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From Air Survey to GIS-Aided Mapping, Photogrammetry-Based
3D Modelling and the Virtual Reconstructions
of Czech Lowland Crop-Marked Archaeological Sites

Od leteckého priizkumu a mapovani k tvorbé digitalniho vyskopisného modelu
a 3D virtualnich rekonstrukci lokalit identifikovanych
prostfednictvim porostovych pfiznakd v nizinnych oblastech Cech

Martin Gojda — Jifi Unger

Redakci predloZeno v zari 2022, upravena verze v lednu 2023

In this paper we want to present how data acquired in the 25 years long period during aerial archaeological survey — carried out by
the Prague Institute of Archaeology, Czech Academy of Sciences — of buried sites seasonally displayed through cropmariks have re-
cently been processed in order to become a type of document of the same value as the documents produced by means of archaeological
excavation, i.e. large scale maps and plans of the detected and photographed crop-marked sites. A principal attention is given to the
application of modern methods of 3D modelling. Representative examples are gradually selected from several hundred archaeological
sites hidden beneath the earth’s surface and seasonally visible through ‘vegetation/crop marks’ in order to document the potential
of such marks to get an idea of the layout of detected sites (individual features as well as complex settlement areas). A ‘flight’ over
a virtual prehistoric or historical landscape in the form of animated video clips can then present in an attractive way, especially to
the general public, the characteristic features of the past landscape.

aerial photographs — archaeological remote sensing — cropmarks - photogrammetry - digital surface models -
3D virtual reconstructions

V této praci prinasime informace o tom, jakym zptisobem jsou v soucasnosti zpracovavana data ziskanda béhem 25 let trvajictho
letecko-archeologického priizkumu, dlouhodobého vyzkumného programu, uskutec¢riovaného v prazském Archeologickém tistavu
AV CR. Heuristicka faze programu byla zaloZena na identifikaci a_fotoletecké dolkumentaci pod povrchem terénu ukrytych ob-
Jjekti/lokalit, které jsou za prihodnych podminek zviditeliiované prostrednictvim vegetacnich priznakii. V poslednich letech
probiha zpracovani ziskanych dat do podoby stejného druhu dokumenttt, které jsou porizovany béhem terénnich vgzkumit od-
kryvem - tedy map velkého méritka a planit lokalit objevenych vyse uvedenym zptisobem. Velky vgznam md v tomto procesu
aplikace modernich postupti tvorby 3D modelil. Z nékolika set archeologickych lokalit jsou postupné vybirany priklady, na
nichZ lze dokumentovat potencidl vegetacnich priznakui pro ziskdni predstavy o ptidorysu detekovanych lokalit. , Priletem®
nad virtualni krajinou formou animovanych klipti lze zejména Siroké verejnosti pribliZit charalteristické rysy pravéké ¢i stre-
dovéké krajiny.

letecka fotografie — archeologicky dalkovy prizkum - vegetacni/porostové piiznaky — fotogrammetrie — digitalni vys-
kopisny model - 3D virtualni rekonstrukce

1. Introduction

Over the past 30 years, a research programme based
on the collection of data from cropmark-based aerial re-
connaissance, geophysical measurement, field-walking
survey, environmental analysis and test excavations in
lowlands and large river basins (i.e., in the most densely
populated settlement zones) in Bohemia (the western
part of the Czech Republic), situated directly in the
heart of Europe, has been systematically performed by
the Institute of Archaeology of the Czech Academy of
Sciences in Prague (IAP). The recent processing of the
data allowed their integration, leading to a better under-
standing of Bohemia’s landscape history. Since 2014,
aerial photographs of detected sites (ranging in age from

the Neolithic up to the 20" century) have been analysed
and their archaeological content interpreted, orthorec-
tified, georeferenced and transformed into a GIS-aided
digital map (in vector shapefile format).

The transformation of analysed and interpreted
aerial photographs taken during active (i.e. carried out
by archaeologists from low flying aircraft) aerial sur-
vey to detailed plans of individual sites can un-
doubtedly be considered the most important step in
the process of their evaluation. This is meant both in
terms of the care for archaeological heritage, and with
regard to the data application in research. It is this
approach that increases the potential of discoveries
made through active aerial survey, and through which
the IAP’s archive of aerial photographs (taken between
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1992-2016 during annual aerial survey campaigns) is
now being processed.

Recently, assorted prehistoric, medieval, postmedi-
eval and industrial sites revealed by cropmarks began
to be re-photographed from drones in the high vegeta-
tion season (in May—July each year since 2018). Large
collections of images then make it possible to produce
photogrammetry-based digital surface models (DSM) of
these sites and create video clips displaying virtual
flights over the landscape with prehistoric villages, for-
tified sites, cemeteries, military field installations and
other similar locations indicated by cropmarks. Finally,
these DSMs serve as the foundation for the production
of 3D reconstruction models of buried sites and relics
based exclusively on the evidence from cropmarks ca-
pable of displaying, in some cases, construction details
that one would expect to be achievable only by means
of excavation (Fig. 1).

On one hand, for professional archaeologists we
consider these models an important format to illus-
trate the potential of remotely sensed/detected archae-
ological remains completely hidden beneath the sur-
face in a way that is non-invasive and, at the same
time, has the ability (under certain conditions) to dis-
play the precise ground plans of a variety of buried
sites of any age and complexity. On the other hand,
the processing of gathered aerial photos (both oblique
and vertical) into the animated 3D reconstruction
models has the potential to offer non-professionals
an idea of how to read the landscape memory exposed
to current observers via clusters of points and lines
of cropmarks in cultivated fields. Consequently, we
understand the double potential of 3D reconstruction
modelling applied to ‘invisible’ archaeological heritage
as something that should encourage scholars to pay
closer systematic attention to the analyses, processing
and interpretation of remotely acquired (sensed, evi-
denced) data, and as a method with the potential to
raise the general public’s interest in human history -
ancient as well as recent.
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Fig. 1. A detailed view to the south-west
corner of a crop-marked military (artillery)
base perimeter ditch (wide line) and a paral-
lel palisade trench (thin line) constructed in
1813. Due to a right timing of the photograph
(June 2011 early morning) the relocation of
the palisade trench from the internal side of
the camp to the outer side of the ditch is well
discernible (Poplze, distr. Litoméice, see also
Fig. 18a). All aerial photographs in this article
were taken by M. Gojda. — Obr. 1. Detailni
pohled na porostovymi piiznaky zviditelnéné
jihozdpadni ndroZi obvodového piikopu pol-
niho opevnéni typu rohy/hornwerk (Sirsi linie)
a paralelniho palisadového Zlabu (tenkd linie)
z roku 1813. Diky spravnému nacasovdni po-
fizeni snimku (Cerven 2011 rdno) je dobre
patrné, Ze od ndrozi fortu byla linie palisddo-
vého Zlabu premisténa z vnitini strany piikopu
za jeho stranu vnéjsi (Poplze, okr. Litoméfice,
viz téZ obr. 18a). Autorem vsech leteckych fo-
tografif v tomto ¢ldnku je M. Gojda.

2. Vegetation/crop marks as an expression
of landscape memory

We can understand vegetation marks as an explicit
manifestation of landscape memory. Perhaps no other
phenomenon has (with the necessary conditions) such
an ability to allow us, without our active involvement,
to look into the past of the cultural landscape and see
traces of the settlement, burial, military or ritual activ-
ities of our ancient and recent ancestors and to literally
come face to face with our settlement history. Such
a window allows us to look into what frequently appears
as a tangle of features (‘palimpsest’) in plan form, as
they were created, used and eventually abandoned by
their creators in the researched landscape sample in
a millennium process, and it is now up to our abilities
and modern research to understand and interpret them
and determine how to date the individual layers of this
palimpsest (Fig. 2).

The significance of vegetation marks has been ac-
knowledged in archaeological investigation since the be-
ginning of aerial archaeology; their impact on records
of the immovable component of archaeological heritage
(sites either buried beneath the surface or preserved in
the terrain relief in the form of earthworks) and on the
creation of archaeological maps was rated in the past
(Maxwell /ed./ 1983) and to this day as indispensable
(Verhoeven — Cowley — Traviglia /eds./ 2021; Gojda
2020a; Tapete /ed./ 2019; Luo et al. 2019a; Opitz -
Herrmann 2018; Forte — Campana /eds./ 2016). It
should be emphasised that the information collected on
immovable archaeological heritage by remote sensing
methods has different characteristics compared to tra-
ditional methods of obtaining knowledge. First of all, it
is a georeference of the identified components (preceded
by their orthorectification), which is mostly due to the
clearly visible boundary between the height and colour
of crops growing above the ground plans of buried fea-
tures and outside them (Fig. 3) precisely identifiable
either in geographical coordinates or in a planar coor-
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Fig. 2. Crop-marked landscape/settlement palimpsest (Litoméfice region
in NW Bohemia). Settlement relics are interpreted as follows: 1 — small
rectangular enclosure with a grave pit placed in its centre (right to the
arrow point) and a short ditch placed in front of the feature 2 entrance
(left to the arrow point), 2 — rounded corner of a ditched enclosure dated
to the Early Eneolithic (first half of the 4% millennium BC); 3 — circular
ditched enclosure of a ploughed-out prehistoric barrow with an entrance
gap, 4 — cluster of prehistoric storage and waste pits,; 5 — circular ditched
enclosures of ploughed-out prehistoric barrows; 6 — ground plan of an
Early Neolithic long house (second half of the 6" millennium BC) with
well discernible internal space arrangement through lines of post holes;
another two (less discernible) ground plans are situated to the left of the
numeral ‘6 — Obr. 2. Porostovymi piiznaky zviditelnény krajinny/sidelni
palimpsest (Litoméficko). Jednotlivé sidelni relikty interpretujeme ndsle-
dovné: T — malé pravouhlé ohrazeni s centrdiné umisténou hrobovou
Jjamou (vpravo od spice $ipky) a krétky piikop umistény pied vstupem
do objektu 2 (vlevo od Spice Sipky); 2 — zaoblené ndroZi piikopového
ohrazeni ze starsiho eneolitu (1. pol. 4. tisicileti pr: Kr.); 3 — kruhové pii-
kopové ohrazeni zaniklé pravéké mohyly se vstupnim prerusenim, 4 —
shluk pravékych (zdsobnich, odpadnich) jam, 5 — kruhovd piikopovd
ohrazeni zaniklych pravékych mohyl; 6 — pidorys dlouhého neolitického
domu (2. polovina 6. tisicileti pi: Kr.,) s dobre patrnym c¢lenénim jeho inte-
riéru fadami sloupovych jam; méné zietelné ptdorysy dalsich dvou
domd jsou patrné vievo od ¢islice 6"

dinate system (the English scholar W. Stukeley de-
scribed in the first half of the 18™ century his observa-
tions at Great Chesterford in Essex, South England: ‘[...]
the proper vestigial of a Temple, as easily discernible in

Fig. 3. Difference in the height of bar-
ley (in the green phase of its vegeta-
tion cycle) growing over sunken huts
(top image) dated to the Roman,/Mi-
gration period (39-5% century AD)
and away from them (Racinéves, distr.
Litomérice; see chapter 6). As it is ap-
parent in the bottom image, plants
growing over the huts can be up to
twice as high as plants growing away
from them. — Obr. 3. Rozdil ve vysce
je¢mene (v zelené fdzi vegetacniho
cyklu) rostouciho nad zahloubenymi
chatami (horni snimek) z doby fimské /
stéhovdni ndrodd (3.-5. stol. po Kr)
a mimo né (Racinéves, okr. Litomérice,
viz kap. 6). Jak je patrné u prikladd
na dolini fotografii, plodiny rostouct
nad chatami mohou dosdhnout témér
dvojndsobné vysky.

the corn as upon paper. The poverty of the corn grow-
ing where the walls stood, defines it to such a nicety, that
I was able to measure it with exactness enough.’; Wil-
son 1996, 42). These components can be analytically
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processed as points (polygons) in the digital environ-
ment — today primarily using GIS. Although it must be
borne in mind that for various reasons (apart from
those that change annually, this is mainly the slope of
the terrain, the intensity of ploughing and deforestation,
because they affect erosion, the process standing be-
hind the decrease of arable layer thickness and, as
a consequence, behind the crop-marking over buried
pits, ditches, sunken houses, etc.; Fig. 4) archaeological
relics are visible on the surface by some of the indica-
tors (most often vegetation) in the vast majority of cases
only as certain parts of larger units, another fact is
significant. While the total size of the area filled with
components usually cannot be determined, vegetation
marks provide the overall ground plan of a specific part
of one settlement area (or several overlapping settlement
areas; Fig. 5) and we can determine its qualitative and
quantitative composition, i.e., the type representation
of individual features, their mutual spatial relationship
(which in the case of the regular placement of struc-
tures expresses their probable contemporaneity) and
their affiliation to one and the same settlement area.
A set of these components can be used for additional
analyses. The results of aerial surveys conducted sys-
tematically for at least several years, primarily in the
lowland settlement zone (which has always been the
most densely populated landscape type — especially in
large river basins) confirm the dense prehistoric settle-
ment of many locations compared to the source base
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Fig. 4. Examples of colluvial erosion:
1 — erosive rills; 2 — crop-marked
double ditch at the top area of the
Sazend hillfort (distr. Kladno); 3 —
compact massive top (arable) layer
slide (Central Bohemia), 4 — crop-
marked settlement from the late
phase of the Early Iron Age (Straskov,
distr. Litomérice; see chapter 6) and
traces of colluvial erosion on this
site. — Obr. 4. Priklady svahové eroze:
1 — erozni ryhy, 2 — linie dvou para-
lelnich ptikopl na vrcholové plosiné
hradisté Sazend (okr. Kladno); 3 —
masivni plo$nd eroze ornice (stfedni
Cechy); 4 — sidlisté z konce starsi
doby Zelezné (Straskov, okr. Litomé-
tice; viz kap. 6) a stopy svahové
eroze na této lokalité.

collected by long-standing practices, while also inform-
ing us about the type and number of features with
which these locations were filled (see Fig. 2). In countries
where aerial archaeology has long tradition the number
of sites evidenced in national databases amounts to sev-
eral tens of percent - for example, according to English
Heritage (personal communication by C. Stoertz, His-
toric England) it is approximately 25%; according to
Hanson — Oltean (2002, 109) 50% of all lowland sites in
UK have been recorded from the air.

People long ago recognised the phenomenon of veg-
etation marks. They were first mentioned in 1541 in
a work by the English antiquarian J. Leland (Fagan
1959), and as an indication of the presence beneath the
surface of covered relics of an anthropogenic origin in-
terpreted a century later by W. Camden (Wilson 1996,
42-43). In Central Europe, specifically in Bohemia, the
observation of vegetation marks was first recorded in
the middle of the 19'" century, when K. V. Zap reported
on this phenomenon in connection with the description
of the battlefield near Kolin, the site of one of the blood-
iest battles in the Seven Years’ War fought a century
earlier (1756-1763), and identified the places with veg-
etation marks with the graves of soldiers killed in this
military clash (Zap 1855; for records of the occurrence
of vegetation marks before the era of aviation, see also
Benson — Miles 1974; Schmidt 1893, 244-247; Pi¢ 1903,
9). Since the 1920s, the issue of vegetation marks as by
far the most frequently used indicators of relics buried
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Fig. 5. Areas (light blue-coloured polygons
placed in the DTM of the Ohi'e/Eger River val-
ley, NW Bohemia, and marked by evidence
number) with recorded archaeological crop-
marks termed ‘localities’ in the AMCR. These
are clusters of prehistoric and ancient features
whose mutual relationship (connectivity) is
unknown. The space between individual
clusters can hold other buried features which
are invisible due to unfavourable conditions.
Map scale 1 : 20,000. — Obr. 5. Aredly
(modfre zbarvené polygony umisténé v digi-
tdlnim modelu terénu v povodi dolni Ohre
oznacené evidencnim Cislem), v nichZ byly evi-
dovdny porostové priznaky zahloubenych ob-
jektd, v AMCR oznacované terminem ,loka-
lity”. Jednd se o shluky pravékych a mladsich
objektd, jejichz vzdjemné vztahy (vazby) ne-
jsou zndmy. V prostoru mezi jednotlivymi
shluky se mohou nachdzet dalsi pohibené ob-
Jekty, které vsak kvdli nepriznivym podminkdm
nejsou porostovymi piiznaky zviditelnéné. Mé-
fitko mapy 1 : 20 000.

underground in the European area has been the sub-
ject of permanent professional interest (Crawford 1929;
Riley 1944 and 1983; Jones — Evans 1975; Stanjek —
Fassbinder 1995; Palmer 1996; Bewley 1996; Wilson
2000; Barber 2011, 111-127). Several texts have been
published especially in the last decade based on the ex-
perience of researchers with observing growth and col-
our changes during the vegetation cycle at their studied
sites (e.g., Rqczkowski 2011, 40-41), or which use sta-
tistics to attempt to create predictive models of the pro-
bable occurrence of cropmarks in connection with soil
conditions and geomorphology (Czajlik et al. 2021). Aga-
piou et al. (2013) addressed the issue of the identifiabil-
ity of vegetation marks (specifically in the Mediterra-
nean) on a set of multi- and hyperspectral satellite da-
ta in connection with the spectral band and on the re-
sults of terrestrial spectroradiometer phenological cycle
measurements (performed in 2001-2012). Attention is
paid to the identifiability of archaeological sites from
phenological information on satellite data (Kirk et al.
2016; Agapiou et al. 2012), data collection using artifi-
cial/machine intelligence or automatic classification
(Davis 2020; Stott — Kristiansen — Sindbaek 2019; Luo
et al. 2019b), and procedures related to the visibility of
defunct immovable relics (Verhoeven 2016; Agudo et al.
2018; Coakley 2019; Gojda 2017). The results of the
Czech project contributed to clarifying issues concern-
ing the differences in the chemical composition of the
topsoil and subsoil between features visible by the effect
of vegetation marks and the surrounding (archaeologi-
cally sterile) environment, and in the height and chemi-
cal composition of barley growing above and away from
sunken features of prehistoric origin. Data on soil and
plant biomass from collected samples were evaluated
using special chemical analysis procedures (factorial
ANOVA and one-way ANOVA methods using the STA-
TISTICA program). High soil pH and concentrations
of phosphorus, calcium and potassium were found in
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sunken features and in their surrounding area in the
topsoil layer, allowing us to conclude that chemical in-
dications of prehistoric settlement activities can be de-
termined by chemical analysis of not only subsoil layers
(or the secondary fill of features), but also of the topsoil
(Hejcman — Souclkovad - Gojda 2013).

3. The first step. The processing of recorded
archaeological sites revealed
by cropmarks: from interpreted aerial
photographs to vector polygons
on digital maps

Since the start of the practical implementation of GIS
in archaeology in the 1990s, the way in which vegeta-
tion indicators mapped the presence of subsurface ob-
jects has been influenced mainly by the British National
Mapping Program (NMP, today Historic England Aerial
Investigation and Mapping — https://historicengland
.org.uk/research/results/reports/46-2019), probably
the most globally ambitious cultural heritage mapping
project — in this case of England — based on the analysis
of aerial photographs and the archaeological interpre-
tation of cropmarks captured on them (Horne 2009;
for projects prior to the NMP, see Stoertz 1997; Palmer
1984). It became a source of inspiration for the long-
term aerial survey programme that has been part of the
scientific research agenda of the IAP since 1992, spe-
cifically its segment launched in 2014 focused on the
cartographic processing of archaeologically interpreted
aerial photographs of roughly 800 sites with features
of prehistoric and historic age (Fig. 6) detected and
documented during aerial survey campaigns (Gojda —
Culilcovd 2015). Utilising the potential of this now fully
digitized archive fund available to the public on the In-
stitute of Archaeology website (specifically in its Digital
Archive of the Archaeological Map of the Czech Republic -
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https://digiarchiv.aiscr.cz/; Fig. 7) means transferring
the interpreted oblique aerial images of buried archae-
ological sites capturing mostly through vegetation
marks the manifestations of prehistoric and historic
settlement activities into the form of their digitized plans
placed in the form of a shapefile vector layer in the GIS
environment (Fig. 8). The point is that photographs
taken with a hand-held camera need to be rectified, i.e.,
the oblique image is converted into a vertical image in
which the distances between the objects and their
relative position - in the original photograph captured
in distorted form - correspond to reality as accurately
as possible and are displayed in a deducible scale. In
this way, the information stored in the aerial photo-
graph obtains the same quality as is required in the
documentation of immovable archaeological features
during field excavations: we know their exact size, shape,
dimensions and mutual spatial relationships (Malina
2020; Gojda et al. 2022a).

A great advantage today is the possibility to work with
orthophotomaps from the environment of map portals
during rectification, especially for two reasons. On the
one hand, it is possible to use the larger number of

features captured on them, which can serve as reference
points (these are not captured on topographic maps),
while on the other, a large number of sites in the form of
vegetation marks are captured and made visible on sur-
vey images available on online portals (Fig. 9). The opti-
mal solution is to perform rectification in the GIS en-
vironment with the help of georeferenced aerial survey
images and orthophotomaps (especially from the geopor-
tal of the State Administration of Land Surveying and
Cadastre, from the collections of the companies Geodis
and TopGis on the www.mapy.cz server, or from the
most globally widespread Google Earth / Google Maps
portal). On their basis, the oblique images are rectified
and their archaeological content can be digitized and
vectorised in a separate layer. In this way, it is possible
to combine the plans of all sites captured by aerial pho-
tography, which can then be viewed against topographic
maps or aerial or satellite orthophotomaps available in
GIS via map services (WMS). At the same time, this pro-
cess creates records of individual features captured in
the images, including their own metadata description.
This data can be used not only as a basis for mapping,
but also as primary data for research purposes.
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Fig. 8. Transformation of archae-
ological components as interpreted
in aerial photos to a vector shapefile
in ArcGIS. Vectorised plan of the
Straskov site (distr. Litoméfice), one
of the Bohemian 3D reconstructed
crop-marked sites (see Chapter 6).
— Obr. 8. Transformace archeo-
logickych komponent interpretova-
nych na leteckych fotografiich do
vektorové vrstvy v programu ArcGlS.
Vektorizovany pldn lokality Straskov,
jedné z lokalit rekonstruovanych do
podoby virtudlniho 3D modelu (viz
kap. 6).

The final product of this process is a detailed 2D map
of archaeological sites showing the layouts of all features
now hidden underground, but which are visible today
thanks to vegetation marks (e.g. Fig. 8). To date, 250
sites have been mapped in this way as part of the IAP’s
project, and in the near future it will be decided in which
regime the layer of vector polygons of aerially identified
sites will be made available to the professional and gen-
eral public and subsequently incorporated into the Ar-
chaeological Map of the Czech Republic (AMCR) avail-
able at www.archeologickamapa.cz.

4. The second step. The aerial
photogrammetry-based production
of 3D images of sites with cropmarks

Compared to previous analogue outputs, the introduc-
tion of digital technologies in aerial archaeology has
brought a whole new dimension, with the final data be-
coming three-dimensional, multifunctional and virtual.
Technological advances have not only influenced the
ways of acquiring and processing data, but have greatly

expanded the possibilities of aspects of their research,
especially the ability to simulate various aspects in
a virtual environment and visualise them. The expan-
sion of the traditional presentation framework to in-
clude virtual space has created the conditions for
a change in the system and methods of presentation of
archaeological contexts of vegetation marks.

Along with the transformation of features of archae-
ological interest (recorded on the basis of the interpre-
tation of aerial photographs stored in the Digital Ar-
chive of the IAP, https://digiarchiv.aiscr.cz) into poly-
gons of the vector layer on the digital archaeological
map, 3D images of selected sites are acquired. These
serve both for more detailed knowledge of the specific
characteristics of vegetation marks of the documented
site — especially the difference in the height of crops
(which can be measured at higher resolutions) growing
above buried archaeological features and away from
them, and to obtain a more detailed visual image of the
site and its topography (Stal et al. 2013; Remondino
2011; Ioannidis et al. 2000).

The method of Image Based Modelling techniques
with Structure from Motion (SfM) was primarily chosen
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Fig. 9. Orthophotos of the Ctinéves site (distr. Litomérice, see Chapter 6) from the years 2006 (a), 2014 (b), 2016 (¢) and 2019 (d), as recorded on the internet
map server www.mapy.cz. Cropmarks of more than 200 pits, two rectangular ditched enclosures and other structures are well recognisable in images taken in
2006 and 2016 in late spring. As vertical orthorectified and georeferenced images they have been applied as support for the GIS-based vectorisation process. —
Obr. 9. Ortofotografie lokality Ctinéves (okr. Litomérice; viz kap. 6) z roku 2006 (a), 2014 (b), 2016 (¢) a 2019 (d) zpfistupnéné na mapovém serveru
www.mapy.cz. Porostové pfiznaky vice neZ 200 jam, dvou ctyrihelnikovych prikopovych ohrazeni a nékolika dalsich objektd jsou vyrazné dobre patrné na snimcich

z roku 2006 a 2016 na kondi jara. JakoZto kolmé ortorektifikované a georeferencované snimky byly pouZity pii vektorizaci této lokality v prostied GIS.

to convert the visual side of sites with vegetation marks
into digital three-dimensional form, and data from laser
aerial scanning in combination with aerial imaging were
also used in part. In the past two decades, these digital
technologies supporting the identification and documen-
tation of archaeological sites have become essential tools
for their study, protection and promotion (Daly — Evans
/eds./ 2005). Although digital documentation technol-
ogy is already an integral part of modern archaeological
research, only recent rapid development primarily in the
field of UAV (on the use of drones in archaeological sur-
vey, see e.g., Risbol — Gustavsen 2018; Themistocleous et
al. 2015) and the optimisation of software for SfM have
provided the possibility for complex, fast and affordable
processing of even large archaeological sites and larger
landscape units (Westoby et al. 2012).

Both UAV imaging and manual SLR imaging were
used to document sites with vegetation marks in central
and northwest Bohemia (Fig. 10). The two methods were
combined due to the area of the studied subject and so
that the obtained data could be used for the planned
3D computer animation. In order to capture all or part
of the site in greater detail, an image from a DJI Mavic
PRO drone with a 4K camera with the possibility of tak-
ing 12 Mpix pictures was used, with several hundred
vertical photographs usually taken from lower heights.
Manual imaging from an aircraft was used to capture
the overall landscape character needed for understand-
ing the location of the site on a specific georelief map

(terrain edge, spur, the distance from a watercourse,
etc.) or in the case the area of the given site was greater.
The aircraft usually flew around the site in a circle with
the point of interest at its centre, and several dozen
photographs were taken from the angle determined by
the tilt of the aircraft. A Nikon D2 SLR with a resolution
of 13 Mpix was used, and a GoPro HERO 5 with 12 Mpix
resolution was also tested (the stabilisation mechanism
of this camera perfectly eliminates shocks caused by
flight conditions).

The acquired photographs were processed in Agisoft
Photoscan Professional software, long a mainstay in
archaeology, using the usual workflow for processing
aerial images. During the processing of manual imaging
from the aircraft, several reference points (Ground Con-
trol Points — GCPs) were inserted for georeferencing —
more significant objects (e.g., high voltage transmission
towers), for which it was possible to read spatial coor-
dinates from some freely available websites. For photo-
graphs from the UAV, the direct import of spatial coor-
dinates of individual images from the GPS drone was
used, which provides sufficient topographic accuracy
for the given purposes (Carbonneau — Dietrich 2017).
This procedure was chosen mainly for practical time
reasons (the limited time when vegetation marks can be
observed), or some sites were not even physically visited
(when imaging from an aircraft).

The resulting digital 3D model of the site was ex-
ported in one of the usual formats, including texture
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Fig. 10. Placement of oblique pho-
tographs taken from drone over
a double ditched-and-palisaded en-
closure (Kly, distr. Mélnik; see chap-
ter 6) from an aircraft for the purpose
of photogrammetric DTM production
of the site and the following 3D virtual
reconstruction. — Obr. 10. Umisténi
sikmych fotografif porizenych dronem
nad piikopovym a palisédovym ohra-
zenim (Kly, okr. Mélnik; viz kap. 6) za
Ucelem tvorby DTM fotogrammetric-
kym zpracovdnim velkého poctu le-
teckych snimkd a ndsledného vytvo-
feni 3D virtudini rekonstrukce této
lokality.

(OBJ, FBX, 3DS), thus allowing its further editing in
3D modelling software (Blender, Sketchup). Alternatively,
another workflow took place directly in Lumion rendering
software, where additional data in the form of computer
reconstruction models were added to the digital terrain
model. It was also possible in the Lumion software en-
vironment to continue working with materials to highlight
vegetation marks, while another significant advantage
was the ability to simulate various lighting conditions.
The rendering of static images or video also occurred
here, supplemented based on the given situation by other
effects such as phasing animations, the movement of
model parts, changes to model variants, etc. The final
video post-processing was performed in Corel VideoStu-
dio, which in addition to the usual functions such as edit-
ing or timing video, allows you to add additional graphic
elements, including text.

5. The final step. Towards 3D computer
reconstruction models of heritage
revealed by cropmarks

5.1. The creation of 3D computer reconstructions

Archaeological sources are by no means a simple reflec-
tion of the human past, as the information they pro-
vide about past cultures is highly distorted, both quali-
tatively and quantitatively (Neustupny 1986, 528). As
a result of ‘extinction transformation’, archaeological
sources have undergone increased entropy and an
enormous loss of information; in order to overcome this
transformation, modelling is an essential starting point
(Neustupny 1986, 529-530) for attempts to resuscitate
dead sources. By their very nature, archaeological
sources are therefore always incomplete, which greatly
complicates efforts to interpret them and, of course, to
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reconstruct and visualise. In connection with the cre-
ation of three-dimensional computer reconstructions of
archaeological situations, it is necessary to consider
‘data uncertainty’ and the possibility of displaying this
uncertainty in visualisations.

In archaeology, it is not possible to eliminate uncer-
tainty in the data; it is always present to a certain extent,
and in the case of reconstruction models, several hypoth-
eses can usually be considered (Eitelhorg 1995; Kantner
2000, 47). The main factors of contextual and spatial un-
certainty can thus be caused by the type of available data,
their completeness, reliability and interpretation, while
the main problems in visualisations are geometry, loca-
tion, age, colour, texture, material, construction, context
and landscape (Brusaporci 2017). In the reconstruction
model, three areas are affected by uncertainty — shape,
material and appearance (Apollonio 2016, 177). Therefore,
the London Charter, the international convention on the
design and presentation of 3D computer reconstruction
models in archaeology, states that visualisation should
provide precise information on the differences between
real data and hypotheses and between different levels of
their probability (Denard 2012, 60). Methods for visually
designating uncertain data in computer reconstructions
have been dealt with in previous projects, usually by
marking this information using a colour scale, mixed
transparency, a combination of colour scale and trans-
parency, or by using different renderings of the model
surface. The principle that reconstructive visualisations
should have clear relationships between individual com-
ponents according to their credibility thus requires a flex-
ible rather than rigid absolutist approach. The London
Charter does not provide a detailed list of necessary op-
erations, but provides a structured set of suggestions de-
termining specific measures that may be appropriate for
an individual feature with respect to concrete objectives
and circumstances.

PAMATKY ARCHEOLOGICKE CXIV, 2023

243



Gojda — Unger, From Air Survey to GIS-Aided Mapping, Photogrammetry-Based 3D Modelling ...

Years ago, Paul Reilly (1992, 160) pointed out the
need for a proper description of all data in order to fa-
cilitate their later analysis. The content of the model is
generally based on metadata, which are descriptions
of technical aspects, and paradata, which include
a decision-making and interpretation framework, both
of which are essential in obtaining a specific uncer-
tainty scale (Brusaporci 2017, 67-68). The description
of critical data, subjective decisions and ideas enable
the range of possible interpretations to be evaluated in
later analysis (Bruschke — Wacker 2016, 257). Only
documentation maintained in this way provides suffi-
cient explanation about the transparency of the recon-
struction creation process and the credibility of the
visualised model. Thus, skipping this process can sub-
stantially invalidate the scientific knowledge on which
it was based and devalue the entire reconstruction
model. The connection between the data used and the
interpretation of its use is thus fundamental to the as-
sessment of the reality contained in the models and,
as such, clearly separates reconstruction from art
(Bruschke — Wacker 2016, 257). The systematic clas-
sification of techniques for visualising uncertainty
(Pang — Wittenbrink — Lodha 1997) involves adding pic-
tograms, modifying geometry, attributes, animation,
and sound, and proposes the use of various visual sti-
muli depending on whether the data is numeric, vector
or categorical.

5.2. The process of creating and presenting 3D
computer reconstructions in a project

The basis for the creation of a 3D computer reconstruc-
tion of sites revealed by vegetation marks was a model
obtained using SfM, or a combination of aerial imaging
and LiDAR, which contained full colour information
about the surface, i.e., there were recognisable vegeta-
tion marks on it. The 3D computer model of the studied
area intended for import into the graphic software en-
vironment was thus made in a photorealistic style with
a high degree of detail. The use of photorealistic render-
ing in archaeological computer reconstructions has
been the subject of a long discussion which usually
concludes that they are unsuitable for academic en-
vironments (Olivito — Taccola 2014, 181; Wittur 2013,
48). The use of a photorealistic style theoretically means
a high degree of certainty when the geometry and ap-
pearance of the feature is reconstructed on the actual
measured data, which in our case is met and in com-
bination with other graphic styles accepted by the pro-
fessional community (Balkker — Meulenberg — Rode 2003,
161; Olivito — Taccola 2014, 182).

This type of output can thus be relatively easily and
conveniently combined with other computer modelling,
where real and interpreted data can be clearly distin-
guished. Thus, simple geometric or texturally distin-
guishable objects that indicate non-existent structures
can be placed on a photogrammetric model based on
reality. As such, there is immediately a clear difference
between photorealistic parts with a high level of detail
and thus high data certainty and between abstract
modelled parts. We used this approach, for example,
at the large settlements of Bfiza and Straskov, where
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hypothetical reconstructions of settlement features
such as sunken houses, granaries, hay barracks, fences,
etc., were used for a photorealistic terrain model with
a clearly visible spatial distribution of individual vegeta-
tion marks.

The creation of computer models of reconstructions
of individual crop-marked features was based pri-
marily on available information for a given period,
when the appearance of the aboveground parts was
based on interpretations of archaeological excavations
of the identical time period and region. If they were
available, earlier drawing reconstructions of similar
features by various authors were taken into account,
a comparison with data from experimental archae-
ology was performed and available historical analogies
were used. In the majority of cases, the modelling took
place directly into the orthophoto with visible vegeta-
tion marks, or into plans, where the vegetation marks
were converted into vector form in the GIS environ-
ment and the reconstruction models were subse-
quently set in the digital terrain model. For 3D recon-
structions, data achieved by the application of geo-
physical prospection can be helpful just in a limited
way, because being based on contactless measure-
ment they bring a kind of indirect information, from
the methodological perspective similar to information
extracted from crop-marked buried sites. On the other
hand, of importance are geophysical data brought
from sectors of archaeologically positive sites on which
some parts of their areas have — for whatever reason —
no capacity to produce cropmarks over buried fea-
tures.

In order for the final visual outputs from the per-
formed 3D computer reconstruction models to be more
than just ‘pretty pictures’ (Reilly 1991) reducing 3D vi-
sualisations to mere works of art (Barcelé 2001; Sanders
2012), video animations were chosen as the main out-
puts. This type of output allows the visualisation to be
expanded by a great deal of additional information ex-
pressed in textual and graphic form, which can then tell
the viewer the story of the form and significance of the
site in an engaging way while preserving the appropriate
scientific message.

A concept was typically chosen in which the form of
a fly through video’ is used in the introduction, i.e.,
with the camera moving over the area of interest from
an aerial point of view so that both the observed vegeta-
tion marks and the location of the site in the landscape
are clear. Due to the different annual visibility of veg-
etation marks, at this stage photos from other seasons
were inserted into the flight at the same angle and
height from where they were taken, allowing the viewer
to see their different manifestations in a matter of sec-
onds depending on the weather at the time and the
crops that were being grown. At the same time, the area
of interest is also graphically highlighted or the individ-
ual vegetation marks are graphically extracted, and it
is thus clear to the viewer what will be the focus of
further action. When the results of the archaeologi-
cal survey of the site were available, plans from field
research, geophysical prospecting, and in one case
a 3D photogrammetric model of an identical feature
captured in a rescue excavation in the same region were
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inserted into the digital model in the appropriate place.
The animation of the computer reconstruction of the
studied features was produced in a phased manner so
that the very process of creating reconstruction models,
the form of their placement in the field and their basic
construction elements are evident, thus allowing the ex-
pert to directly assess the accuracy of the interpretation
and execution of the 3D computer reconstruction; in
turn, the lay viewer will be able to more easily under-
stand their design and function. When it was necessary
to understand the context, other teaching aids were
used, including a cross-section of the feature, marking
metric data or other data, such as in the Poplze video
depicting the existence and position of the road that the
fortification was to have controlled. Only sometimes in
the final part of the video was a full realistically textured
reconstruction of the site provided, including the sur-
rounding landscape and human figures in order to pro-
vide the lay viewer with a better idea of the depicted
realities. This type of visual expression has a significant
emotional effect, and the viewer identifies with the
image.

6. Virtual 3D reconstruction models
of assorted crop-marked sites

As part of the project Archaeology from the Sky under-
taken by the IAP in the years 2018-2022 and financially
secured by a grant from the Ministry of Culture in the
programme for the support of applied research and de-
velopment of national and cultural identity (NAKI II;
identification number: DG18P020VVO058), targeted im-
aging of selected archaeological sites made visible by
vegetation marks was used for the first time in the
Czech Republic with the aim of creating three-dimen-
sional models of selected sites using the method of
multi-image photogrammetry, which is subsequently
employed for the creation of their 3D computer recon-
structions. This chapter provides an overview of basic
information about the ten sites processed using the
above procedure. When compiling the list of sites to be
included in the project, we primarily wanted to cover
sites of different ages and functions so that their selec-
tion represented a qualitatively diverse group of iden-
tified and subsequently recorded and documented
monuments whose relics are completely buried beneath
the ground and are manifested only indirectly due to
the different (time-varying) characteristics of agricul-
tural crops growing above their ground plans and in the
area away from them.

The video 3D virtual reconstructions of the sites list-
ed in this chapter are available at https://youtube.com/
playlist?list=PL7b9FwaRRVBNt4AN4L2sscLvro4fCC6lo.

Prehistoric rural settlements

Straskov (Litoméfice district; Figs. 8, 11)

The site, a part of which is visible by vegetation marks,
has an area of c. 6.5 hectares and is situated on a ter-
raced sandy ridge with a distinctive edge on the north
and west side, which descends to the valley of the Cepel
Stream and its tributary, the VéSinsky Stream. This is
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a site where detected features were associated with
a residential function (sunken dwellings; aboveground
post-built structures - though their function could also
be non-residential), with storage and the disposal of
waste (granaries, waste pits). These are the above-men-
tioned aboveground post-built structures documented
by the ground plans of five structures which, thanks to
the results of a number of archaeological rescue exca-
vations carried out in the Czech Republic in recent years
(Gojda et al. 2022b) date this site to the late phase of the
Early Iron Age (the Hallstatt period, the Bylany culture
in Bohemia). The site is evidently part of a relatively large
prehistoric residential area situated in the western part
of the landscape below Rip (see Fig. 6). In addition to
several burial features — grave pits located in the middle
of a circular ditch enclosure dated by excavations to
the Middle/Late Bronze Age, and besides a circular me-
dium-sized ditch enclosure (c. 25 metres in diameter)
with entrance interruptions facing the cardinal direc-
tions, which can most likely be identified as a Late Neo-
lithic rondel (these features are located c. 200-400 me-
tres north of the Straskov settlement), in the context of
the Straskov site it is important to mention the sites
around Straskov dated to the Early Iron Age. Additional
sites were recorded with evidence of prehistoric settle-
ment (E and NE part of the cadastre of the village of
Racinéves) to the north of the village. One was a Bylany
culture burial ground, which was repeatedly probed
during the 20" century (1911 - J. L. Pi¢, 1913 -
A. Stocky, K. Buchtela, 1933 — J. Bohm and an Ame-
rican expedition). The most recent investigation in
1998-2006 was conducted by D. Koutecky (Institute
of Archaeological Heritage, Most), who subsequently
published a general overview of the results of all pre-
vious field activities at this site (Koutecky 2008). During
the aerial survey in May 1998, it was even possible to
identify two of the mounds (position 4) that were cap-
tured in the probes in 1911, 1933 and 2006: circular
enclosures with a diameter of about 15 metres and la-
belled on the map in Koutecky’s cited work (Koutecky
2008, obr. 3, 5, 27) as graves 3 and 5 (this area is now
destroyed by advancing sand mining), which were visible
through vegetation marks (ditches/gutters visible in this
way were not recorded at any of the mentioned excava-
tions). Given the dating of settlement features in the area
of the Straskov site to the Early Iron Age (Bylany cul-
ture), we have in this case unique evidence of the Bylany
settlement area, i.e., about its burial and residential
component (the nearest Bylany burial ground is re-
corded in Budyné nad Ohfi, i.e., at a distance of approxi-
mately 10 km; Koutecky 2008, 389). The two sites are
about 2 km apart and are separated by a valley at the
confluence of the Cepel and the Radinéves Stream, so
the visibility from one site to the other is very good.
While the residential/storage (or waste) area is situated
at its southern edge, on a flat terrace with a distinct
northern and western edge, the burial ground is located
on a slight flat slope of the local valley.

Thanks to repeated aerial and archaeological survey
campaigns, the Straskov site is one of the best docu-
mented areas not only in the Rip region, but in the en-
tire territory of the Czech lowland landscapes where
aerial and archaeological survey is conducted (Gojda —
Trefny et al. 2011, 33-36).
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Fig. 11. Straskov (distr. Litomérice):
a — crop-marked Early Iron Age
aboveground houses (2, 3), an
undated sunken house (1), and ir-
regularly dispersed settlement pits
(4), b, ¢ — 3D virtual reconstruction
of the site (author: J. Unger). —
Obr. 11. Straskov (okr. Litoméfice):
a — vegetacnimi pfiznaky dokonale
zviditelnéné pldorysy nadzemnich
domd ze starsi doby Zelezné (2, 3),
(polo)zemnice blize nezndmého
pravékého stdii (1) a nepravidelné
rozptylenych sidlistnich jam (4);
b, ¢ — 3D virtudini rekonstrukce lo-
kality (autor: J. Unger).
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Fig. 12. Racinéves (distr. Litomé-
fice): @ — large area covered by
cropmarks indicating the presence
of many buried prehistoric fea-
tures, including plans of formerly
aboveground post-constructed build-
ings dated to the Early Iron Age
(marked by black arrows; source:
www.mapy.cz); b — 3D virtual re-
construction of the site (author:
J. Unger). — Obr. 12. Racinéves
(okr. Litomérice): a — rozsahld plo-
cha sidlisté s vegetaénimi priznaky
fady pravékych pohrbenych objektd
véetné nadzemnich sloupovych do-
ma ze starsi doby Zelezné (jejich
pldorysy jsou vyznaceny cernymi
Sipkami; zdroj: www.mapy.cz); b —
3D virtudlni rekonstrukce lokality
(autor: J. Unger).
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Racinéves (Litomérice district; Figs. 3, 12)

The site is located on the edge of a flat hill, on a gentle
slope, 600-800 m from the stream (Racinéves Stream).
The site is characterised by:

(a) its large size (the surface of the visible part of the
area is c. 14 hectares). The situation on the north side
is difficult to read due to the dark colour of the field
caused by the accumulation of eroded topsoil from the
hill on which the site is located. Despite this, spot fea-
tures are also visible on this surface. Due to the large
size of this poorly legible terrain, it cannot be ruled out
that the total area is in fact larger and includes (many)
more features than those captured by aerial photo-
graphs;

(b) the considerable predominance of dwellings over
pits; the sunken houses have an average size of 3.5-5 x
2-3 m and are oriented in the east-west direction with
certain deviations; such a large accumulation of sunken
dwellings at a single site is very unique in the context
of all parts of Bohemia studied by the method of aerial
archaeology.

(c) the presence of sunken spot features, the occurrence
of which has been recorded at many other areas and
the interpretation of which is ambiguous (small sunken
houses?, large grave pits?). They are similar in shape to
dwellings; their longer side is slightly shorter than in
the case of dwellings, but their width is usually smaller
(average size: 2.5-3 x 1.5-2 m);

(d) in addition to dwellings and pits, several individual
enclosures (2—4 curvilinear, 1-2 rectilinear; some ground
plans are poorly legible) and spot features arranged in
a certain system (individual and parallel rows of post-
holes, of which the latter represent the floor plans of
aboveground buildings, of the same type known from
Straskov).

Apart from aerial survey, only a surface collection
has been carried out at the site (in its south-eastern
part) to date. However, the assemblage of pottery frag-
ments found here is quite fragmentary and does not
allow a more precise determination of their age (only
generally to later prehistory), with the exception of sig-
nificant specimens dating to the Early Middle Ages.

Prehistoric rural settlement and burial ground

Ctinéves (Litomérice district; Figs. 9, 13)

The site is located on a sandy terrace with steep slopes
significantly higher than the surroundings on the south
and west side, below which springs one of the branches
of the Vrazkov Stream. The area above the developed
part of the town of Ctinéves, on the SW edge of which is
the local Church of St. Matthew with its adjacent cem-
etery, is one of the best-known archaeological sites in
the Rip region, which has repeatedly received the atten-
tion of chroniclers, local history workers, amateur and
professional archaeologists, but also illegal treasure
hunters and local residents. The reason for the in-
creased interest in this site was mainly the fact that the
tomb of the Forefather of Bohemia was traditionally
(from the Early Modern period, i.e., the 16" century)
thought to be here in the field east of the church
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(Sklenar 2008, 49-51). The largest number of finds from
earlier times comes from the Late Bronze Age (Knoviz
culture - collections by M. Liissner from 1867, J. Hrala
from 1970 and M. Najman from 1986). This dating was
also confirmed by an extensive campaign of analytical
collections that took place within a project of the De-
partment of Archaeology of the University of West Bohe-
mia in Plzen (Trefny — Svejcar 201 1). After all, the origin
of most of the spot features in the Ctinéves area could
already be estimated on the basis of their large number,
which is typical for the Late Bronze Age settlements of
the Knoviz culture and which were confirmed by the ex-
cavation of a similarly vast site discovered by aerial sur-
vey in LiSany in the Louny region (Smrz — Majer 1995).
As the images show, it is a large accumulation of about
two hundred spot features — pits, a small circular enclo-
sure (diameter 4-5 m) with a spot feature inside and, fi-
nally, a feature that consists of three parts — an outer ir-
regular square (24 x 24 x 26 x 26 m) and an inner slightly
trapezoidal ditch enclosure (c. 13 x 8 x 15 x 10 m);
roughly in the middle of the outer enclosure is a large
spot feature that can be interpreted as a separate burial
chamber.

All the aforementioned reports as well as the results
of the latest field events suggest that this significant,
strategically situated position on the flat Lower Ohfe
plateau was used repeatedly in the past for various
settlement activities. Based on current knowledge, in-
cluding that gained from the interpretation of data from
aerial and geophysical surveys conducted in 2006, it
can be stated that this is probably the core of a settle-
ment area used in prehistoric times for residential and
burial purposes. With the exception of the immediate
vicinity and the interior of the large enclosure, virtually
the entire SW tip of the local terrace was inhabited in
the Late Bronze Age. According to the previously cited
data, traces of settlements from the Late Eneolithic and
Early Middle Ages were also documented in the studied
Ctinéves area. Unfortunately, the question of the exact
age and purpose (probably burial) of both the enclosure
and the central pit remains unclear even after three sea-
sons of excavations (Kristuf - Svejcar — Trefny 2011).

Hillfort — prehistoric and early medieval enclosed
(fortified) settlement

Pierovska hura (Nymburk district; Fig. 14)

A significant terrain block with an extensive peak pla-
teau forms an important landmark 50 metres above the
local Elbe lowlands. Due to long-term ploughing of this
site, only slight remains are preserved from the original
fortifications. Specifically, these are two parallel ditches
(clearly visible in aerial photographs due to both veg-
etation and soil marks) and two banks visible in a digi-
tal terrain model (DTM) derived from LiDAR data at the
eastern end of Huira. At the western end of the plateau,
the lines of two ditches are clearly visible in aerial pho-
tographs (they were also detected by magnetometric
measurements — Krivdanek 1996), and on the DTM also
the lines of one bank, which is practically undetectable
when viewed from the ground. Some places at this site
have been subjected to archaeological excavation sev-
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Fig. 13. Ctinéves (distr. Litoméfice):
a — aerial photo of the SW part of
the site; b — photogrammetry-based
3D model of the site (author:
J. Unger). — Obr. 13. Ctinéves (okr.
Litoméfice): a — Sikmy letecky sni-
mek JZ &dsti lokality; b — 3D model
porostovych piiznakd lokality pofi-
zeny metodou vicesnimkové foto-
grammetrie (autor: J. Unger).

235-267

eral times since the end of the 19" century, and the
finds obtained from here date the local settlement to
several periods of late prehistory. The fortifications of
the Hara peak can most likely be dated to the Late Hall-
statt period and the Early Middle Ages (Ctverdk et al.
2003).

Prehistoric ritual/ceremonial (?) area enclosed
by a double ditch

Kly (Mélnik district; Fig. 15)

In 1997, east of the town of Kly, a large area was iden-
tified by aerial survey for the first time in the Czech Re-
public, which in the context of Central European agri-
cultural prehistory (or the Proto- or Early Eneolithic in
the Bohemian chronology) we classify in the category of
specific large areas enclosed by a single or multiple
(typically parallel/concentric) ditches, occasionally also

palisade trenches, which surround either the entire
space of the area up to tens of hectares, or part of it, if
the artificially unenclosed part of the perimeter of the
area is protected by a naturally suitable local georelief.
The Kly area is situated in the Mélnik region, in the
heart of the territory most intensively studied by aerial
survey. The structure itself, located immediately to the
east of the village of Kly, has all the characteristic el-
ements that are mostly represented in these large en-
closures only selectively — a multiple ditch, palisade
gutter, and entrance interruption (Gojda et al. 2002). Its
location, dimensions and morphology are similar to
features known from neighbouring countries. This is
a large enclosure composed of a pair of ditches (the
outer and middle line) and a palisade trench (inner line).
We know this scheme both from Danube / Central
European Late Neolithic circular features — rondels, and
from later German and Scandinavian Erdwerke (earth-
works). The outer ditch is visibly disrupted in six places,
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Fig. 14. Prerovskd hara (distr. Nym-
burk): @ — DTM of the site produced
from LIDAR data with visible low ram-
part relics and a double ditch dis-
played via cropmarks (top right); b —
3D virtual reconstruction of the site
(author: J. Unger). — Obr. 14. Pre-
rovskd hdra (okr. Nymburk): a — DTM
lokality pofizeny z leteckych lidaro-
vych dat s patrnymi liniemi nizkych
val a dvojitym prikopem zviditelné-
nym porostovymi pfiznaky (vpravo
nahore); b — 3D virtudlni rekon-
strukce lokality (autor: J. Unger).

the inner ditch in ten places. These openings coincide
on the inner and outer ditch in four (at most five) places,
otherwise they do not match up. The vegetation marks
of the filled ditches in the images from the beginning of
July 2010 are the clearest. On the publicly available
map portal at www.mapy.cz, they appear on ortho-
photos from 2006 and 2015. In the last third of the
1990s, repeated geophysical measurements were taken
in the Kly area; an excavation was conducted in the au-
tumn of 1999 (Foster 2004) and in March 2000 analyt-
ical surface collections were carried out on the entire
area (Kuna 2004). A reconstruction of the previous form
of this area is also of great importance, as it indicated
that at the time to which the ditch system is dated, the
site was a promontory position (part of a Middle Pleis-
tocene Riss terrace) about ten metres above the original
Elbe riverbed, i.e., a site that must have attracted the
settlement interest of local communities for strategic

and/or symbolic reasons in the otherwise flat terrain of
the broad alluvial Elbe Valley (Dreslerova in Gojda et al.
2002). Another excavation was conducted in 2015 (Kri-
Stuf et al. 2019).

Due to the mentioned similarities with previously
registered and archaeologically investigated features in
surrounding countries and especially due to the find of
an entire vessel (a ‘tulip’ cup) in its primary deposition
(the vessel was placed in situ upside down on the bot-
tom of the inner ditch), the Kly area is dated to the
Proto-Eneolithic, to the period of the Michelsberg cul-
ture (c. 4000 BC; Zdpotocky in Gojda et al. 2002; Ber-
temes 1991). The double-trench and palisade system
used in Kly is known, for example, from Heilbronn-Klin-
genberg (Baden-Wiirttemberg; Planck et al. 1994) and
from Urmitz (Rhineland-Palatinate; Boelicke 1976). In
particular, the latter (the largest of its kind in Europe)
is in many respects close to our enclosure: the outer
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Fig. 15. Kly (distr. Mélnik): a — aerial
images of the site (top photo — crop-
marks of the double ditch-and-pali-
sade trench displayed on barley; bot-
tom photo — the site during the
summer flood in 2002); b — 3D vir-
tual reconstruction of the site
(author: J. Unger). — Obr. 15. Kly
(okr. Mélnik): a@ — letecké snimky lo-
kality (nahore — vegetacni priznaky
dvou piikopd a paralelniho Zlabu
palisddy zviditelnéné na jecmeni;
dole — snimek potizeny béhem letni
povodné roku 2002), b — 3D virtudini
rekonstrukce lokality (autor: J. Unger).
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Fig. 16. Cernoucek (distr. Litoméfice):
a — the crop-marked grave pit en-
closed by a rectangular ditch on ae-
rial photo; b — 3D virtual reconstruc-
tion of the site (author: J. Unger). —
Obr. 16. Cernoucek (okr. Litoméfice):
a — sikmy letecky snimek pohrebni
komory a ctvercového piikopového
ohrazeni; b — 3D virtudini rekon-
strukce lokality (autor: J. Unger).

and inner ditches are interrupted by entrances at ir-
regular intervals; at both sites, the outer ditch has fewer
entry interruptions than the inner ditch; of the three
lines of entry, the palisade trench had the fewest. ‘Bas-
tions’ — auxiliary structures in the middle of the twelve
entrance spaces of the inner moat of the Urmitz enclo-
sure, may not have been missing at some entrances to
the Kly structure, as indicated by the existence of
a square feature in front of the entrance to one of the
northern interruptions in the outer moat (the last one
captured by aerial imaging, though not by the geophysi-
cist). However, we also find all of these features that
connect the Kly enclosure with the Michelsberg enclo-
sure in the environment of neighbouring groups belong-
ing - together with Michelsberg - to the Funnel Beaker
culture (KNP), with the area of the northern KNP group
being best documented in this area thanks to long-term
excavations (Andersen 1988; Madsen 1988).

Prehistoric (barrow?) burial ground

Cernouéek (Litomérice district; Fig. 16)

The burial ground near Cernoucek, consisting of one
circular and one square ditch enclosure, was the very
first archaeological site discovered in Bohemia by aerial
survey in 1991 (Gojda 1997). The area has long been
photographed from an airplane and a drone, surveyed
by the GPR station and measured using a magneto-
meter. In 1997, the square enclosure was selected as
an example of a monument of its particular kind and
an excavation was conducted with the aim of gaining an
understanding of the construction and chronological
classification of this type of feature, one that had been
previously unknown in Bohemia (Brni¢ — Sanlkot 2004).
In the middle of the square ditch (14-metre sides),
a burial chamber was uncovered with few finds from
the original inventory (a pottery vessel and several iron
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artefacts: knife, rivets, bracelet, scalptorium, openwork
belt clasp, ring), which together with the results of
radiocarbon dating make it possible to classify the fea-
ture chronologically to the turn of the Hallstatt and
La Téne periods (turn of Ha D3 and LT A), in absolute
terms to the first half of the 5% century BC. Based on
foreign analogies, the burial surrounded by a square
ditch can be considered proof that the buried individual
was a member of the nascent local social elite. With re-
gard to the obtained data, the feature enclosed by
a square uninterrupted ditch in Cernoudek appears as
a delimitation of space (burial area) for the deposition
of a central individual burial of a member of the social
elite whose tomb was covered with a kind of wooden
and stone structure, probably symbolising a posthu-
mous dwelling. The excavation did not make it possible
to determine whether the space inside the square en-
closure was covered by a mound (from soil excavated
from the perimeter ditch). However, given some foreign
analogies, this is at least probable. As for the circular
ditch enclosure located near the square feature and
which, unlike the feature, was interrupted by a single
entrance, even though its burial function is almost cer-
tain, it is not possible to determine without an exca-
vation whether it comes from the same period as the
square enclosure.

Early medieval rural moated site
(farmstead/curtis/curia?)

Ledéice (Mé&lnik district; Fig. 17)

The site discovered during aerial survey in 2000 is situ-
ated on a lower terrain wave (partially eroded due to
long-term ploughing) in the otherwise flat surrounding
land at a distance of c. 600 m from a nameless nonde-
script watercourse. It ranks among the most archae-
ologically intensively investigated areas in the Rip re-
gion (repeated aerial survey and photo documentation,
surface collections, geophysical measurements, excava-
tion).

Probes dug here in 2004 and 2007 documented the
age of the feature, which dates back to the very end of
the Early Middle Ages (turn of the 13% century / first
half of the 13™ century).

The overall ground plan of the feature consists of
a few individual components (A, or A1-A2, B, C),
which appear on a lighter background as dark lines
and spots. They are highlighted by white arrows in
places with poorer legibility. As can be seen in the
Fig. 17, the area is composed of several parts. The
main component consists of two areas delimited by
a (peripheral) line, which due to its width can be al-
most unambiguously interpreted as a ditch, which
was documented by magnetometric measurements
and probes. In terms of stratigraphic relationships,
both areas obviously respect one another, but it is not
possible to determine from the aerial photographs
whether they were created simultaneously and func-
tioned together at one time horizon or throughout
their existence, or whether one of these enclosures
was added to the older one at a later date. If this was
the case, the area with rounded corners can clearly be
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designated as the older of the two enclosed areas,
since due to the occurrence of large spot features in
its central part, it gives the impression of the central
feature of the entire area. If, on the other hand, the
nearly square A2 enclosure forming the southern sec-
tion of two-part area A (the image shows the area from
the west) were older, the photographs would have to
show the continuation of the line of the ditch (filled in
a later phase) in its northern part.

Another part of the area is the space situated east
of the two-part ditch enclosure (component B). The
photo shows a thin curvilinear line (highlighted by ar-
rows) demarcating this space. Compared to the peri-
meter line of the main component of the investigated
area, it is significantly thinner and it can be safely in-
terpreted as a foundation trench for a palisade or
fence. It is clear from the images that this line also
functioned with a high degree of probability as an in-
tegral part of the entire area, because it is found in the
NE corner of the two-part enclosure (of the main com-
ponent of the area, i.e., A) and does not cross it. This
component also includes spot features, which can be
interpreted as pits and sunken dwellings based on
their size and shape.

The last part of the area is a short straight line, which
is an extension of the ditch on the east side of the
square enclosure (component C). However, it is not lo-
cated directly on it, but after a short break of 2-3 metres.
Like the line of the foundation trench (component B), it
ends at the north edge of the adjacent road (today the
local road connecting Ledcice with the village Sazena),
which already appears on the First Military Mapping
and is still one of the few functional roads situated in
the vicinity of Ledcice today. Considering the fact that
the Quaternary geological conditions (subsoil type) and
the current topsoil thickness are practically the same
on both sides of this road, it is conspicuous that none
of the lines of components B and C continue past this
road in any aerial photograph taken so far. This allows
us to assume the considerable age of this road or that
the road already existed here at the time of the con-
struction of the investigated feature and its position
was determined so that its southern edge was adjacent
to this road. Unanswered, of course, is whether the en-
closure of component B remained open towards the
road or whether it was also separated from it in some
way.

In the context of current knowledge about the form
of settlement/economic units of the landed nobility, the
Led¢ice area represents a unique situation that cap-
tures both the shape and size of the (two-part) farm-
stead and the enclosure of the adjacent area. The fenced
area near LedcCice is, in the narrower sense, an estate
(curtis). However, the absence of metal finds, especially
military or equestrian and horse gear, the absence of
‘luxury’ finds, together with the poverty and uniformity
of the pottery assemblage, puts the potential residential
function of the area in a problematic light. Within con-
siderations of an economic function, it is not possible
to unambiguously interpret the dominant component;
we can consider the raising of cattle, and other uses
cannot be ruled out (pub, wine press, etc., or their com-
bination; Gojda et al. 2010).
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Fig. 17. Ledcice (distr. Mélnik): a —
oblique aerial image of the site with
arrows marking ditch-and-palisade
trench; b — 3D virtual reconstruction of
the site (author: J. Unger). — Obr. 17.
LedCice (okr. Mélnik): a — sikmy letecky
snimek lokality s vyznacenym pro-
béhem ohrazujicich prikopl a palisd-
dového Zlabu; b — 3D virtudini rekon-
strukce lokality (autor: J. Unger).

18—19% century field fortifications

Poplze (Litomérice district; Fig. 18)

Aerial survey aimed at identifying the remains of field
fortifications from the summer of 1813, built hastily in
the Ohte River basin after the formation of the Sixth
Anti-Napoleonic Coalition (Russia, Prussia, England,
Sweden, Austria) as a result of the threat of invasion by
Napoleon’s army from Saxony to Bohemia, as well as
searches of written sources related to these events, led
to the discovery of about two dozen features of the
defensive line. Today, relics of the vast majority of
them are completely buried under the surface of the ter-
rain and can be detected under suitable conditions
thanks to vegetation marks (Gojda 2020b; SmrZ — Hlus-
tik 2007).

The presented hornworlk military feature near the vil-
lage of Poplze was the very first field fortification iden-
tified in the territory of Bohemia. However, the oldest
aerial photographs show only a part of the ditch enclo-
sure, which was originally interpreted as a possible part
of the local settlement from the Late Bronze Age, or
a multicultural hilltop settlement located in the neigh-
bouring ‘Vini¢ky’ position (Gojda 1997); only later was
the feature captured in its entire floor plan, allowing for
its correct interpretation (Smrz et al. 1999, 335). The
hornwork near Poplze - a field fortification covering
a large area - is one of the features of this type of field
fortification discovered in the eastern section of the
studied line from 1813 (dimensions: 155 x 65-90 m;
ditch width: 3.5-4 m). It is situated on the north-facing
slope of the distinctive Ohfe right-bank terrace, rising
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Fig. 18. Poplze (distr. Litoméfice):
a — oblique aerial image of the site;
b - 3D virtual reconstruction of the
site (author: J. Unger). — Obr. 18.
Poplze (okr. Litoméfice): a — sikmy
letecky snimek lokality; b — 3D vir-
tudini rekonstrukce lokality (autor:
J. Unger).

above the river surface for about 10 km between Stra-
donice and Kostelec nad Ohri. The terrace towers
30 metres over the Ohfe valley at the site of the fortifi-
cation (the ‘Salominka’ location). As no ditch remains
are preserved (due to colluvial erosion) on the northern
side of the feature, it is not possible to determine
whether the fortification was open on this side or en-
closed by a ditch and a presumed earth mound, as was
the case on the other three sides. It can be assumed
that cannons intended for the protection of the south-
ern bridgehead of Libochovice, located on the right bank
of the Ohte River opposite Poplze, were placed in it.
A detailed aerial image from June 2011 (see Fig. 1) dem-
onstrates an interesting attribute, namely that the pali-
sade was led outside at the southwest corner of the
ditch, where it continued to run parallel to the ditch in
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front of its outer edge. From the Fig. 18a it is clear that
its northern ditch line is interrupted by entrances in
a total of three places.

Hofin (Mélnik district; Fig. 19)

The group of four massive artillery batteries near Hofin
at the confluence of the two most important Czech
rivers, the Labe (Elbe) and the Vltava, above which rises
an important historical town (and before its establish-
ment an important central Bohemian administrative
castle of the Pfemyslid rulers of Bohemia), Mélnik, is
one of two sites of the type of fort line of advanced mas-
sive artillery fortifications identified by air reconnais-
sance to date. They represent a defence system char-
acterised by a concentration of several massive artillery
and infantry redoubts (referred to in these cases as
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Fig. 19. Hofin (distr. Mélnik): a —
oblique image of one of the four artil-
lery batteries displayed via cropmarks,
b — 3D virtual reconstruction of the
site (author: M. Sykora). — Obr. 19.
Hotin (okr. Mélnik): @ — Sikmy snimek
porostovych priznakd jedné ze Ctyr de-
lostreleckych bateri; b — 3D virtudini
rekonstrukce lokality (autor: M. Sy-
kora).

‘forts’), which are either of the same floor plan type and
are not interconnected by ditches, ramparts and paral-
lel roads, or each was constructed on a different floor
plan and their interconnection by a ditch line created
a compact defence base. They were built either in front
of bastion fortresses or near important landscape com-
ponents (e.g., at the confluence of larger rivers) with
strategic links to important roads, cities, etc.

The floor plans of the individual components of the
fort line near Hofin, which are an example of the first of
the types of these areas described above, have been
gradually detected over the course of twenty years since
the end of the last century. In total, this is a set of four
large forts of a specific shape, the floor plan of which
consisted of ditches 5-7 metres wide supplemented in
at least one documented case by a palisade running
parallel to its inner edge. Most likely, this defensive
group was built as the easternmost part of the anti-Na-
poleonic defensive line from the summer of 1813 (Honl

1933). A survey of the entire area, which is farmed an-
nually with recurring ploughing, is currently being pre-
pared using the metal detector method. This could con-
tribute to the definitive confirmation (or, conversely, to
the challenging) of the assumption of its origin in the
period of the final phase of the First French Empire.
Anyway, also a possibility that the fort line near Hofin
was constructed a half century later as a result of the
tension between Prussia and Austria in the 1860s
(which was terminated by the war in 1866) cannot be
excluded.

Tfeboutice (Litoméfice district; Fig. 20)

A complex of massive advanced artillery batteries, ty-
pologically distinct from the Hofin area, was built al-
most half a century later (shortly after the middle of the
19% century) on the distinctive right-bank terrace of the
Elbe between Litomeéfice, Trnovany and Treboutice. Its
primary purpose was to protect the massive Terezin

256

PAMATKY ARCHEOLOGICKE CXIV, 2023



Gojda — Unger, From Air Survey to GIS-Aided Mapping, Photogrammetry-Based 3D Modelling ... 235-267

Clumivungs #Mhecsichts-Tian

_am.mﬁfk“ ol
P’*—“"“""ﬁ s wdusrf

Il

Wk |

e B 3 _
-_._/_ rﬂ“ﬂ"*m et et

=

Fig. 20. Treboutice (distr. Litomérice): a — original plan of the fortification line; b — oblique image of the site displayed via cropmarks; € — vertical photo of the site taken
in the mid-1950s, d — obligue photo of the site taken in a late afternoon in winter — the buried parts of the line are visible via shadowmarks; e — 3D virtual reconstruction
of the site (author: M. Sykora). — Obr. 20. Treboutice (distr. Litoméfice): a — plvodni pldn fortové linie; b — sikmy snimek lokality s objekty zviditelnénymi vegetacnimi
priznaky; € — kolmd fotografie lokality pofizend v poloviné 50. let minulého stoleti; d — sikmy letecky snimek lokality porizeny v pozdnich odpolednich hodindch v zimnim
obdobi — pohibené ¢dsti liniového opevnéni jsou zviditelnéné prostiednictvim stinovych priznakd, e — 3D virtudini rekonstrukce lokality (autor: M. Sykora).
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bastion fortress built at the end of the 18% century from
the impending invasion of Prussian troops into the ter-
ritory of the Habsburg Empire. The individual forts of
the main line, marked on the original plan as Werk I —
Werk V (see Fig. 20a), were formed by ditches over 10 m
wide, the embankments of which, built of excavated
soil, reached a height of 2-3 m. The buildings were de-
signed for installing artillery batteries. The whole sys-
tem was closed at its eastern end by a fortress on
Kremin Hill and was supplemented by smaller redoubts
and redans situated in the floodplain of the Elbe
riverbed on both of its banks. In contrast to the defen-
sive arrangement of the batteries near Horin, each of
the Tfeboutice fortified structures had a unique layout
and the batteries were also interconnected by the line
of an earth rampart, a moat and a road. Since the sec-
ond half of the 1990s, this area has been continuously
studied and photo-documented, and its components
have been photographed from the ground several times.

Fortresses 1-6 (see Fig. 20c) are still captured as
structures preserved in the terrain on military to-
pographic maps (coordinate system S-42) from 1977
(though it is difficult to say what state of preservation
they were actually in) and this condition is also cap-
tured in the aerial survey image from the mid-1950s
(Fig. 20c). Today, structure 4 has been completely re-
moved and the space it occupied has become part of the
surrounding field. Until the end of the last decade, there
was a belief that its remains were perfectly levelled and,
under the influence of permanently applied agrotech-
nical procedures (ploughing, harrowing), could be cap-
tured in plan only through vegetation marks, photo-
graphically documented during aerial survey — for the
first time in 1997. This assumption also seemed to be
confirmed by ground photographs taken at the site:
the surface of the field on which fort 4 is located bears
the barely visible bumps that document the existence
of the defunct structure. Only the testimony of two
other sources from the field of remote sensing proved
that the described objects are in fact still preserved in
very low relief and even after two to three decades of
ploughing could not completely level them with the sur-
rounding terrain. This fact was first determined during
a reconnaissance flight in late December 2009, when,
thanks to the position of the sun, which at that time
was just above the horizon, it was possible to take
oblique photographs of the investigated fortifications,
which have great testimonial value. The extremely low
source of light was able to depict the exact floor plan of
the defunct fort and other seemingly completely aligned
parts of the fortifications, even with visually unrecognis-
able terrain irregularities (Fig. 20d). A particular uncer-
tainty as to whether these were soil rather than shadow
indications set in when, as part of a research project of
the University of West Bohemia in Plzeri, LIDAR images
of the entire system of advanced fortifications were ob-
tained (Gojda — John et al. 2013).

The information contained in the data obtained by
several remote sensing methods (aerial perpendicular/
surveying photographs, oblique images taken by a hand-
held camera from a low-flying aircraft, digital relief
model obtained by remote laser scanning, topographic
map) helped in the case of the Terezin advanced fortifi-
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cation system to assess the condition of this monument
at a time when its integrity was essentially intact, i.e.,
about one century after the construction of the entire
complex (1950s) and thus capture the original appear-
ance of its individual parts. This applies, for example,
to a line formation connecting individual forts, which
can be characterised in the photograph in question as
an earth embankment (rampart), practically defunct
today, to which a road adjoins on both sides. Com-
bined with the testimony of mainly oblique photographs
(specifically those that capture vegetation marks) and
the LiDAR image, the original situation can be recon-
structed so that the line adjacent to the rampart on its
northern side is a filled ditch, and the line on the oppo-
site side was probably a road sunk below the level of the
local terrain. This line is visibly thinner in the photo-
graphs, which illustrates the ground plan of the sunken
parts of the fortification system with perfectly drawn
contours, and its width corresponds to the line of the
parallel, south-facing and now defunct road, which was
still functional a half century ago.

The reconstructed virtual model of the Tfeboutice de-
fensive line is focused on individual forts (constructed
according to their original plans; Fig. 20e) while the ad-
jacent linear (ditch/road/rampart) system was simpli-
fied: its possible appearance was not reconstructed and
just one line — a ditch — was included to the resulted vir-
tual model.

7. Evaluating the credibility
of computer animation

While visualisation is a more powerful means of ex-
pression compared to text, its explanatory value may be
diminished in the absence of a proper description of the
model building process. If the visualisation does not
clearly communicate the process of its creation, how the
research questions were asked, how carefully the avail-
able information was studied and interpreted, or how
exacting or creative the reconstruction is, will be of little
consequence. Besides the creation of the visualisation
itself, documentation of how decisions are made about
the various components of the model plays an impor-
tant role, and the importance of documenting this pro-
cess is essential to ensure a level of transparency,
which is even mentioned in the London Charter (Brusa-
porci 2017).

For the selected video animations, we thus attempted
to express their credibility by means of a table (Tab. 1)
including both metadata and paradata of the displayed
scenes. A rating system permitting a selection from
three options was chosen for each of these, and multiple
variants were not entered mainly to limit subjective
decision-making as much as possible. Based on the
chosen option, each of the descriptors is assigned
a value of 100, 50 or O, the data are added up and aver-
aged to obtain a final percentage expression of the
trustworthiness of the given computer scene.

The Table 1 contains three basic parts: the first part
(1-4) is devoted to the evaluation of the available data
used in the construction of the digital scene of the site
with vegetation marks, the second part (5-8) quantifies
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Tab. 1. Sites achieve the

« o Prerovska = . -
highest credibility first of all Straskov | Racinéves hiira Kly | Cernoucek | Ledcice
thanks to a complex re- 1. Drone survey 100 100 0 0 100 100
mote sL‘je:émg‘doc;Jmenta— 2. Use of scanning from multiple seasons inputs 100 100 100 100 0 100
tion (UAV, aircrafi, more 3. Use of LiDAR 0 0 100 | 100 0 0
seasons) in connection
with data from fieldwork 4. Use of GIS plans 100 100 0 0 0 100
and non-invasive survey. 5. Use of excavation results 100 0 0 100 100 100
When the 3D computer re- 6. Use of results from non-destructive investigations 0 0 0 100 100 100
COHSUUCJ’Q”, s Pf%’edy 7. Identification of vegetation marks 100 100 50 100 100 100
executed it Is possible to 8. Known analogies 100 50 100 50 100 50
achieve hypothetical credi- - - —
bility of computer anima- 9. 3D reconstruction graphically distinguished 100 100 0 0 0 100
tion of a particular site up 10. 3D reconstruction phased 100 100 0 0 100 50
to 80%. Credibility 80% 65% 35% 55% 60% 80%

the data necessary for the creation of computer recon-
structions of archaeological features, and the third part
(9-10) also takes into account whether the video sat-
isfies international conventions for the display of digital
reconstructions.

The first part considers whether a drone was used at
the site, because this type of documentation allows its
most detailed digital documentation usable both for the
recognition of vegetation marks and for the creation of
a 3D computer model of the relevant terrain. Due to the
varying appearance of vegetation marks depending on
the climatic conditions in the different seasons, whether
the site was surveyed more than once or whether other
sources such as satellite maps or aerial photography
were used was evaluated. Moreover, due to the high
spatial accuracy of these methods, the use of airborne
laser scanning data and plans created in GIS were also
included.

The second part of the table describes the possible
pitfalls in the creation of computer reconstructions of
features derived from the manifestations of vegetation
marks, where the availability of results from field ar-
chaeological excavations or non-destructive surveys
was an essential evaluation criterion, as this type of
data significantly increases the probability of a correct
assessment of the type and function of the given fea-
ture, which are otherwise estimated only on the basis
of vegetation marks. For the same reason, the actual
legibility of the vegetation marks is critical for the re-
construction of the archaeological contexts of interest,
as is the question of whether analogies from similar ar-
chaeological contexts can be used as a basis for the re-
construction. For the credibility of the computer recon-
struction with the viewer, it is also necessary to evaluate
whether these reconstructions are distinguished from
the surrounding real environment and thus communi-
cate their distinct hypothetical nature, and also whether
the construction of the computer models is animated so
that the viewer can assess the process of creating the
reconstruction.

As part of the visualisation uncertainty, we decided
to try a wide range of different approaches to help the
viewer interpret the credibility level of the displayed
data based on methods that are applicable to three-di-
mensional computer models (Griethe — Schumann 2006);
the following main forms were chosen: free graphic
variables — they affect hue, texture, lighting, sharpness,

transparency, and colour sequences can be used; side
by side - compares two or more visualisations side by
side; animation — allows dynamic representation and
identification of changes; integration of other types of
data - adding other objects such as pictograms, graphs,
tables or text.

8. Discussion

Compared to verbal or textual communication, visual
communication is a much more effective form, as it
works faster, in parallel and in many dimensions (Hrbelk
1968, 551). The choice of a graphic method of ex-
pression can thus accelerate the interpretation process,
making it an easier, clearer and more concise form of
communication (Tondl 1996, 176). And precisely be-
cause visualisations make it possible to significantly
speed up the entire learning process, they are of great
importance for use in teaching, science and its popu-
larisation. This acceleration of the cognitive process is
very desirable especially today, as the enormous influx
of information limits the human ability to meaningfully
classify and organise this quantity (Nevérilova 2004, 4).

In contrast to traditional text forms, the shortening
of the interpretation time making it possible, using ap-
propriate visualisation, to quickly obtain an overall
image of the given issue is of great service to science.
Data visualisation in science is a means of learning and
understanding hitherto unknown facts, which differs
from typical presentation graphics, which display al-
ready known information and only facilitate communi-
cation. The visualisation of scientific data, on the other
hand, is a tool that facilitates their synthesis, analysis
and interpretation, and the method of research (Sochor
et al. 1997).

In the field of information technology, visualisation
is a method used to transform symbols into a geometric
dimension, allowing you to perform further simulations
and calculations. Visualisation is thus a form that
allows you to see the invisible and offer new, unex-
pected perspectives in scientific processes (McCormick
et al. 1987). Moreover, if we operate with features that
are too complex, incomprehensible, or exist only in our
minds, it is extremely desirable to create their visual
models that serve to better understand their construc-
tion, organisation, or transformation. Modelling thus
creates analogies to realities that do not have an actual
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visual form, which mainly concerns multidimensional
non-existent structures or objects that change over time
(Nevérilova 2004).

The presented outputs are focused not only on the
professional community, where the concept of video
animation was directed towards the presentation of
hard data and the construction of expert visualisation,
but also to the general public, where emphasis was then
placed on generating natural interest in the topic and
the easy understanding of displayed information. The
concept was also based on the fact that the outputs will
be presented primarily on digital media and the inter-
net, where the visualisation has only a few seconds to
grab the viewer’s attention. Therefore, the short form of
a video lasting at most a few minutes, with fast scene
changes and the use of motion in animation was
chosen.

9. Conclusion

The processing of analysed and interpreted aerial pho-
tographs taken during active aerial survey from low
altitudes into orthorectified and georeferenced maps
(large areas with traces of past settlement activities
made visible primarily by indirect — vegetation - indica-
tors) and detailed plans of individual sites (i.e., accumu-
lations of buried anthropogenic features of prehistoric
and historical origin in a small area) can undoubtedly
be considered the most important step in the process
of their evaluation, both in terms of care for archae-
ological heritage and with regard to their further use in
research. It is precisely this processing that multiplies
the potential of discoveries made through aerial survey
and archaeological interpretation of aerial/satellite pho-
tographs. The aerial images in the archive of the IAP
will continue to be processed in this manner and in
the transformed manifestation of maps and plans will
become integral parts of the AMCR (www.archeologicka
mapa.cz) — the platform of the central Archaeological
Information System of the Czech Republic (http://www
.aiscr.cz). As hitherto produced (video animated) virtual
reconstruction models of archaeological sites detected via
cropmarks indicate their production based on the poten-
tial of computer 3D reconstructions in research and the
popularization of its achievements extensively widen
possibilities of image based archaeological interpreta-
tion of sites, features and monuments in terms of their
original appearance. For this reason, the production of
3D reconstruction models of crop-marked heritage
should be firmly included to the set of methodological in-
struments of current archaeology.
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Souhrn

1. Uvod (obr. 1)

V prabéhu poslednich triceti let probihd v Cechach pééi Archeologic-
kého uistavu AV CR v Praze (ARU) program, jehoZ cilem je shromaz-
dovani informaci o archeologickém potencidlu vybranych oblasti
(predevsim niZin a povodi velkych fek v tzv. starém sidelnim tizemi)
pomoci dalkového, konkrétné leteckého prizkumu za podpory dal-
Sich nedestruktivnich metod. Od roku 2014 je provadéna analyza
a interpretace leteckych fotografii porizenych v pribéhu aktivniho
vizuélniho letecko-archeologického priizkumu. Nasledné jsou v pro-
stfedi GIS mapovany (vektorizovany) rektifikované a georeferenco-
vané slozky archeologické naplné identifikovanych lokalit, datova-
nych od mladsiho/zemédélského pravéku do pocatku 21. stoleti.

Je to pravé transformace interpretovanych fotografii archeo-
logického nemovitého dédictvi do map/plant, jiZ povazujeme za
jeden z nejdulezit€jSich kroku v procesu jejich zhodnoceni, a to jak
pro potreby péce a ochrany pamatek, tak s ohledem na jejich vy-
uziti ve védeckém vyzkumu.

Od roku 2018 jsme zacali s pofizovanim leteckych fotografii vy-
branych priznakovych lokalit z bezpilotnich letounti (dront, UAV).
Pocetné série snimku pofizované ve vrcholné fazi vegeta¢niho cyklu
zemédélskych plodin nad kazdou z vybranych lokalit nasledné
slouzi k vytvoreni digitdlniho modelu povrchu (DMP) prostfednic-
tvim principu vicesnimkové fotogrammetrie, ktery umoziuje vytvo-
it videoklipy virtualnich lett: pravékymi vesnicemi, hradisti, pohre-
bisti, vojenskymi objekty a dalsimi komponentami archeologické
krajiny zviditelnénymi porostovymi priznaky. Poté DMP slouzi jako
zéklad tvorby 3D rekonstrukénich modelt lokalit, z nichz velka vét-
Sina nebyla zkouména odkryvem. Ptidorysy vytvarené porostovymi
priznaky, které je casto vykresluji ve velkém detailu, slouZzi jako za-
kladni prostfedek k rekonstrukci pravdépodobné podoby modelo-
vanych objektt1.

Spatrujeme dvoji potencial 3D rekonstrukénich modela vytva-
fenych z ,neviditelnych* komponent archeologického dédictvi — jako
podporu vétsi systematické pozornosti archeologu analyze, zpraco-
vani a interpretaci dat dalkového pruzkumu Zemé a jako metodu
schopnou vyznamné zvysit zajem S§irsi vefejnosti o minulost.

2. \legetacni pfiznaky jako projev krajinné paméti
(obr. 2-5)

Vyznam tzv. vegetacnich pfiznakt v archeologickém vyzkumu je
uznavan jiZz od pocatkt letecké archeologie, jejiZ dopad na evidenci
nemovité slozky archeologického dédictvi a na tvorbu archeologic-
kych map byl v minulosti (Maxwell /ed./ 1983) vniman stejné za-
sadné jako dnes (Verhoeven — Cowley - Traviglia /eds./ 2021; Gojda
2020a; Tapete /ed./ 2019; Luo et al. 2019a; Opitz — Herrmann 2018;
Forte — Campana /eds./ 2016). Informace o archeologickych nemo-
vitych pamatkach shromazdované metodami dalkového prazkumu
maji v porovnani s tradiénimi postupy ziskavani poznatku jiné cha-
rakteristiky. Pfedevsim je to georeference identifikovanych kompo-
nent (jiz pfedchazi jejich ortorektifikace), ktera je vétsinou diky
dobfe patrné hranici mezi vy$kou a zbarvenim plodin rostoucich
nad ptidorysy pohrbenych objektti a mimo né presné urcitelna bud
v zemépisnych koordinatech, ¢i v rovinném souradnicovém sy-
stému. Jako body ¢i polygony lze tyto komponenty analyticky zpra-
covat v digitalnim prostfedi, dnes prevazné pomoci GIS. Celkovou
velikost plochy zaplnéné komponentami sice vétSinou nelze stano-
vit, nicméné prostrednictvim vegetacnich priznakti méame k dispo-
zici celkovy pudorys konkrétni ¢asti jednoho sidelniho aredlu (pfi-
padné nékolika sidelnich arealt, které se prekryvaji) a miiZzeme na
ném urcit jeho kvalitativni a kvantitativni sloZeni, tedy druhové
zastoupeni jednotlivych objektd, jejich vzajemny prostorovy vztah
a jejich prislusnost k jednomu a témuz sidelnimu arealu. Soubor
takovychto komponent lze vyuZit k dalsim analyzam. Vysledky le-
teckého priizkumu provadéného systematicky po dobu alespori
nékolika let tedy ve srovnani s pramennou zédkladnou shromazdo-
vanou dlouhodobé tradi¢nimi postupy potvrzuji husté pravéké osid-
leni mnoha poloh. Zaroven nds informuji o tom, jakymi druhy
a jakym poctem objektt1 jsou tyto polohy zaplnény (viz obr. 2).
Fenoménu vegeta¢nich priznaku si lidé vSimali odedavna.
Poprvé byly zminény roku 1541 v dile anglického staroZitnika
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J. Lelanda (Fagan 1959) a jako projev indikujici pfitomnost pod po-
vrchem ukrytych relikti antropogenniho ptivodu byly interpreto-
vané o pul stoleti pozdéji W. Camdenem (Wilson 1996, 42-43). Ve
stfedni Evropé, konkrétné v Cechéch, bylo pozorovani porostovych
pfiznakti poprvé zaznamenano v poloviné 19. stoleti, kdy K. V. Zap
referoval o tomto jevu v souvislosti s popisem arealu bojisté u Kolina,
kde ztotoZnil mista s projevy porostovych pfiznakt s hroby vojakt
padlych v jedné z nejkrvavéjsich bitev Sedmileté valky (1756-1763;
Zap 1855; k zaznamum o vyskytu porostovych priznakt pred roz-
vojem letectvi viz téZ Benson — Miles 1974; Schmidt 1893, 244-247;
Pi¢ 1903, 9). Od 20. let minulého stoleti je problematika vegeta¢nich
priznakti, jakoZto v evropském prostoru zdaleka nejcastéji vyuziva-
nych indikatorti pamatek pohibenych pod zemi, predmétem trvalého
odborného zajmu (Crawford 1929; Riley 1946 a 1983; Jones — Evans
1975; Stanjek — Fassbinder 1995; Palmer 1996; Bewley 1996; Wilson
2000; Barber 2011, 111-127).

3. Prvni krok: zpracovani lokalit detekovanych
prostfednictvim vegetacnich pfiznak do podoby
vektorizovanych pland (obr. 6-9)

Od néstupu praktické implementace GIS do archeologie v 90. letech
minulého stoleti ovlivnil zptisob mapovani predevsim britsky Na-
tional Mapping Programme (NMP, dnes pod oznac¢enim Historic Eng-
land Aerial Investigation and Mapping — https:/ /historicengland
.org.uk/research/results/reports/46-2019), zaloZeny na analyze
leteckych fotografii a archeologické interpretaci vegeta¢nich pri-
znaku na nich zachycenych (Horne 2009; k projekttiim predchaze-
jicim NMP viz Stoertz 1997; Palmer 1984). Stal se inspiraci dlou-
holetého programu leteckého priizkumu, ktery je od roku 1992
soucasti védecko-vyzkumné agendy praZského Archeologického
ustavu AV CR. Vyuzit potencialu tohoto - dnes jiZz plné digitalizo-
vaného a na internetovych strankach Digitalniho archivu Archeo-
logické mapy CR (https://digiarchiv.aiscr.cz/) zvefejnéného - sou-
boru znamena prevést metodou vektorizace interpretované Sikmé
letecké snimky pohibenych archeologickych lokalit do podoby di-
gitalizovanych planti umisténych ve formé vektorové vrstvy v pro-
stfedi GIS. Timto postupem ziskavaji informace uloZené na letecké
fotografii stejnou kvalitu, jaka je pozadovana od dokumentace ne-
movitych archeologickych objektt1 pfi terénnich odkryvech — zname
jejich presnou velikost, tvar, rozméry a vzajemné prostorové vztahy
(Malina 2020; Gojda et al. 2022a).

Velkou vyhodou je v soucasnosti moznost pracovat pii rektifi-
kaci s ortofotomapami z prostredi mapovych portali. Lze vyuZit
vetsi mnoZstvi na nich zachycenych objektti, které mohou poslouZit
jako referen¢ni body a také je zde nemaly pocet lokalit v podobé
porostovych priznakt zachycen a zviditelnén. Optimélni mozZnosti
je pak s pomoci georeferencovanych leteckych méfickych snimkt
a ortofotomap provadét rektifikaci v prostredi GIS. Na jejich pod-
kladé jsou rektifikovany Sikmé snimky a do samostatné vrstvy
nasledné mutiZe byt digitalizovan (resp. vektorizovan) jejich archeo-
logicky obsah. Timto zptisobem lze kombinovat plany vSech fotole-
tecky zachycenych lokalit, které je moZzné néasledné prohliZet na
podkladu topografickych map nebo leteckych ¢i druZicovych orto-
fotomap dostupnych v GIS prostfednictvim mapovych sluzeb
(WMS). Zaroven pii tomto procesu vznika evidence jednotlivych
objektu zachycenych na snimcich, véetné vlastniho metadatového
popisu. Takova data jsou pouZitelna nejen jako podklad pro ma-
povani, ale téZ jako primarni data pro vyzkumné ucely.

Finalnim produktem celého tohoto procesu je podrobna 2D mapa
archeologickych lokalit, na niZ jsou zachyceny ptidorysy vSech pod
zemi ukrytych, ale diky vegeta¢nim priznaktim zviditelnénych, ob-
jekta. V projektu ARU bylo dosud takto zmapovano 230 lokalit.

4. Druhy krok: produkce 3D obraz{i lokalit
s porostovymi pfiznaky pomoci vicesnimkové
(letecké) fotogrammetrie (obr. 10)

Oproti predchozim analogovym vystuptm vneslo zavedeni digital-
nich technologii do letecké archeologie zcela novou dimenzi, kdy
se finalni data stala trojrozmérnymi, multifunkénimi a virtualnimi.
Rozsifeni tradiéniho prezenta¢niho ramce o virtudlni prostor vy-
tvorilo podminky i pro zménu systému a metod prezentace archeo-
logickych kontextli porostovych pfiznakii.
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Paralelné s transformaci objektt archeologického zajmu do po-
lygonu vektorové vrstvy digitalni archeologické mapy dochazi k po-
fizovani 3D obrazti vybranych lokalit. Ty slouZzi k detailné&jSimu
poznani konkrétnich charakteristik vegetac¢nich priznaku doku-
mentované lokality a také k ziskani celkové podrobnéjsi vizualni
predstavy o lokalit€, resp. o jeji topografii (Stal et al. 2013; Remon-
dino 201 1; Ioannidis et al. 2000).

Pro prevod vizudlni stranky lokalit s porostovymi pfiznaky do
digitalni trojrozmérné podoby byly primarné zvoleny metody Image
Based Modelling a Structure from Motion (SfM), vyuzita byla ¢as-
tecné i data z laserového leteckého skenovani v kombinaci s letec-
kym snimkovanim. Nedavny rychly vyvoj predevsim v oblasti UAV
(k vyuziti dront1 v archeologickém priizkumu viz napf. Risbgl - Gus-
tavsen 2018; Themistocleous et al. 2015) a optimalizace softwaro-
vého feseni pro SfM poskytly moznosti pro komplexni, rychlé a ce-
nové dostupné zpracovani i rozlehlych archeologickych lokalit ¢i
vétsich krajinnych celktl (Westoby et al. 2012).

Pri dokumentaci lokalit s porostovymi pfiznaky ve stfednich
a severozapadnich Cechach bylo pouZito snimkovéani jak pomoci
UAV, tak prostfednictvim §ikmého snimkovani zrcadlovym fotoapa-
ratem z letadla. Pro potfebu detailnéjsiho zachyceni celé lokality
nebo jeji ¢asti bylo pouZito snimkovani z dronu DJI Mavic PRO dis-
ponujiciho 4K kamerou s mozZnosti pofizovani 12Mpix snimkti.
Rucéni snimkovani z letadla bylo pouzito pro celkové zachyceni kra-
jinného razu potfebného pro pochopeni situovani lokality na kon-
krétni georeliéf nebo v pfipadé vétsi rozlohy dané lokality. Lokalita
tak byla obvykle nalétnuta v kruhu se stfedem v mist€ zajmu a bylo
porizeno nékolik desitek fotografii z thlu daného nédklonem letadla.
PouZita byla zrcadlovka Nikon D2 s rozliSenim 13 Mpix/snimek
a vyzkouseno bylo i fotografovani z kamery GoPro HERO 5 s rozli-
Senim 12 Mpix/snimek, jejiZ stabiliza¢ni mechanismus dokonale
eliminuje otresy zptisobené letovymi podminkami.

Zpracovani ziskanych fotografii probihalo v softwaru Agisoft
Photoscan Professional. Pfi zpracovani ru¢niho snimkovani z le-
tadla bylo vloZeno né€kolik referen¢nich bod, u kterych Slo odecist
prostorové souradnice z nékterych volné dostupnych webovych
stranek. U fotografii z UAV byl vyuzit pfimy import prostorovych
soufadnic jednotlivych snimkt z GPS dronu, coZ pro dané tcely
poskytuje dostate¢nou topografickou presnost (Carbonneau — Diet-
rich 2017). Tento postup byl zvolen pfedevsim z praktickych ¢a-
sovych duvodt (omezena doba, kdy jsou porostové priznaky po-
zorovatelné). Nékteré lokality nebyly ani fyzicky navstiveny (pfi
snimkovani z letadla).

Vysledny digitalni 3D model dané lokality byl vyexportovan
v né€kterém z obvyklych forméatt véetné textury (OBJ, FBX, 3DS),
umoznujicim jeho dalsi tpravy ve 3D modelovacich softwarech
(Blender, Sketchup). Pripadné probihalo dalsi workflow rovnou
v renderovacim softwaru Lumion, kde byla do digitalniho modelu
terénu pridavana dalsi data ve formé pocitacovych rekonstruk-
¢nich modelt1. V prostfedi softwaru Lumion bylo také mozné dale
pracovat s materidly pro zvyraznéni porostovych priznaka a dalsi
vyhodou byla i moZnost simulace riznych svételnych podminek.
Zde také probéhl render statickych obrazti nebo videa, ktery byl
dle situace doplnén dalsimi efekty typu rozfdzovani animaci, po-
hybu ¢asti modelu, zmén variant modelu atd. Findlni video post-
processing byl vytvoren v programu Corel VideoStudio, ktery kromé
obvyklych funkci (jako je stfih ¢i ¢asovani videa) umoziuje prida-
vani dalSich grafickych prvki véetné textu.

5. Zavérecny krok: vytvafeni animovanych 3D
rekonstrukénich model komponent archeologického
dédictvi zviditelnénych porostovymi pfiznaky

5.1. 3D pocitacové rekonstrukce

Archeologické prameny nejsou jednoduchym odrazem lidskych
déjin, nebot informace, které o minulych kulturach podavaji, jsou
velice siln€ zkreslené jak po strance kvalitativni, tak i kvantitativni
(Neustupny 1986, 528). Jsou ze své podstaty vzdy netplné, coz ve-
lice komplikuje snahu o jejich interpretaci, a tim padem i o rekon-
strukci a vizualizaci. V souvislosti s tvorbou trojrozmérnych poé¢i-
tacovych rekonstrukci archeologickych situaci je potfeba vzit
v potaz termin tzv. ,nejistoty v datech” a moZnosti zobrazeni této
nejistoty ve vizualizacich.
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Hlavni faktory kontextové i prostorové nejistoty mohou byt za-
a interpretaci, priéemz ve vizualizacich se hlavni problémy tykaji
geometrie, umisténi, stafi, barvy, textury, materialu, konstrukce,
kontextu a krajiny (Brusaporci 2017). V rekonstrukénim modelu
jsou nejistotou ovlivnény tfi oblasti — tvar, material a vzhled (Apol-
lonio 2016, 177). Metody, jak vizualné oznacit nejista data v poci-
tacovych rekonstrukcich, byly v dosavadnich projektech reSeny ob-
vykle oznac¢enim téchto informaci pomoci barevné skaly, smiSené
pruhlednosti, kombinaci barevné stupnice a prihlednosti nebo po-
uzitim rizného vykresleni povrchu modelu.

Obsah modelu je obecné zaloZen na metadatech, ktera jsou po-
pisem technickych aspektt1, a na paradatech, ktera zahrnuji sy-
stematiku rozhodovani a interpretace — ob€ sloZky jsou zasadni pro
ziskani konkrétni stupnice nejistoty (Brusaporci 2017, 67-68). De-
skripce i kritickych udajti, subjektivnich rozhodnuti a predstav
umozni v pozdéjsi analyze zhodnotit Skalu moZnych interpretaci
(Bruschke — Wacker 2016, 257). Preskoceni tohoto procesu muize
znacné znevérohodnit védecké poznatky, ze kterych se vychazelo,
a hodnotu celého rekonstrukéniho modelu. Systematicka klasifi-
kace technik vizualizace nejistoty (Pang — Wittenbrink — Lodha
1997) zahrnuje pridani piktogramui, upraveni geometrie, atributu,
animace a zvuku a navrhuje pouZiti riznych vizuéalnich podnéta
podle toho, jestli jde o data numerickd, vektorova nebo kategoricka.

5.2. Postup tvorby a prezentace 3D pocitatovych rekonstrukci

3D pocitac¢ovy model studovaného tizemi urc¢eny pro import do pro-
stfedi grafickych softwart byl proveden ve fotorealistickém stylu
a obsahoval vysokou miru detailu. Jeho pouziti teoreticky znamena
vysokou jistotu, Ze geometrie a vzhled objektu jsou rekonstruovany
na skuteénych namérenych datech, a v kombinaci s dalSimi gra-
fickymi styly je tento postup pfijiméan i odbornou obci (Bakker —
Meulenberg — Rode 2003, 161; Olivito — Taccola 2014, 182).

Na fotogrammetricky model zaloZeny na skute¢nosti 1ze umistit
jednoduché geometrické nebo texturové odlisitelné objekty, které
predstavuji neexistujici struktury. Je zde tak ihned zretelny rozdil
mezi fotorealistickymi ¢adstmi s vysokou mirou detailt1, a tim padem
ivysokou jistotou dat, a mezi abstraktnimi domodelovanymi ¢astmi.

Tvorba poé¢itacovych modelt rekonstrukei jednotlivych nemovi-
tych struktur byla zaloZena predevsim na dostupnych informacich
pro dané obdobi, kdy podoba nadzemnich ¢asti vychazela z inter-
pretaci archeologickych vyzkumu identické ¢asové periody v daném
regionu. Bylo prihlédnuto k jiZ provedenym kresebnym rekonstruk-
cim obdobnych objektt od rtiznych autorti, pokud byly k dispozici.
Dale probéhlo porovnani s daty z experimentalni archeologie a byly
vyuzity dostupné historické analogie.

Aby finalni vizualni vystupy z provedenych 3D pocitacovych re-
konstrukénich modeltr neztistaly pouhymi ,hezkymi ilustracemi®
(Reilly 1991) degradujicimi 3D vizualizace na pouhé umeélecké dilo
(Barcelé 2001; Sanders 2012), byly jako hlavni vystupy zvoleny
video animace.

Ve vétsiné piipadtl byl zvolen koncept, kdy je v tivodu pouZzita
forma ,fly through videa®, tedy pohyb kamery nad zajmovym tizemim
z leteckého pohledu, aby byly zretelné nejen sledované porostové pii-
znaky, ale aby bylo zfejmé i umisténi dané lokality v krajiné. Déale
jsme graficky zvyraznili zajmové tizemi, ¢i jednotlivé porostové pri-
znaky. KdyZ byly k dispozici vysledky z archeologického prizkumu
lokality, byly do digitdlniho modelu na patfi¢né misto vloZeny plany
z terénniho vyzkumu ¢i geofyzikalni prospekce. V jednom piipadé se
podafrilo vlozit i 3D fotogrammetricky model identického objektu na-
snimaného na zachranném vyzkumu ve stejném regionu. Animace
pocitacové rekonstrukce sledovanych objektti byla vytvorena tak, aby
byl patrny samotny postup tvorby rekonstrukénich modeld, forma
jejich zasazeni do terénu a jejich zékladni konstrukéni prvky. Odbor-
niktim to umozinuje posoudit spravnost interpretace a provedeni
dané 3D pocitacové rekonstrukce, laickému divédkovi tento pristup
umozni snadnéji pochopit jejich konstrukei a funkei.

6. Virtualni 3D rekonstrukéni modely vybranych lokalit
(obr. 11-20)

V ramci projektu Archeologie z nebe, feSeného Archeologickym
ustavem AV CRv letech 2018-2022 a finan¢né zajisténého z gran-

235-267

tovych fondt Ministerstva kultury v programu na podporu apliko-

vaného vyzkumu a vyvoje narodni a kulturni identity (NAKI II;
identifika¢ni ¢islo: DG18P020VV058), bylo v Cesku poprvé uplat-
néno cilené snimkovani vybranych archeologickych nalezist zvidi-
telnénych vegetaénimi pfiznaky, jehoz ti¢elem bylo metodou vice-
snimkové fotogrammetrie vytvorit trojrozmérné modely vybranych
lokalit a nasledné na jejich zakladé vytvorit jejich 3D pocitacové re-
konstrukce. Obsahem této kapitoly je prehled zakladnich informaci
o deseti lokalitach zpracovanych vySe uvedenym postupem. Pri se-
stavovani seznamu lokalit jsme pfedevsim chtéli, aby v ném figu-
rovaly aredly rtiznorodého stari a funkce a projevujici se pouze
neprimo — diky odliSnym charakteristikdm zemédélskych plodin
rostoucich nad jejich pudorysy a mimo né.

Jedna se o tyto lokality:

- pravéka venkovska sidlisté: StraSkov (okr. Litomeéfice; obr: 8, 11),
Racéinéves (okr. Litomérice; obr. 3, 12);

- pravéké sidlisté a pohrebni areal: Ctinéves (okr. Litomérice;

obr. 9, 13);

- hradisté — pravéké a rané stredovéké ohrazené (opevnéné) sidlo:
Pferovska hura (okr. Nymburk; obr. 14);

-pravéky ritualni/ceremonidlni (?) areal ohrazeny dvojitym priko-
pem: Kly (okr. Mélnik; obr. 15);

- pravéké (mohylové?) pohrebiste: Cernouéek (okr. Litomé&fice;

obr. 16);

- ran€ stfedovéky venkovsky ohrazeny areal (dvtr/curtis/curia?):
Ledgéice (okr. Mélnik; obr. 17);

- novoveka polni opevnéni: Poplze (okr. Litoméfice; obr. 18), Hofin
(okr. Mélnik; obr. 19), Tfeboutice (okr. Litomérice; obr. 20).

Animované 3D rekonstrukce téchto lokalit jsou dostupné na
https://youtube.com/playlist?list=PL7b9FwaRRVBNt4AN4L2sscL

vro4fCCeélo.

7. Vlyhodnoceni dtvéryhodnosti pocitacovych animaci

Jakkoliv je vizualizace siln€j$im vyjadfenim ve srovnani s textem,
jeji vysvétlujici hodnota muZe byt bez radné deskripce postupu
tvorby modelu prece jen mensi. Pokud vizualizace jasné nekomu-
nikuje proces svého vzniku, nezdlezi na tom, jak byly pokladany
vyzkumné otazky, jak peclivé byly studovany a interpretovany do-
stupné informace a jak naro¢né nebo kreativné je rekonstrukce
zpracovana. Vedle samotné tvorby vizualizace hraje vyznamnou roli
i dokumentace toho, jak je o jednotlivych komponentach modelu
rozhodovéano. DtileZitost dokumentace tohoto postupu je zasadni
pro zajiSténi trovné transparentnosti (Brusaporci 2017).

Pro vybrané video animace jsme se pokusili vyjadrit jejich du-
véryhodnost prostiednictvim tabulky (tab. 1), kterd zahrnuje me-
tadata i paradata zobrazovanych scén. Hodnotici systém nabizi
vybeér ze tfi variant. Dle zvolené moZnosti je kazdému z deskriptort
prifazena hodnota 100, 50 nebo 0, tidaje jsou secteny a jejich zpru-
meérovanim vznikne finalni vyjadfeni dtivéryhodnosti dané pocita-
¢ové scény v procentech.

Tabulka 1 obsahuje tfi zakladni ¢asti: prvni ¢ast (1-4) je vénovana
vyhodnoceni dostupnych dat pouZitych pii budovani digitalni scény
arealu s porostovymi priznaky, druha ¢ast (5-8) kvantifikuje data ne-
zbytna pri tvorbé pocitacovych rekonstrukei archeologickych objektti
av tieti ¢asti (9-10) je zohlednéno, zda video spliiuje poZadavky zob-
razovani digitalnich rekonstrukci dle mezinarodnich timluv.

8. Diskuze

Oproti slovnimu nebo textovému sdélenti je vizualni komunikace mno-
hem efektivnéjsi formou, nebot pracuje rychleji, paralelné a mnoho-
rozmérné (Hrbek 1968, 551). Pravé tim, Ze vizualizace umoznuji vy-
razné urychlit cely proces poznavani, maji velky vyznam pro vyuZiti
ve vyuce, védé a jeji popularizaci. Toto zrychleni kognitivniho pro-
cesu je velice Zadouci specificky v dnesni dobé, kdy v privalu vel-
kého mnoZstvi informaci dochazi k limitaci lidskych schopnosti
tato kvanta smysluplné tridit a organizovat (Nevérilovd 2004, 4).

Vizualizace dat ve védeé je prostfedkem k poznéavani a pochopeni
dosud neznamych skute¢nosti, ¢imz se odliSuje od obvyklé prezen-
tacni grafiky, ktera zobrazuje jiZ znamé informace a je pouhym pro-
stfedkem ulehcujicim komunikaci. Vizualizace védeckych dat je
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Tab. 1. Nejvétsi divéryhod- N . Prerovska - N .
nost dosahuji lokallty pre- Straskov | Racinéves hiira Kly | Cernoucek | Ledcice
devsim diky komplexni ddl- 1. Nalétnuto dronem 100 100 0 0 100 100
;(OVZ / dokumentaci (dron, 2. PouZiti snimkovani z vice sezén / vstupti 100 100 100 100 0 100
etadlo, vice sezdn) ve spo- 3. Vyuziti LIDARu 0 0 100 | 100 0 0
jitosti s daty z provedenych ——
prézkumd (terénni vyzkurn, 4. Poutziti plant GIS 100 100 0 0 0 100
nedestruktivni  priazkum). 5. Poutziti vysledkd z terénniho arch. vyzkumu 100 0 0 100 100 100
Pokud je vhodné provede- 6. Poutiti vysledki z nedestruktivniho priizkumu 0 0 0 100 100 100
na lkZD /POC(’;GC?KG It ek‘;”' 7. Identifikace porostovych pfiznaka 100 100 50 100 100 100
strukce, Ize dosdhnout hy- 8. Znamé analogie 100 50 100 50 100 50
potetické ddvéryhodnosti - ——
pocitacové animace dané 9. 3D rekonstrukce graficky odlidena 100 100 0 0 0 100
lokality dosahujici a? 80 %. 10. 3D rekonstrukce rozfazovana 100 100 0 0 100 50
Diivéryhodnost 80 % 65 % 35 % 55 % 60 % 80 %

oproti tomu nastrojem usnadnujicim jejich syntézu, analyzu i in-
terpretaci a metodu zkoumani (Sochor et al. 1997).

V oblasti informaénich technologii je vizualizace metodou uZi-
vanou pro pretvareni symboli do geometrického rozméru, kte-
1y umoznuje provadét dalsi simulace a vypoc¢ty. Pokud operujeme
s objekty, které jsou prili§ slozité, neuchopitelné nebo existuji
pouze v nasi mysli, je mimofadné Zadouci vytvaret jejich vizualni
modely, které slouZi k lepSimu pochopenit jejich konstrukce, orga-
nizace ¢i promén. Modelovanim vznikaji analogie k redaliim, které
skuteénou vizualni podobu nemaji, coz se tyka predevsim vice-
rozmérnych neexistujicich struktur nebo v ¢ase se proménujicich
objektu (Nevérilova 2004).

Prezentované vystupy jsou zaméreny nejen na odbornou komu-
nitu, kdy je koncept video animaci nasmérovan i k prezentaci tvrdych
dat a vystavbé expertni vizualizace, ale i na laickou verejnost, kdy je
kladen daraz na vzbuzeni prirozeného zajmu o dané téma a snadné
pochopeni zobrazovanych informaci. Koncept déale vychazi i z toho,
Ze vystupy budou primarné prezentovany na digitalnich médiich a in-
ternetu, kde ma vizualizace pouze par sekund na to, aby upoutala
pozornost divaka. Zvolili jsme proto vzdy kratkou formu videa, rych-
lou frekvenci stfidani scén a vyuziti pohybu v animacich.

9. Zavér

Zpracovani analyzovanych a interpretovanych leteckych fotografii
porizovanych béhem aktivniho leteckého priizkumu z malych vySek
do podoby ortorektifikovanych a georeferencovanych map a po-
drobnych planu jednotlivych lokalit 1ze nepochybné chapat jako
péce o archeologické dédictvi, tak s ohledem na jejich dalsi vyuziti
ve vyzkumu. Fondy archivu leteckych snimkti Archeologického
tstavu AV CR budou proto i nadale zpracovéavéany timto zptsobem
a v transformované podobé map a planu se stanou integralni
soudasti Archeologické mapy CR (www.archeologickamapa.cz) —
platformy centralniho Archeologického informaéniho systému CR
(http://www.aiscr.cz). Produkce dosud zhotovenych (video) animo-
vanych virtualnich rekonstrukénich modelti archeologickych loka-
lit detekovanych prostrednictvim porostovych priznakt vyznamné
obohacuje moZnosti, jak formou digitaln€ zpracovaného 3D obrazu
vyjadrit archeologickou interpretaci nékdejsi podoby pamatek.
I proto by vytvareni 3D rekonstrukénich modelti mélo najit své
pevné misto v oborovém instrumentari.
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