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Presenting the invisible and unfathomable:
Virtual museum and augmented reality
of the Neolithic site in Bylany, Czech Republic

Jak predstavit, co je neviditelné a neuchopitelné?
Virtualni museum a rozsifena realita neolitické lokality v Bylanech

Petr Kvétina - Jiti Unger - Petr Vavrecka

The aim of the article is to demonstrate the possibility of presentation of prehistoric sites in locations where
there is neither any preserved construction, nor any relic of the original landscape. Such sites usually
meet with indifference both from the public and from institutions involved in preservation of historical
monuments. This problem, however, does not relate only to the limited capacity to imagine features of which
there is no visual evidence in the landscape. The problem consists also in the vast structural difference
between the world of prehistoric societies and today’s reality. Bylany near Kutnd Hora (Czech Republic),
where one of the most important excavations of a Neolithic settlement area in Europe was undertaken, repre-
sents a model example of such a situation, no doubt typical for most prehistoric and early historic sites.
The possibility of creating virtual and augmented reality proved to be a potential tool to grasp the invisible
and to describe the disappeared proved to be. This concept represents a potentially powerful tool for digital
heritage management.

digital heritage management — virtual museum — augmented reality — Neolithic — community engagement

Cilem ¢ldnku je ukdzat moZnosti prezentace prehistorickych lokalit, a to na mistech, kde se nedochovaly
viditelné pamdtky ani piivodni krajinny rdz. Takovd mista jsou obvykle stranou zdjmu, jak verejnosti, tak
institucionalizované pamdtkové péce. Dany problém pritom nesouvisi pouze s omezenou schopnosti pred-
stavit si objekty, které uZ v soucasné krajiné neexistuji. Jde také o potiz s obsdhlou strukturdlni rozdilnosti
mezi svétem prehistorickych spolecnosti a realitou soucasnosti. Modelovym prikladem takové situace, jinak
standardniho stavu absolutni vétsiny prehistorickych a rané historickych lokalit, jsou Bylany u Kutné Hory,

Jjak uchopit neviditelné a popsat zmizelé, se ukdzalo vyuZiti moZnosti virtudlni a tzv. roz§itené (augmented)
reality. Koncept predstavuje potencidlné silny ndstroj digitdlni popularizace a pamdtkové péce.

digitalni pamatkova péce — virtualni muzeum — rozsifena realita — neolit — zaujeti mistnich obyvatel

Introduction

The main problem encountered in regard to the presentation of the sites of Central European
prehistory is their invisibility. Let’s “visualise” this at several important sites dated to the
Neolithic period. If a person happens to come to Eythra (Saxony, Germany), Herxheim
(Rhineland-Palatinate, Germany), TéSetice (Moravia, Czech Republic) or Bylany (Bohemia,
Czech Republic), where the vast residential areas of the first European farmers (5600-4400
cal BC) are buried under layers of earth he or she will pass over them, without noticing.
The only tangible evidence of the existence of these exceptional sites are some ploughed-up
fragments of Neolithic artifacts (fig. 7). Nonetheless, each of the sites mentioned has in its
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Fig. 1. An agricultural landscape in Central Bohemia and in fact one of the most important sites of the Neo-
lithic culture in temperate Europe: Bylany, Czech Republic.

Obr. 1. Fotografie zem&délské krajiny stfednich Cech je ve skute¢nosti pohledem na jednu z nejdiileit&j-
Sich neolitickych lokalit evropského mirného pasu: Bylany u Kutné Hory.

own way significantly altered the perception of the world of the first European farmers.
Wooden water wells from Eythra (e.g. Stduble — Hiller 1998; Tegel et al. 2012), ditch enclo-
sure with enormous number of human skeletal remains at Herxheim (e.g. Wild et al. 2004;
Orschiedt — Haidle 2012), circle wall enclosure at TeSetice (Podborsky 1988) or long-term
Neolithic settlement agglomeration in Bylany (e.g. Soudsky 1962; Pavlii 2010) are the fas-
cinating evidence of remote unwritten history of human culture.

The examples of Neolithic settlement are not exceptional in this respect. With some
exceptions, remains of prehistoric settlements of Central Europe are essentially invisible
in the landscape. This fact represents a considerable handicap in comparison with many
other parts of Europe, where megalithic structures, giant earthen barrows and enclosed
fields are still in existence. And this without mentioning sites where Roman aqueducts still
carry water and where the presence of stone statues and monuments evokes memories of
characters from ancient mythology. In Central Europe, visitors do not frequently have the
opportunity of direct contact with witnesses of unwritten history. For these reasons both
public archaeology and heritage management occupy a more uncertain position. Recon-
struction, imagination and dragging into prehistory have so far been the domain of “bricks
and mortar” museums, which, however, seek visitors only from within a limited target group
(Kvetina — Koncelovd 2013a).

However, the very rapid development of information technology, the accessibility of
the Internet and the overwhelming scale of the adoption of computer technology in recent
years have created room for a change. One way is through the rapid expansion of “virtual
museums” that transmit the content of “classic” exhibitions on the Internet. This, however,
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may well not be the real endgame in regard to the virtualisation of archaeological heritage
management. The concept of virtual and augmented reality is very easy to apply at recon-
struction of movable or immovable prehistoric artefacts and monuments. This concept
enables the assignment of metadata information of textual, visual or spatial character to
existing objects, and displaying them on commonly used portable electronic devices. In
certain sense it is possible to create a parallel virtual “heritage” layer within the analogue
reality (the real world). Such an approach is described here, the example being the presen-
tation of the Neolithic site at Bylany (Czech Republic).

The roots of the society in which we are living today are associated with major economic
change that transformed the very essence of the human societies that existed then (Childe
1957). This transformation that was initiated in the Near East ca. 9500 BC did not cross
the imaginary threshold of Central Europe until several millennia later, when the first Neo-
lithic cultural communities were established here within the range of ca. 5600/5500 cal BC
(Gkiasta et al. 2003; Zvelebil 2004). Defined in brief, the inception of the Neolithic period
was marked by the reorientation of the means of subsistence from the exploitation of wild
natural resources obtained by means of hunting and gathering to growing crops and farming
animals (Price 2000). Regardless of whether this change occurred quickly or slowly, through
domestic or external stimuli, through acculturation or colonisation — its result was a totally
new form of cultural environment. The oldest agricultural population of Central, and partly
also Western Europe, is linked archaeologically to the Linear Pottery Culture (LBK) which
covers the 5600-5000 cal BC period. The subsequent settlement phase is characterised as
the Stroke Pottery Culture (SBK) that covers the 5000-4400 cal BC period.

In terms of archaeology and of site preservation, the Neolithic transition in Central
Europe translated into a relatively dense network of sites. Each comprises a palimpsest of
pits which through their formal and spatial relationships allow decrypting the ground plans
of longhouses (wooden timber structures with wattle and daub walls). Other pits, both large
(covering dozens of square metres), and small, existed mainly as extended pits that lined
the west and the east walls of the original structures. Extremely large pits without any direct
spatial relationship to these structures contained a mixture of artifacts which apparently
belonged to an extended chronological interval (perhaps as long as 500 years). In contrast,
the long pits located closer to the houses contained objects dating to substantially shorter
time-intervals (Kvétina — Koncelovd 2013b).

In terms of the size of the area investigated and of the duration of the project, one of the
largest Neolithic field-projects has been carried out since the 1950s in Bylany, near Kutna
Hora in the Czech Republic (Pavlii et al. 1986). Although many large LBK settlements have
been excavated (e.g. Eythra, Olszanica, Langweiler 8, Ulm-Eggingen), the importance of
the Bylany project resides in its pioneering nature, its scale and its longevity, with the exca-
vations and their analysis spanning a period of more than 50 years. The field activities and
the subsequent processing of the objects found have been a source of numerous studies that
have had a significant impact on the excavation methodology utilised at Neolithic sites and
on the analysis of archaeological material originating from the first identified farmers in
Central Europe. Bylany comprises a series of Neolithic settlements, ‘micro-areas’, that lie
in the valley of the Bylanka stream, located on a fertile brown chernozem soil on a loess
base. In addition to the LBK settlement, remains of a late phase of SBK culture have also
been excavated in the same area. The sacred component, including several circle wall
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enclosures (rondels, Kreisgrabenanlagen), are dated to the SBK period. A nearby bi-ritual
(inhumation and cremation) cemetery from the same period has also been excavated. The
fortified hill-top sites of Cimburk and Denemark, dating to the Chalcolithic/Eneolithic
(4500/4400-2300/2200 BC) period, have also been excavated (Kvétina et al. 2012).

For a long period public relations have been undervalued by the Bylany Neolithic project.
This deficiency is reflected both in the public’s awareness of the Bylany site and of the first
farmers’ culture, and the local community’s attitude towards the site in terms of heritage
protection on one hand, and its potential for tourism on the other. The public has no access
to the results of the long-term Neolithic research nor to the archaeological artifacts, despite
the fact that the local community was strongly attached emotionally to the site during the
heyday of the fieldwork from the 1950s to the 1970s. This relationship has been lost to the
degree that neither the local land-owners nor the local government are willing to integrate
the site into the regional network of heritage sites.

In order to reverse this situation, a project entitled Archaeological 3D Virtual Museum:
New Technologies in the Documentation and Presentation of a Neolithic Settlement has
been conceived and has gained the support of the Czech Ministry of Culture. Following
a digital heritage-management approach, the goal of the project is to create a virtual Inter-
net museum that will present the Neolithic culture in central Europe using the settlements
at Bylany as an example. The purpose of the project is to strengthen local community
involvement and to emphasise the worldwide importance of the site and of the information
that the long-term fieldwork research has yielded (fig. 2).

Methods of dematerialisation as the first step towards
a virtual museum

The technological objective of the project is to represent the prehistoric realities of the Neo-
lithic Culture and imaging them in a three-dimensional virtual environment. This objective
necessitates two different methodological approaches. The first is transposing the movable
artifacts (e.g. the pottery, lithics, grinding tools...) and then the immovable artifacts (such
ground objects as pits, postholes, ditches...) into a virtual 3D format, while the second is
the computer modelling of the immovable structures (houses, earthen enclosures) and their
subsequent reconstruction. The method of optical scanning was primarily utilised for de-
materialising the movable artifacts while 3D photogrammetry and 3D virtual modelling
were applied at the immovable artifacts. We then decided to present the data obtained in
both PC environment and in applications designed for mobile devices.

Optical 3D scanning

The basic technology for the virtualisation of artifacts is optical 3D scanning, the advan-
tage of which is its capacity to capture an absolutely true-to-life virtual spatial model of the
object (Bruno et al. 2010). In addition, this method also supports various final formats for
recording, thesauration and the presentation of objects in digital form.

Although 3D scanning was introduced into archaeology a relatively long time ago, it
has only recently become a crucial feature of many varied projects (e.g. Neiss — Sabrina —



Fig. 2. A view of the Bylany site during the archaeological excavations, in comparison with a 3D virtual
model of a Neolithic settlement.

Obr. 2. Pohled na lokalitu Bylany v priibéhu terénniho archeologického vyzkumu a srovnéni's 3D virtual-
nim modelem neolitického osidleni.
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Fig. 3. The process of the dematerialisation of artifacts from Bylany site by 3D optical scanning. Virtual
gallery of selected 3D scans for PC can be downloaded here: http://www.archaeo3d.com/archaeo3d_1.html
Obr. 3. Proces dematerializace artefakt(i z Bylan zaloZeny na technologii optického 3D skenovéni. Aplikaci
pro néavstévu virtualni expozice vybranych 3D sken( pro PC Ize stdéhnout zde: http://www.archaeo3d.com/
archaeo3d_1.html

Wiérmldnder 2013; McPherron — Gernat — Hublin 2009; Schulzen 2011) and thanks to the
development and the improvement of 3D scanning devices it is easy to obtain high quality
outputs, a though the processing of fragmented raw data to generate a complete and usable
3D model still remains a complex task (Tucci — Cini — Nobile 2011).

Technologically the acquisition of information about shape and colour by means of
optical scanning is ensured by the smartSCAN-3D scanner (Breuckmann, GmbH). This
modular topometric system works on the basis of the banner projection of a sequence of
stripes on the physical model and scanning the modified patterns using a high-resolution
(5 megapixel) digital camera. Individual scans showing the surface of the object from dif-
ferent angles are subsequently merged into the resultant data object, defining both the
comprehensive geometry and the texture of the scanned artifact. The high precision of the
scanning of artifacts (which can be very variable in size) is ensured by the use of additional
measuring ranges for the three fields of view from 60 to 300 mm (FOV S060, FOV M125,
FOV M300). The system also includes software (OPTOCAT SW) that ensures the function-
ing of the digitising system during scanning, the automated merging of individual scans
and the export of scanned data into various formats. Another sub-task, for the purposes of
web presentation, is to reduce the file size to a fraction of its original size while retaining
the complete visual information.

When searching for options for how to publish all the resulting 3D models of scanned
artifacts we chose 3D PDF (Felicismo et al. 2013) because it is a widely supported format,
which, though it does require module installation (Adobe Acrobat Reader or Autodesk Design
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Review), on many computers this module is already pre-installed, or its installation can be
automated. For direct display in the web browser (preferably Firefox), new cloud 3D plat-
form Sketchfab (https://sketchfab.com/archaeo3d) was used. The platform enables basic
interactive browsing of the 3D models (fig. 3). In case the user needs a more flexible way
for examining the particular 3D scan, it is possible to download it in 3D PDF. This format
enables more sophisticated ways of studying the scanned artifacts (including measurements,
sections, lights and shadows options, etc.).

3D Photogrammetry

Another option for transferring physical archaeological objects into a virtual environ-
ment is the use of multi-image photogrammetry (Harrower et al. 2014; Remondino 2014).
This method is utilised for processing three-dimensional images. In association with the
appropriate software (e.g. Photomodeler, ImageMaster), this has enabled field archaeology
to implement a completely new method for documenting immovable objects. The final step
that enabled the mass utilisation of this method was the advent of online open source pro-
grammes in recent years (in particular 123D Catch or ARC 3D Webservice) that operate
fully completely independently and do not require high degree of user knowledge. The new
3D photogrammetric programmes that are currently appearing on the market have a com-
pletely intuitive control system while the quality of the models created using them meets
even the most demanding requirements (Lo Brutto — Meli 2012; Santagati Inzerillo — Di
Paola 2013).

The undisputed positive feature of the methods of multi-image photogrammetry for the
documentation of immovable features uncovered during archaeological excavations, is its
modest financial demands, without any necessity for expensive equipment or trained per-
sonnel and, in particular, the rapid and easy acquisition of the necessary data (De Reu et al.
2013). The 3D model of a Bronze Age burial (fig. 4) was created using a freely available
123D Catch, and the 3D model of Neolithic burial, generated in the Agisoft Photoscan
programme, was recreated from just 9 photos that were taken in the excavation (fig. 4).

3D Modelling

For the visualisation of immovable structures, computer manual 3D modelling was utilised
because the development of graphics software together with the exponential improvement
in the quality and the complexity of the models created using it, enables the creation of
increasingly superior spatial reconstructions of selected objects (Margueron — Gransard-
Desmond 2012; Remondino — El-Hakim 2006).

The method for creating 3D models includes importing of such 2D input data as floor
plans and aerial photos or of 3D photogrammetric plans from archaeological excavations,
to graphics programme such as Blender. This programme is an open source and provides
a wide spectrum of modelling, lighting, UV-mapping, texturing, animation and video post-
processing functionality.

Based on these plans, construction elements are modelled in these programmes and
they are complemented by additional layers forming, for example, string walls, roofing and
interior and exterior equipment, the textures of which are obtained from the Archaeological
Institute’s own photo library. The geographic information system (ESRI ArcGIS) is used for
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Fig. 4. Example of results from open source (123D Catch — Zélezlice site, burial from LBA period) and low cost
(Agisoft Photoscan — Kolin site, Neolithic burial) 3D photogrammetric software: https://play.google.com/
store/apps/details?id=com.virtualhistory.cave

Obr. 4. Ukazky vyslednych modelt vytvofenych v open source (123D Catch — lokalita Zalezlice, pohteb
zmladsi doby bronzové) a nizko-nakladovych (Agisoft Photoscan — lokalita Kolin, neoliticky pohteb) 3D foto-
grammetrickych programech: https://play.google.com/store/apps/details?id=com.virtualhistory.cave

locating 3D models of immovable structures in a real environment, one that also enables
any required spatial analysis.

The output of 3D models can be implemented in the form of a static reconstruction,
which in a graphic editor such as Photoshop, is accompanied by the appropriate vegetation,
panorama and other visualisations, thereby creating a combination of vector and painted
bitmap graphics. The final rendering, using colour filters, shadows and other graphic tools,
is then implemented.

A second option for the output is the animation of immovable structures that is created
by using scenes, which is a manner of simple displaying in different directions, accompanied
by the gradual rendering of the individual layers for the complete animation of the indivi-
dual parts, consistent with the construction sequence or its specific stages. The graphics
and the sound editing, the cutting and the textual information included in the animation are
provided by the Ashampoo Movie Studio 1.0.13 programme and the resulting output com-
prises video sequences in customary formats.

When processing data from archaeological excavations of Central European prehistory,
3D modelling represents an important tool for the presentation of the situations discovered
and, in combination with the 3D photogrammetric models acquired in the field, it provides
exactly the kind of information that is also understandable to the general public (Guidi —



Fig. 5. LBK longhouse reconstructed directly in the field (site Prague-Vinof, Czech Republic). Combination
of 2D and 3D photogrammetry with 3D virtual modelling. Video available http://www.archaeo3d.com/
archaeo3d_4.html
Obr. 5. Dlouhy diim LBK rekonstruovany pfimo v terénu (lokalita Praha-Vinof). Kombinace 2D a 3D foto-
grammetrie spolu s 3D virtudlnim modelovanim. Video dostupné zde: http://www.archaeo3d.com/
archaeo3d_4.html



12 KVETINA — UNGER — VAVRECKA: Presenting the invisible and unfathomable ...

CAMERA IMAGE —._ GRAYSCALE VERSION . TRESHOLDED IMAGE

l CONNECTED VERTICES TRANSFORMATION
COMPONENTS = AND EDGES — INTO CAMERA PLANE —

COMPARISM WITH
AUGMENTED CAMERA IMAGE

GIVEN TEMPLATE TN .

Fig. 6. General flow chart of a common augmented reality applications based on artificial markers (modified
from Prochédzka et al. 201T1). Augmented reality application available here: http://www.archaeo3d.com/
archaeo3d_3.html

Obr. 6. Schéma zobrazujici obecny princip aplikaci rozsifené reality vyuZivajici umélého markeru (upraveno
podle Prochdzka et al. 201T). Konkrétni aplikace rozsitené reality pro zafizeni s OS Android ke staZeni zde:
http://www.archaeo3d.com/archaeo3d_3.html

Russo — Angheleddu 2014). Figure 5 shows the 3D photogrammetric model of relics of the
Neolithic longhouse of the Linear Pottery Culture that was captured in August 2014 during
the ongoing rescue excavation implemented in Prague-Vinor (Czech Republic). A 10 by
35 metres scene that was dominated by the structure of the longhouse consisting of the nega-
tive imprints of former posts and of adjacent loam pits was multiple photographed. It was
then processed using the Agisoft Photoscan programme and after that a 3D terrain model
was created. Subsequently a photographic texture of perpendicular single-image photogram-
metric images was applied to this model that enabled the creation of a more comprehensive
final-image output (fig. 5). Also comprising another possible outcome of these data are com-
plete animations depicting, for example, individual structural elements in accordance with
their construction chronology in the form of video sequences.

Virtual gallery

We decided to present the selected group of artifacts in the form of a virtual gallery,
for which the principle of game engines was used; in this specific instance UDK from Epic
Games, which was originally developed for the traditional first-person computer games.
This form of software framework enables using either a keyboard and a mouse or a touch
screen to change, according to one’s own choice, either or both the route and the direction
of a tour of the virtual environment. Its specific major advantage for the interactive 3D pre-
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Fig. 7. Virtual tour of the Neolithic village reconstructed on the basis of archaeological research in Bylany.
Demo version can be downloaded here: http://www.archaeo3d.com/archaeo3d_2.html

Obr. 7. Virtualni prochéazka neolitickou osadou rekonstruovanou na zakladé archeologického vyzkumu
v Bylanech. Demo-verzi Ize stahnout zde: http://www.archaeo3d.com/archaeo3d_2.html

sentation of computer data is its integration that combines such functions as rendering
(arendering engine for 2D and 3D graphics), artificial intelligence, networking, a physics
engine or collision detection, localisation support and memory and therefore it can be uti-
lised fairly easily for various types of virtual tours (Anderson et al. 2009; Champion 2010).
In the virtual gallery presented there are 30 artifacts that are exhibited in this manner and
that are divided in accordance with the material(s) from which they are made and also par-
tially in accordance with their chronology and a visitor is able to move around them freely
and to view the exhibits from every angle and perspective (http://www.archaeo3d.com/).

Augmented, virtual and mixed reality

As another output for the presentation of artifacts we chose an application from the
Android operating system for mobile devices that utilises the principle of augmented real-
ity. This designation is used when the depiction of reality is augmented by the inclusion of
digital elements. For this application we used a system with a marker, which is a specific
picture with which the application is familiar. In a scene that is viewed directly through
the camera it attempts to locate this marker, to identify it and to determine its position and
orientation within the scene (fig. 6). Based on the information that it receives on the display
panel of the phone it then creates the desired 3D model, which is correctly positioned and
oriented. This method of image-processing, based on the identification of artificial objects,
greatly simplifies the processing of received data because the object is easily recognisable
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in a scene and it was in this manner that the robust and fast algorithms that are used for these
applications were developed (Murru — Fratarcangeli — Empler 2012).

For the presentation of 3D models of immovable structures, in addition to the classic
formats (3D PDF, video sequences etc.), we also utilised the form of virtual reality (see
Barcelo — Forte — Sanders eds. 2000), based on the previously mentioned principle behind
game engines. In this case Unity 3D, through which the models created in other 3D program-
mes can be imported directly, while the programme has a complete set of tools (script and
animation), which allows the immediate building of a virtual system. The final product can
be published on the Internet or, by using the Unity 3D Pro, it is possible to create a mobile
application from it.

Our application simulates a virtual tour through part of the Neolithic village in Bylany,
the 3D reconstruction of which was based on the findings of the archaeological excavations.
The user can move freely through the selected area using the touch screen, while another
option is to see this 3D model, which can be rotated and zoomed to present the detail
(Kotarba-Morley et al. in press), from a bird’s eye view. However, in order to facilitate the
visitor’s opportunity at the location of the monument to better understand and experience
its 3D reconstruction, the gyro mode function was utilised for part of the application. After
implementing this feature of the application, it is therefore possible to “set foot” right in the
middle of this Neolithic village and, by moving the device sideways, to look all around it.
Since the current form of the contemporary landscape has been incorporated in the model
(fig. 7), this results in combining the virtual world, comprising 3D reconstructions of Neo-
lithic dwellings, with the real world.

During the creation of a virtual web-museum we have increasingly felt the need for the
more extensive use of mobile applications since the mass adoption of portable devices with
such features as GPS, a compass, an accelerometer and/or a gyroscope opens-up a whole
new dimension of options for presenting archaeological data.

This strong experience can be made available for visitors to sites by means of mixed
reality (Eve ed. 2014), i.e. an application based on augmented reality, which, however,
works without an auxiliary marker on the basis of an algorithm that teaches it to identify the
real natural objects while, at the same time, also utilising the special method called SURF
(Speeded Up Robust Features). The implementation of this method is still difficult for mobile
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Fig. 9. By extending the standard presentation channels of archaeology to include the area of virtual space
it is possible to greatly increase public interest in knowledge about and the protection of the archaeo-

logical heritage.
Obr. 9. Rozsitenim standardnich prezentacnich mechanism( archeologie o virtuélni prostor je mozné

zvétsit vefejné povédomi o vyznamu archeologické pamétkovém péce.
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devices (because of limited computation performance, memory, network connectivity, etc.)
and at the locations of most prehistoric sites it is almost impossible. The absence of above-
ground relics and the character of the Central European landscape require the utilisation
of a hybrid method that, using a GPS and a compass, directs the visitor to a specific loca-
tion and only then does the application start to search the area and to identify the objects
learned to which it then applies a 3D model reconstruction of the archaeological object(s)
within the real environment.

If, however, as is the case of Bylany near Kutna Hora, the visitor is in the middle of a flat
open field, this method cannot be used and we had to choose a compromise solution, where-
by, while it runs the above application using the gyroscope, the application navigates the
person to the site of the discovery and where the real landscape is incorporated directly into
a 3D model of the Neolithic village. Mostly it is not even possible to consider the construc-
tion of an artificially created auxiliary marker defining the design plan of, for example, one
of the longhouses, because, in these places, usually either intense agricultural activity is
implemented or it is heavily wooded countryside. If we resign to being present at exactly
the given site, which, for differing reasons, is either inaccessible or unattractive, another
possibility may be to combine information panels located close by with the AR/VR appli-
cations, whereby the panel can substitute directly for the marker, or the marker may be
embedded in front of it as a walk board, for example.

Conclusions

The generalised problem with the on-site presentation and the heritage management of
Neolithic sites comes from their standard preservation pattern. Most of the information
concerning the imagery of the culture of the first Central-European farmers comes from
the pits. In terms of simplified typology we can discern small, large and extremely large pits;
nothing else. No standing houses, shrines, defensives walls or other structures are preserved.
This represents a real challenge, both in terms of its presentation and in regard to overall
public awareness concerning the necessity of the preservation of archaeological monuments.

We have dedicated our work to the issues of the public visibility and the presentation of
the sites of Central European prehistory. A parallel aspect, however, is also the lack of pub-
lic awareness of the tangible unwritten evidence about this period of human history either
in the form of movable or immovable objects (landscape sites). One of the current options
for how to at least partially address heritage management at this level is the utilisation of
mobile applications. The mass adoption of smart phones brings with it a whole new range
of options for presenting archaeological data. The combination of the real and the virtual
worlds, easily accessible through the telephone’s display, enables leaving the PC monitor
behind, and presents a unique opportunity to enjoy the knowledge retrievable at archaeo-
logical sites directly in the field (fig. 8; Gongli — Jin — Huilian 2013; Noh — Sunar — Pan
2009; Stuart 2012).

We aimed to demonstrate that it is possible to implement the virtualisation of even those
archaeological sites at which the fieldwork was carried out a long time ago and where there
was no option to intentionally choose and collect the appropriate data. This is certainly
a positive conclusion because it means that it is possible in this manner to at least partially
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process and also present such sites, the importance of which has been obvious to the
archaeological community for several decades, whereas most of the rest of the population
still has no concept of them. It is even more important, during the current implementation
of archaeological research, to make use of the options provided by virtual archaeology,
whereby it is possible, directly in the field, by utilising free or low-cost and easy handled
3D tools (such as 3D photogrammetry; see Campana — Remondino 2008) to instantly
acquire a database of information that can later be used for the overall transformation of
the data into a virtual environment. Adherence to these principles, also within the con-
text of rescue excavations, the results of which usually end up only as reports found in the
archives of the relevant institutions, will enable their quick and easy presentation to the
public through virtual space, which in turn will immediately shift the motives for rescue
excavations to another level.

Therefore the overall purpose of the entire project is its targeted focusing on public
archaeology. One difficult reality is that cognition of the oldest, even pre-literary history of
human culture remains within the closed professional academic and heritage management
circles (fig. 9). Therefore no direct relation exists between the sites and either the general
public or the local community. Thereby any effort to provide virtual access to the site repre-
sents an alternative and desirable approach. It would provide an easy and enjoyable way to
obtain information and to experience the local genus loci (Fritz — Susperegui — Linaza 2005;
Kounavis — Kasimati — Zanavi 2012). It will also help to break down the barrier between the
public and archaeology as either a science or one of the humanities. The goal is to engage
the public and for this to lead to an understanding of the value of our cultural and our his-
torical heritage (fig. 9; Roussou 2002; Tan — Rahaman 2009; Rahaman — Tan 2011).

Modern technologies essentially handed over to archaeology the keys to the gate, through
which it is possible to enter into alternative worlds of the past. For public archaeology, which
is understood as an interactive interface between distant past and public, the results of the
current development can be very important. We suddenly acquired the ability to fully visua-
lise and interactively present the result of our research at precisely the time when modern
society slowly moves away from the media formats based on unilateral transmission of
information. World Wide Web connects by its international network the entire world, in
which the individual loses a deeper relationship with the place and the community where
she or he lives. Virtual travel in time may be soon an available means of entertainment,
in which it will be possible to simultaneously reassure diachronic and synchronic links of each
individual with a depth of the past of his or her own country. The technologies presented
can in this way largely influence the social memory of a nation, which is one of the most
important parts of its inner identity.

Financial support for this project was provided by the Ministry of Culture of the Czech Republic as part
of the projected programme of applied research and development of national and cultural identity entitled
“Archaeological 3D virtual museum. New technologies for the documentation and the presentation of
a Neolithic settlement” (Project No. DF12P010VV032). All of the presented virtual objects and applications
were created solely for the purpose of the project.
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Jak predstavit, co je neviditelné a neuchopitelné?
Virtuélni museum a rozsifena realita neolitické lokality v Bylanech

Prezentace prehistorickych lokalit stfedoevropského pravéku nardZi predev§im na problém jejich
krajinné neviditelnosti a tak ocitne-li se ¢lovék napf. v Bylanech u Kutné Hory, kde leZi pod nanosy
zeminy pohibené rozséahlé sidelni arealy prvnich evropskych zeméd€lca, projde nad nimi bez povsim-
nuti (obr. 1). V praci, ktera je jednim z vystuptl projektu ,,Archeologické 3D virtualni muzeum. Nové
technologie dokumentace a prezentace neolitického sidelniho arealu®, jsme se pokusili ukazat, Ze jed-
nou z moznosti popularizace a zpfistupnéni takovych prehistorickych lokalit je virtualizace archeolo-
gickych dat samych a soucasné také interpretacni imaginace, jeZ z nich vychazi. Demonstrovali jsme,
Ze to lze uspésné provést i v piipadech, kdy terénni archeologicky vyzkum probéhl nékolik desetileti
nazpatek, a neni tak Zddnd mozZnost intenciondlné vybirat a shromazdovat vhodna data pfimo v pri-
béhu vykopavek (obr. 2). To je bezpochyby pozitivni zjisténi, protoZe to znamena, Ze je moZné timto
zpusobem prezentovat i klasické lokality, jejichZ vyznam je naprosto zfejmy archeologické obci, ale
ne tak uz laické vefejnosti.

Technologickym zdmérem daného projektu je prezentovat zaniklé redlie neolitické kultury a jejich
rekonstrukce v trojrozmérném virtudlnim prostfedi. Tento pfistup vyZaduje dva metodicky odliSné
pfistupy. Prvnim je pfevedeni movitych artefakti (keramickych nadob, kamenné Stipané a brousené
industrie, zrnotérek...) a nemovitych objekt (zahloubené objekty typu jam, kilovych jamek, priko-
pu...) do 3d virtudlni podoby a druhym je pocitacové modelovani a rekonstrukce nemovitych struktur
(domy, rondely, krajina...). Pro dematerializaci movitych artefaktli jsme pouzili pfedevs§im metodu
optického skenovéni a pro nemovité byly pouZity techniky 3D fotogrametrie a 3D virtudlniho mode-
lovani. Ziskana data ve formé klasickych 3D soubord, virtudlnich tour a rozsifené reality jsou pouZi-
telna, jak v prostfedi PC, tak i v aplikacich urcenych pro mobilni zafizeni.

Primarni technologii pro akvizici trojdimenziondlniho zobrazeni movitych archeologickych nale-
zl je optické 3D skenovani, jehoZ vyhodou je schopnost zachytit naprosto vérny virtudlni prostorovy
model objektu. To jednak vytvaii nové bezbariérové moZnosti prezentace, a jednak znisobuje poten-
cial jejich zachovani pro pfipad, kdy je origindl znicen. Skenovéni je provadéno prostfednictvim pfi-
stroje SmartSCAN 3D od spolecnosti Breuckmann (obr. 3). Virtudlni trojrozmérny obraz predmétu je
ve findle uloZen v 3D formatu (.ply), ktery uchovava vedle tvaru i texturu originalu. Tyto polygonalni
modely predstavuji relativné velké soubory a z tohoto divodu nejsou vhodné pro pfimou prezentaci.
Pro tu se naopak hodi decimované kopie zptistupiiované pomoci vizualiza¢niho plug-in ve formétu
3D PDF anebo na webu piimo v internetovém prohliZe¢i v rdmci platformy Sktechfab. Obé moZnosti
se na strané uZivatele obejdou bez instalace specializovaného softwaru (https://sketchfab.com/archaeo3d).

Vybrané artefakty jsme se rozhodli zpfistupnit také formou virtudlni galerie, ve které byl vyuZit
princip hernich enginti, v tomto ptipadé konkrétné UDK od Epic Games, ktery byl ptivodné vyvinut
pro klasické pocitacové hry z pohledu prvni osoby. Tento typ softwarové platformy umoziuje pomoci
klavesnice a mysi ¢i dotykové obrazovky ménit dle vlastniho vybéru trasu a smér prohlidky ve virtual-
nim prostfedi. Podstatnou vyhodou pro interaktivni prezentaci 3D pocitacovych dat je predevsim jejich
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ucelenost. Ve virtudlni galerii je tak vystaveno 30 artefaktd rozdélenych dle materidlu a ¢aste¢né
ichronologie, ve které se miZe navstévnik svobodné pohybovat a prohliZet vystavené exponaty ze vSech
uhll a ndhleda (http://www.archaeo3d.com/).

Pro vizualizaci nemovitych struktur bylo vyuZito standardni po¢itacové manuélni 3D modelovéani.
Nastup novych grafickych aplikaci a exponencidlni riist kvality a komplexnosti modeld v nich tvo-
fenych, umoZziuje provadét stale lepsi prostorové rekonstrukce zvolenych objekti. Metodou tvorby
3D modeld je import vstupnich dat typu 2D ptidorysnych plant, leteckych fotografii nebo 3D foto-
grammetrickych pland z terénnich archeologickych vyzkumi do zvolenych grafickych programt
(napt. SketchUp nebo Blender). Zde jsou na jejich zdkladé modelovany konstrukéni prvky, které jsou
nasledné doplnéné o dalsi vrstvy tvorici napt. vyplet zdi, stfeSni krytinu, vnitfni a vnéjsi vybaveni.
Textury jsou z vétsi ¢asti ziskavany z fotobanky projektu. V ramci zasazeni 3D modelli nemovitych
struktur do redlného prostiedi je vyuzit geograficky informacni systém (Esri ArcGIS).

Vystup 3D modelu je realizovan bud v podobé statické rekonstrukce, ktera je v bitmapovych gra-
fickych editorech typu Photoshop doplnéna vhodnou vegetaci, panoramatem a dalSimi vizualizacemi,
a jedna se tak o kombinaci vektorové a malované bitmapové grafiky. Pomoci barevnych filtra, stint
a dalSich grafickych nastroji je pak vytvorena findlni vizualizace (obr. 2). Druhou moZnosti vystupu
je animace nemovitych struktur vytvorena pomoci tzv. scén, kdy se prevazné jedna o formu pouhého
snimani objektd v rdznych smérech doplnénou o postupné zobrazeni jednotlivych konstrukénich
vrstev.

Atraktivni mozZnosti vyuziti 3D modeld nemovitych struktur je jejich prezentace formou virtual-
nich tour zaloZenych na jiZ zminéném principu hernich engini. Prezentovana aplikace (obr. 7) tak
umoziuje prochazku ¢asti neolitické vesnice v Bylanech u Kutné Hory, jejiz 3D rekonstrukce vznikla
na zékladé poznatkd archeologickych vyzkumu. Dalsi z moZznosti je prohliZeni tohoto 3D modelu
z pohledu ptaci perspektivy, kterym 1ze otacet a pribliZovat do detailti. Abychom na misté dané
pamatky docilili moZnost navstévnikovi 1épe pochopit a proZit jeji 3D vymodelovanou rekonstrukci,
byla v ramci aplikace pouZita funkce gyroskop mddu. Na pfedem daném misté, tak 1ze po spusténi
této casti aplikace ,,vkrocit* pfimo doprostied neolitické vesnice a pohybem pfistroje do stran se po
ni rozhlédnout. Vznikla tak kombinace virtudlniho svéta tvofeného 3D rekonstrukcemi neolitickych
obydli a svéta redlného, nebot do modelu byla zakomponovéana podoba skute¢né dnes$ni krajiny.

Dalsi z moZnosti jak prevést fyzické archeologické objekty do virtudlniho prostiedi je vice-snim-
kova fotogrammetrie, kterd slouZi pro zpracovani trojrozmérného obrazu (obr. 4). Tato metoda spolu
s vhodnym softwarem (napf. Photomodeler, Imagemaster) umoZnila terénni archeologii provadét témer
v redlném Case 3D dokumentaci nemovitych objektl. Poslednim krokem umoziiujicim masové vyuziti
této metody byl nastup on-line open source programi v poslednich letech (pfedevsim 123D Catch
¢i ARC 3D Webservice), které pracuji pln€ samostatné a nevyZaduji sofistikovanéjsi uZivatelské zna-
losti. Nové 3D fotogrammetrické programy, které se nyni objevuji na trhu (napt. Agisoft Photoscan)
pak jiZ maji plné intuitivni ovladani a kvalita modeld v nich tvofenych spliiuje i ndrocné poZadavky.
Préavé v tomto softwaru byl vytvoren 3D fotogrammetricky model (zkombinovany s 2D fotogrammetric-
kymi snimky) reliktd neolitického dlouhého domu kultury s linearni keramikou z lokality Praha-Vinor
(obr. 5). Moznym vystupem téchto dat pak mohou byt i kompletni animace zobrazujici ve formé video-
sekvenci napt. jednotlivé konstrukéni prvky dle stavebni posloupnosti.

Jednou ze zcela novych moznosti virtudlniho zobrazovéni archeologickych dat je vyuZiti mobilnich
aplikaci. SouCasné masové rozsiteni chytrych telefoni, které disponuji vétsim vypocetnim vykonem,
neZ jaky byl zapotiebi k vyslani prvniho ¢lovéka na Mésic, totiZ otevira tiplné novy prezentacni ramec.
Zatimco klasické PC forméty vychazeji z indoorové perspektivy uZivatele, u mobilnich zafizeni lze
zohlednit i jejich outdoorové pouZiti, coZ miZe znamenat piimo v terénu archeologickych lokalit.
V aplikacich je pak moZné kombinovat prvky redlného a virtulniho svéta, které se na displeji zafizeni
vzéjemné dopliluji.

Pro potieby projektu, ktery v textu pfedstavujeme, jsme vyuZili variantu tzv. augmented reality,
coZ je pristup na technologické bazi rozsifené reality. Aplikace pritom vyuziva systém tzv. markeru,
coZ je specificky symbol (napf. obrazek), na ktery je aplikace naucend a ve scéné zobrazované pies
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kameru se snaZi tento marker vyhledat, rozpoznat a urcit jeho orientaci a polohu v rdmci snimané scény
(obr. 6). Na zaklad€ t€chto informaci pak dokaZe na displeji zafizeni doplnit poZadovany 3D model,
ktery je spravné umistény a orientovany. Takovyto zptisob zpracovani obrazu vyrazné zjednodusuje
zpracovani prijimanych dat, protoZe je tento objekt ve snimané scéné snadno Citelny (obr. §).

Prezentovany projekt cili primdrné na tematicky okruh archeologie pro vefejnost (public archaeo-
logy). TiZivou realitou prezentace nejstarsi ¢i nezapsané (pre-literarni) minulosti lidské kultury je totiz
skutecnost, Ze jeji poznavani zistava uzavieno v profesnim kruhu archeologické pamatkové péce
a partikularnich védeckych projekti (obr. 9). Proto az na vyjimky nedochazi k vytvareni pfimych
vazeb mezi prehistorickymi lokalitami na jedné stran€ a obecnou vefejnosti a lokalnimi obyvateli na
strané druhé. Alternativni a podle naseho nizoru zZddouci pristup proto predstavuje tsili po (virtudlnim)
zpfistupnéni lokality. To umoZni snadnou a zdbavnou formou cerpat informace a vnimat lokalni
genius loci. Odbourava se tim také bariéra mezi vefejnosti a archeologii jako Cistou védou. Cilem je
pfitom zainteresovani vefejnosti, které by mélo vést k pochopeni hodnot obecného i zcela konkrét-
niho kulturné-historického dédictvi.
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