliminary pro-
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tection. The map needs to contain data about the
existing and adopted plans (urban plans; develop-
ment plans - such as industrial and infrastructure
plans; etc.), for specific areas, which contain the
measures for the protection of the cultural prop-
erties located in those areas, following the current
legal regulations. These systems can also enable
protection on multiple levels, especially since a
cultural property cannot be considered a cultural
property in the true sense of the word if proper
documentation is not kept on it in a uniform man-
ner (Bojkovi¢ 2014: 38).

Mapping of archaeological sites should im-
prove digital methods and techniques for the
preservation, documentation, and research of the
immovable cultural heritage and its presentation.
The map should provide a systemic, quality, and
uniform approach as well as a contribution to the
national and international networking of digitised
immovable cultural heritage. Nationally, state au-
thorities should have the opportunity to analyse
data, develop strategic plans, and obtain financial
support by utilising databases. This would also
strengthen the capacity of institutions and individ-
uals and make cooperation between relevant na-
tional and regional communities more productive.

CONCLUSION

The cooperation of all interested parties, i.e.,
state bodies and public institutions, is necessary
for the protection and preservation of cultural her-
itage in any country. The strengthening of heritage
protection should be carried out with a special fo-
cus on spatial planning optimisation, strengthen-
ing the capacity of institutions and individuals to
perform the digitalisation process, making a data-
base of all archaeological sites, combating the il-
licit trafficking of cultural property from, through,
and in the region, and promoting its restitution to
the country of origin.

Data centralisation is required, considering the
presentation of the current situation of the archae-
ological information systems in Serbia. However,
the advancement of centralised and unified data
collection and record-keeping on archaeological
findings is not possible without unique software
for document management. The creation and use
of the map of archaeological sites can introduce
order into the documentation of archaeological

sites and data obtained through different archae-
ological research (excavation or reconnaissance,
that is, prospecting), which indirectly protects this
important part of the cultural heritage. It can pro-
mote strategic thinking in the preservation of ar-
chaeological sites, continuous scientific research
work, as well as unhindered economic develop-
ment in Serbia.
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REZIME

DIGITALNI ALATI - NOVA ERA
ARHEOLOGIJE

KLJUCNE RECL: DIGITALNA TEHNOLOGI-
JA, APLIKACLJE, GIS, PODACI, ARHEOLOSKE
KARTE, PROSTORNO PLANIRANJE.

Upotreba digitalne tehnologije i digitalnih
alata u proucavanju, o¢uvanju i prezentaciji arhe-
oloskog nasleda kljuéna je u danasnje vreme. Da
bi se efikasno upravljalo resursima, neophodni su
dobro planiranje i strategija, a da bi se dobro plan-
iralo, potrebno je prikupljati, klasifikovati, obradi-
ti i Cuvati podatke. Arheologija, kao nauka, zahte-
va pedantan rad na prikupljanju, obradi, ¢uvanju
i prezentaciji podataka. Pitanje koje je sve vise
u fokusu svih zainteresovanih strana jeste odnos
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arheologije i drugih nauka u pogledu razmene po-
dataka. Odnos arheologije, nau¢nih istrazivanja,
privrede, privrednog razvoja, prostornog i urban-
isti¢kog planiranja, pominje se u mnogim pisan-
im radovima. Izuzetan primer upotrebe digitalnih
alata u arheologiji Srbije moZe biti mapa, odnosno
karta arheoloskih lokaliteta, od susStinske uloge u
koordinaciji aktivnosti u oblasti arheologije.
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