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PREDMLUVA

Vystava Velkomoravské MikulEice virtudlné a stejnojmenny
vystavni katalog jsou vyusténim nékolikaletého pro-
jektu zaméreného na dokumentaci, vizualizaci a archi-
vaci vysledkl dlouhodobého archeologického vyzkumu
v Mikulgicich. Vystavni projekt predstavuje ve formatu
3D modelt a animaci archeologické objekty a artefakty
z Mikulgic, které jsou prezentovany prostfednictvim obra-
zovek a holografickych projekci.

Autofi vystavy neusilovali ani tak o uvedeni atraktivnich
3D vizualizaci archeologickych nélezU, ale spise jim Slo o to
ukazat potencial virtualni archeologie pfi vyzkumu a pamat-
kové ochrané originalnich objektt a artefaktd. Na konkrétnich
prikladech vyzkumnych aktivit v MikulCicich z poslednich
priblizné deseti let se snazili pfedvést, jak je mozné vyuzit
digitalni techniku a jeji zobrazovaci i analytické moznosti pfi
archeologickém vyzkumu, jeho dokumentaci, zpracovani,
prezentaci a archivaci.

Vystava spolu s katalogem jsou soucasti projektu Virtualni
védecky model velkomoravskych MikulCic jako systém interaktivni
dokumentace, prezentace a archivace dlouholetého systematic-
kého archeologického vyzkumu, podporeného v letech 2018-
2022 Ministerstvem kultury v ramci programu aplikovaného
vyzkumu NAKI Il (&. projektu DG18P020VV029). Resitelskym
pracovi§tém byl Archeologicky ustav AV CR, Brno (ARUB),
pricemz projektové prace probihaly jak v jeho centrale v Brnég,
tak na jeho detaSovaném pracovisti - Vyzkumné zakladné
v Mikul@icich. Za celkovou koordinaci projektu stoji jeho resitel
Lumir Polagek. Vystava s katalogem byly spolu s interaktivni
aplikaci Virtugini védecky model velkomoravskych Mikul&ic
VWMVM a jejim kniznim doplfikem - atlasem Mikul¢ice 900
hlavnimi vystupy projektu.

Vystava s katalogem vznikly diky erudici a soudinnosti
pfipravného a realizadniho tymu vystavy. Hlavni autorkou
vystavniho scénare byla Sarka Krupi¢kova, o vytvarnou
a architektonickou stranku vystavy se zaslouzila Barbora
Tesarova, vystavu vyrobila brnénska firma EXPOGON. Za
vétsinou digitalnich animaci stoji Jifi Sindelar se svym ty-
mem [Bohuslav Vacha, Josef Vandélik, Jakub Sindelar, Matéj
éindeléf]. Ovsem jejich prace by nemohla dosahnout potrebné
kvality a dostatedného efektu, kdyby nenavazovala na fun-
dovanou terénni dokumentaci Jaroslava Skojce a Petra Capa,
na dokonalou tvUrdi ateliérovou fotografickou praci Martina

FOREWORD

The exhibition and catalogue entitled Great Moravian Mikul&ice
Virtually are the output of several years’ work on a project
focused on documentation, visualisation and archiving
of the results of long-term archaeological excavations in
Mikul€ice. The exhibition presents archaeological 3D models
and animations of archaeological features, structures and
artefacts and artefacts discovered at Mikul&ice, which are
presented on screens and via holographic projections.

The authors of the exhibition did not primarily seek to pre-
sent attractive 3D visualisations of archaeological finds but
to show the potential of virtual archaeology in the study
and monument protection of original features and artefacts.
They demonstrated the use of digital technology, imaging
and analysis in archaeological research, documentation,
processing, presentation and archiving based on examples
of excavations at MikulCice over the past ten years.

The exhibition and the catalogue are part of the project
Virtual scientific model of Great Moravian MikulCice: A system of
interactive documentation, presentation and archiving of long-time
systematic archaeological excavations, which was supported by
the Ministry of Culture, Czech Republic, between 2018 and
2022 within the framework of the NAKI Il Applied Research
Programme (project No. DG18P020VV029). The project was
implemented by the Czech Academy of Sciences, Institute
of Archaeology, Brno (ARUB), both in its Brno headquarters
and at the research base in MikulSice. The overall coordina-
tion of the project was done by the applicant, Lumir Polacek.
The main outputs of the project were the exhibition, the
catalogue and the interactive application the Virtual scientific
model of Great Moravian Mikuléice and its printed counterpart
- the atlas entitled Mikuléice 900.

The exhibition and the catalogue were made possible
through the erudition and collaboration of the preparatory
and implementation teams. The exhibition script was chiefly
written by Sarka Krupi¢kova while Barbora Tesafova cre-
ated the design and architecture of the exposition, which
was made by the specialist company EXPOGON from Brno.
Most digital animation was created by Jifi Sindelaf and his
team (Bohuslav Vacha, Josef Vandélik, Jakub SindelaF, Matgj
Sindelar). The high quality and impressive effect of their work
are due to the professional field documentation by Jaroslav
Skojec and Petr Cap, the creative studio photography by
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Frouze a MatouSe Barty, stejné jako na restauratorskou
pfipravu originalnich artefaktd ze strany Martina Forta. Do
pripravy a realizace vystavy byli zapojeni i dalSi pracovnici
mikul&ické vyzkumné zakladny a brnénského ustavu; z nich
jmenujme alespon Hanu Priborskou a Zderiku Pavkovou. Véem
vys$e uvedenym zainteresovanym kolegynim a koleglm patfi
velké a upfimné podékovani. Podobné je potreba vyslovit
dik vedeni Archeologického ustavu AV CR, Brno a Vyzkumné
zakladny v Mikul&icich za vytvoreni podminek pro realizaci
vystavy a katalogu. Za pomoc pfi propagaci vystavy v hale
Vyzkumné zékladny ARUB v Mikulg&icich-Trapikové dékujeme
Masarykovu muzeu v Hodonin&, konkrétné vedouci jeho
pracovisté v MikulCicich Gabriele Dreslerové. Velmi si vazime
finanéni pomoci Akademie véd CR a vyznamenanim je pro
nas moznost uskutednit reinstalaci vystavy v galerii Véda
a uméni v budové AV CR na Narodni v Praze v roce 2023.

Martin Frouz and Matou$ Barta and the restoration of the
original artefacts by Martin Fort. The staff at the research
base and the Brno Institute were also involved in the prepa-
ration of the - Hana Priborska and Zderika Pavkova must be
mentioned here. We are immensely grateful to all our col-
leagues who participated in this project. We also thank the
management of the Czech Academy of Sciences, Institute
of Archaeology, Brno, and the research base in MikulCice for
creating suitable conditions that supported the making of
the exhibition and catalogue. The credit for promoting the
exhibition installed in the hall of the ARUB research base
in MikulGice-Trapikov goes to Masaryk Museum in Hodonin
and the head of its branch in Mikulcice, Gabriela Dreslerova.
We greatly appreciate the financial support of the Czech
Academy of Sciences. It is an honour for us to be able to
take the exhibition to the Science and Art gallery in its
premises on Narodni Street in Prague in 2023.

Sarka Krupickova, Lumir Polagek, Jifi Sindelar
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UvoD

Bez radné dokumentace neni vyzkum. V této vété se skryva
jedno ze zakladnich pravidel vyzkumné &innosti v jakémko-
liv oboru, archeologii nevyjimaje. Hlavnim prinosem kvalitni
archeologické dokumentace je uchovani vérné, védecky
presné a dale zpracovatelné podoby archeologickych ob-
jektd i artefaktt. Jediné tak lze trvale zachovat védecky
informacni potencial a kulturné-historickou hodnotu archeo-
logickych pamatek. Plati to pro nemovité a movité objekty
reprezentujici hmotnou kulturu minulych populaci a spo-
le€nosti. V naSem pripadé jde o pamatky rané stredovéke,
konkrétné o hmotné pozUstatky spojené s Velkou Moravou,
vyznamnym fenoménem déjin naSich zemi a stfedni Evropy
v 9. a na poc¢atku 10. stoleti.

Kdyz se fekne Velka Morava, vybavi se fadé &tenard pojem
Mikul&ice. Hradisté Valy u Mikul&ic bylo totiz pfednim mo-
censkym a cirkevnim centrem této fiSe. Zde dlouhodobé
probihajici terénni vyzkum se svym rozsahem zaradil k nej-
vétsSim systematickym archeologickym odkryvim v Evropé.
Bohatstvi zdejsich objevd reprezentované predevsim nalezy
zdéné architektury, tj. deviti kostell a ,palace®, rozsahlych
kostelnich i nekostelnich pohiebist nebo pocetnych nakladné
vybavenych hrobt pfislusnikd mistni velmozské aristokracie
déla z nalezisté vyjime&nou archeologickou lokalitu, dalo by
se fici legendu domaci i stfedoevropskeé rané stredovéke
archeologie. DalSimi prednostmi, které odliSuji MikulCice od
ostatnich velkomoravskych lokalit a dovoluji na zakladé zde
ziskaného pramenného materialu otevirat a fesit vyzkumné
otazky jinde nedostupné, jsou napfiklad pritomnost sidlist-
nich stratigrafii nebo vyjimec¢né zachovani dreva.

Na druhé strané se velka intenzita a relativné dlouhodoby
vyvoj osidleni promitaji do komplikované nalezové situace,
ktera vyzaduje z dnesniho pohledu nadstandardni postupy
terénnich odkryvu i jejich dokumentace. Vysadou mikul-
¢ického vyzkumu v obdobich jeho nejvétsiho rozsahu byla
pritomnost profesionalnich geodetd. Ti pusobili v Mikulgicich
jak v dobéach velkoploSnych vykopavek v minulém stoleti,
tak v poslednim desetileti spojeném zejména s reviznimi
a zachrannymi vyzkumy.

Hradisté MikulCice-Valy predstavuje se svymi témér sedm-
desati vyzkumnymi sezonami idealni lokalitu pro demon-
strovani vyvoje metodickych postupl a dokumentacnich

INTRODUCTION

There is no excavation without proper documentation.
This claim conveys one of the basic rules of any branch of
research, including archaeology. The main benefit of good-
quality archaeological documentation is the preservation of
a faithful, scientifically accurate image of archaeological
features, structures and artefacts, which can be further
processed. This is the only way of preserving the informa-
tion potential and the cultural and historical value of ar-
chaeological monuments. This applies to non-portable and
portable objects that represent the material culture of past
populations and societies. In our case, the monuments are
early medieval. They are the material remains associated
with Great Moravia, an important phenomenon in the his-
tory of Central Europe in the 9th and early 10th centuries.

Upon hearing the words “Great Moravia”, Mikul€ice will prob-
ably come to the minds of most of our readers. The strong-
hold of Valy near Mikul&ice used to be a prominent power
and ecclesiastical centre of this empire. The long-running
archaeological fieldwork that has been taking place there
ranks among the largest systematic excavations in Europe.
The wealth of finds discovered at MikulCice includes the
remains of masonry buildings - nine churches and a “palace”
- as well as vast burial grounds next to churches or within
the settlements, which contained a number of graves of the
local aristocracy with luxury grave goods. This makes the
place an exceptional archaeological site, a legend of Czech/
Central European early medieval archaeology, so to speak.
What is also special about MikulCice is the presence of set-
tlement stratigraphy and the exceptionally well-preserved
wood. This sets Mikul8ice apart from other Great Moravian
sites because the source material found there allows us to
deal with research issues, which would be impossible to do
elsewhere.

The high intensity and relatively long development of the
settlement are reflected in the complicated contexts, which,
from today’s perspective, require above-standard excavation
procedures and documentation. The presence of profes-
sional land surveyors at the time when the largest area
was excavated was an immense advantage. The surveyors
were present at the large-scale excavations carried out in
the 20th century and the revision and rescue excavations
carried out in the past decade.

11



technik v archeologii. Je pouze nékolik lokalit, na nichz je
mozné - podobné jako v Mikul8icich - sledovat dlouho-
doby vyvoj archeologickych dokumentac¢nich systémU od
50. let minulého stoleti po sou¢asnost. Do téchto promén
se promita vedle vyvoje samotné védni discipliny zejména
pokrok v technickych oborech a s nim spojena stale lepsi
dostupnost pristrojoveho vybaveni.

Moderni archeologicky vyzkum nespoléha pouze na klasické
prostredky vizualizace - kresbu a fotografii, pfipadné video,
ale diky digitalnim technologiim vyuziva moznosti 3D do-
kumentace, archivace a vizualizace terénniho vyzkumu
i movitych nélezU. Trojdimenzionalni dokumentace umoznuje
nejenom atraktivnim zpUsobem prezentovat vysledky terén-
niho vyzkumu, ale predevsim trvale archivovat a analyticky
studovat néalezové situace i movité nalezy. V pfipadé ne-
movitych objektl je to jediny spolehlivy zpUsob, jak zazna-
menat odkrytou terénni situaci pred jejim nezadrzitelnym
zanikem. U artefaktd jde mimo jiné o uchovani jejich vérné
virtualni kopie pro pfipad degradace nebo zni¢eni pfedmétu,
ale také z hlediska zadouciho omezeni fyzické manipulace
s kifehkymi a vzacnymi origindly v zajmu jejich pamatkové
ochrany. Védecky presny zaznam umoznuje provadét virtu-
alni vyzkum: Ize se vracet k objektiim a terénnim situacim,
které jiz fyzicky neexistuji, nebo si je prohlizet z mist mimo
redlné moznosti badatele. Virtualni archeologie ve sluzbach
terénniho a analytického vyzkumu predstavuje ,leitmotiv®
vystavniho projektu Velkomoravské MikulCice virtua/né. Tomu
odpovida i motto vystavy a katalogu:

12

With its seven decades of research, the MikulCice-Valy
stronghold is an ideal site to demonstrate the development
of archaeological methodology and documentation. There
are only a few sites where it is possible to follow the long-
term development of archaeological documentation systems
from the 1950s to the present day, as in Mikul&ice. The de-
velopment reflects not only the progress of the discipline
but also that of the technical fields, interconnected with
better availability of measuring instruments.

Modern archaeological excavation relies not only on conven-
tional visualisation techniques - drawing, photography and
video: it also uses digital technologies for 3D documenta-
tion, archiving and visualisation of excavations and portable
finds. Three-dimensional documentation allows an attractive
presentation of the excavation results as well as the archiv-
ing and analysis of contexts and portable finds. As for the
non-portable features and structures, it is the only reliable
way of recording excavated contexts before their inevitable
destruction. It is also a way of preserving virtual copies of
artefacts in the case of degradation or destruction of the
items and protecting rare and fragile originals by minimising
physical manipulation. A scientifically accurate record ena-
bles virtual research: artefacts and contexts that no longer
exist can be revisited and viewed from angles beyond the
possibilities of the researchers. Virtual archaeology serving
fieldwork and analysis is the focus of the exhibition Great
Moravian Mikul&ice Virtually. Thus, the motto of the catalogue
and the exhibition is:

Nové pohledy
oteviraji prostor
novym objevum

A new
perspective
enables new
discoveries

13
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VIRTUALNI ARCHEOLOGIE

111
Koncept virtualni archeologie

Pojem virtualita oznacuje vlastnost, kterou lze chapat jako néco, ,,co
neni skutec¢né, neni ve skutecnosti pritomné, ale jevi se jako skutec-
né"! Ackoliv kofeny filozofického pojeti virtuality sahaji od antiky? pres
terminologické ukotveni pojmu virtualita stfedovékymi scholastiky® az
po novodobou filozofii,* sou¢asné vnimani virtuality je zcela odliSné.
Princip virtuality je od 90. let 20. stoleti silné navazany na digitalni
média.? Jako takovy pronika spolu s pocitatovou gramotnosti také
do v8ech odvétvi lidské ¢innosti véetné védy, archeologii nevyjimaje.
V ramci oboru archeologie vznika svébytny koncept virtualni archeo-
logie® ktery za tfi desetileti své existence proSel znaénym vyvojem.
Na zacgatku ,provolani“ konceptu virtualni archeologie byla myslenka,
Ze néco muze fungovat jako nahrada za original, a to v podobé& popisu
archeologickych dat nebo jejich simulace.” Dnes mizeme koncept
definovat konkrétnéji, a sice jako snahu po dosazeni novych zpUsobu
dokumentace a interpretace archeologickych nalez( a procest véetné
jejich prezentovani novymi zpUsoby. Prakticky jde o implementaci nej-
rdznéjsich modernich technologii do oboru archeologie, od relativné
konsolidovanych metod, jakymi jsou hypertext, vektorové modelovani
nebo vypodetni fotografie, po atraktivni technologické novinky typu 3D
tisku, aplikaci pro chytré telefony a nositelnou elektroniku nebo virtu-
alni realitu. Z vySe uvedeného vyplyva, Ze virtualni archeologie je dnes
Siroce definovany subobor archeologie. Je pro ni typicka znaéna davka
nestability a proménlivosti, které souviseji s potenciadlem vyuzitelnosti
novych technologii v archeologickém oboru.®

Pojem virtualni archeologie evokuje nejvice asi digitalni vizualizaci
archeologickych nalez( a procesl formou pocitacové vytvorené reality.
Nejznamé;jsi termin virtualni realita p¥itom tvofi jen jeden ze segment(
zobrazovacich moznosti. Jedna se o kompletné umeéle vytvoreny svét,
ktery mlze divak vstiebavat pro umocnéni emocionalniho zazitku
pomoci specialni elektroniky. Vedle virtualni reality existuje rozSifena
realita, kterou tvofi virtualni objekt montovany do kulisy realného svéta
(typicky s pouzitim mobilu nebo tabletu se specialni aplikaci). Naopak
roz§ifena virtualita znamena reélny objekt modelovany ve virtualnim

1 Duden 2013.

2 Zejména Platonlv charakter redlného svéta a svéta ideji (Platon: Podobenstvi o jeskyni,
Ustava 2001, 514a-518a), rozvinuty dale odli$enim skuteéného a mozného (Artistotelés: Fyzika
1996; Metafyzika 2008).

3 Tomas Akvinsky: Slovacek 2010; Svoboda 2012; Freddoso 2015.

4 Napf. kantovské idea existence duse v neprostorovém - virtualnim - svété jiného fadu
(Kant: Kritika 2001).

5 Welsch 1998; piehled u Kruse, Grabe 2013.

6 Provolani konceptu viz Reilly 1991.

7 Reilly1991,133.

8 Beale, Reilly 2017.

VIRTUAL ARCHAEOLOGY

111
Concept of virtual archaeology

The term virtuality refers to a property that can be understood to be
something “that is not real, not actually present, but appears to be
real”! Although the roots of the philosophical concept of virtuality
stretch back to antiquity? to the terminological anchoring of the con-
cept of virtuality by medieval scholastics® to modern philosophy,* the
current perception of virtuality is completely different. The principle of
virtuality has become strongly linked to digital media since the 1990s.°
As such, along with computer literacy, it permeates all branches of
human activity, including science, and archaeology. A unique concept
of virtual archaeology® is emerging in the field of archaeology, which
has undergone considerable development over the three decades of
its existence.

At the beginning of “invoking” the concept of virtual archaeology was
the idea that something can function as a substitute for the original —in
the form of a description or simulation of archaeological data.” Today,
we can define the concept more specifically as an attempt to achieve
new ways of documenting and interpreting archaeological findings
and processes, including new presentation methods. Practically, it
is the implementation of various modern technologies in the field of
archaeology, from relatively consolidated methods such as hypertext,
vector modelling and computational photography, to attractive tech-
nological innovations such as 3D printing, smartphone applications
and wearable electronics or virtual reality. It follows from the above
that virtual archaeology is currently a rather broadly defined subfield
of archaeology. It is characterised by a significant amount of instability
and changeability, which is related to the potential for the use of new
technologies in the field of archaeology.®

The concept of virtual archaeology primarily evokes the digital vi-
sualisation of archaeological findings and processes in the form of
computer-generated reality. The most notorious term in this respect is
virtual reality although this is only one of the segments of visualization
options. It is a completely artificial world that the viewer can absorb
to enhance the emotional experience using special electronics. In
addition to virtual reality, there is augmented reality, which consists
of a virtual object set in the background of the real world (typically

1 Duden 2013.

2 In particular, Plato’s character of the real world and the world of ideas (Plato: The Allegory
Of The Cave, The Republic, cited according to the Czech text: Ustava 2001, 514a-518a),
further elaborated by distinguishing between the real and the possible (Aristotle: Physics,
cited according to the Czech text: Fyzika 1996; Metaphysics, cited according to the Czech
text: Metafyzika 2008).

3 Thomas Aquinas: Slovacek 2010; Svoboda 2012; Freddoso 2015.

4 For instance the Kantian idea of the existence of the soul in a non-spatial - virtual - world of
a different order (Kant: Critique of Pure Reason, cited accordng to the Czech text: Kritika 2001)
5 Welsch 1998; for summary, see Kruse, Grabe 2013.
6 For invoking the concept, see Reilly 1991.
7 Reilly1991,133.
8 Beale, Reilly 2017.
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svété. ZastieSujicim pojmem pro vSechny typy pocitacové vytvorené
nebo upravené reality je smisenad neboli mixovana realita®

V tomto pojeti je virtualni archeologie v sou¢asné dobé na prudkém
vzestupu. Dlvodem je obecné rozsifeni cenové dostupné technologie,
technologicka gramotnost védecké komunity, a také zajem ze strany
verejnosti, ktera se ¢im dal vice a rychleji adaptuje na nové techno-
logie ve vSech oblastech zivota a o¢ekava je i v sektoru popularizace
a prezentace védy.° Typické je Zivelné a decentralizované pronikani
virtuality do védy. Jako u¢inny a vyhledavany nastroj vstupuje v podobé
kreativné& vytvofenych vizualizaci do muzejnich expozic, vystavnich
projektd i medialniho prostoru. V zapadnim svété se stala b&zné roz-
Sifenym nastrojem jiz pred fadou let." Také v ¢eském archeologickém
prostiedivznikla fada zajimavych projektt a pracovnich skupin, které Ize
zaradit do tohoto prezenta¢niho a popularizaéniho ramce.”? V posledni
dobé jde stéle vice o mezinarodni projekty zaloZzené na spole¢nych
infrastrukturach.® Virtualni archeologie ma tak velky potencial mo-
tivovat verejnost k vétSimu a intenzivnéjSimu zajmu o archeologické
kulturni dédictvi. Je to pfilezitost, jak neztratit spojeni s tepem doby,
jak vzdélavat, nachéazet verejny ohlas pro vysledky védeckého badani
a motivovat k ochrané archeologickych pamatek."

1.2
Virtualita v archeologii jako nastroj vyzkumu

Siroké spektrum moznosti pfinasi virtualni archeologie také na poli
vlastniho vyzkumu. Jednéa se o uzite€ny nastroj védeckého poznani.
Pravé na tento aspekt jsme se zaméfili v rdamci naSeho projektu.
Upozorfiujeme a apelujeme na moznost vyuziti virtuality v procesu
dokumentace a interpretace jak archeologického terénniho vyzkumu,
tak movitych nélez( - artefakt(l. Terénni objekty i archeologické artefakty
je mozné dokumentovat postupy, které zajisti, Ze jejich virtualni obraz
bude pouzitelny pro dal$i plnohodnotny vyzkum. V pfipadé terénniho
vyzkumu se jedna o jedine¢nou pfilezitost objektivné zachytit nalezové
situace, které zpravidla neni mozné v realném prostfedi zachovat,
a vracet se k nim v budoucnosti s novymi vyzkumnymi otazkami.
Archeologické artefakty sice zpravidla nepodléhaji akutni destrukci, ale
jejich védecky presné virtualni kopie umoznuji maximalizovat efektivitu
a bezpecénost vyzkumu. Efektivita spociva ve sledovani detaill, které
nejsou postfehnutelné pouhym okem s originalem v rukou. Zaroven
Ize tyto detaily sledovat komplexné na celém povrchu pfedmétu bez
omezené fokusace mikroskopu. Bezpe€nost znamena, Ze artefakty

9 Hemker, Splissgart 2019, 21. Pojmy jsou zde vylozZeny v teoretické roviné. V komerénich
odvétvich se prezentuji zpravidla prakticky s akcentem na specialni elektroniku (tj. rizné typy
bryli a &tecich zafizeni).

10 Beale, Reilly 2017.

11 Marin-Buzén et al. 2021.

12 Napft. mobilni aplikace s hernimi prvky, ktera se vaze k archeologické lokalité Buchberg na
Ceskomoravské vrchoving (Buchberg 1269: https://play.google.com/store/apps/details?id=cz.
mathesio.buchberg&hl=de), nebo oppidum Zavist u Zbraslavi (Oppidum Zavist: https://play.
google.com/store/apps/details?id=com.Mathesio.Brezany&hl=cs&gl=US).

13 Projekty typu MUS.INT (Tucci, Cini, Nobile 2011; Jasink et al. 2017), VirtualArch
(Unger et al. 2020).

14 Vrcholnou formou spoluprace s vefejnosti jsou projekty vefejné archeologie (public/
community archaeology), prosazujici se zejména od 90. let 20. stoleti (napf. Matsuda 2004;
Thomas, Lea eds. 2014).
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using a mobile phone or tablet with a special application). Conversely,
augmented virtuality means a real object modelled in a virtual world.
The umbrella term for all types of computer-generated or altered
reality is mixed reality.®

In this sense, virtual archaeology is currently on the rise. The reason
behind the trend is the general expansion of affordable technology, the
technological literacy of the scientific community as well as interest
from the public, which is increasingly and ever rapidly adapting to new
technologies in all areas of life and expects them in the popularisation
and presentation of science as well.® Spontaneous and decentralized
penetration of virtuality into science is typical. As an effective and
sought-after tool, it has entered museum exhibits, exhibition projects
and media spaces in the form of creative visualisations In the Western
world, it became a commonly used tool many years ago." In the Czech
archaeology, there have also been a number of interesting projects
and working groups, which can be included in this presentation and
popularisation framework.”? Recently, it has been increasingly used
in international projects based on common infrastructures.”® Virtual
archaeology has great potential to motivate the public to greater
and more intense interest in archaeological cultural heritage. It is an
opportunity to keep in touch with the pulse of the times, to educate,
to find public acceptance for the results of scientific research and to
motivate the protection of archaeological monuments."”

1.2
Virtuality in archaeology as a research tool

Virtual archaeology also offers a wide range of possibilities in the field
of actual research. It is a useful tool for scientific investigation. It is
this very aspect of virtual archaeology that we chose as the topic of
our project. We point out and promote the possibility of the current
use of virtuality in the process and interpretation of archaeological
research documentation. Archaeological artefacts, as well as excavated
features, can be documented using procedures that ensure that their
virtual image will remain usable for further fully-fledged research. In
the case of field research, it presents a unique opportunity to objecti-
vely capture archaeological contexts that are usually impossible to
preserve in the original environment or return to in the future with new
research questions. Although archaeological artefacts are usually not
in danger of acute destruction, scientifically accurate virtual copies
make it possible to maximize the efficiency and safety of research. The
efficiency lies in tracking details that are not perceptible to the naked

9 Hemker, Splissgart 2019, 21. The terms are explained here on a theoretical level.
In commercial sectors, they are usually presented practically with an accent on special
electronics (i.e. various types of glasses and reading devices).

10 Beale, Reilly 2017.

11 Marin-Buzén et al. 2021.

12 For instance a mobile application with game elements related to the archaeological sites
of Buchberg in Vysogina (Buchberg 1269: https://play.google.com/store/apps/details?id=cz.
mathesio.buchberg&hl=de), or the oppidum Zavist near Zbraslav (Oppidum Zavist: https://
play.google.com/store/apps/details?id=com.Mathesio.Brezany&hl=cs&gl=US).

13 Projects such as MUS.INT (Tucci, Cini, Nobile 2011; Jasink et al. 2017), VirtualArch
(Unger et al. 2020).

14 The pinnacle of cooperation with the public are community archaeology projects, which have
been especially gaining ground since the 1990s (e.g. Matsuda 2004; Thomas, Lea eds. 2014).

muzeme zkoumat do znaéné miry bez jejich vyjmuti z klimaticky mo-
nitorovaného prostiedi trezorovych depozitard. Snizuje se tak riziko
jejich degradace a fyzického poskozeni, v extrémnich pfipadech také
trvalého znepfistupnéni v disledku ztraty, zni¢eni nebo odcizeni. Teprve
mista na artefaktech vybrana za pouziti virtualniho modelu mohou byt
v pfipadé potfeby studovana specialni analytikou pfimo na originalech.
Jedné se o postup paralelni k sou¢asnému terénnimu paradigmatu,
pfi kterém rovnéz navazuje cileny terénni odkryv na pfedchazejici
nedestruktivni povrchovy prizkum.

Jako vrchol takto definovaného analyticko-dokumentaéniho projektu
Ize oznadit skuteé¢nou (komplexni) digitalni kopii. Digitalni kopie v tomto
pojeti pfedstavuje metricky pfesny zdznam studovaného objektu,
ktery vS§ak vedle jednozna&né a exakiné definovaného tvaru a rozméru
obsahuje i formou metadat napojené analytické informace, jako jsou
materidlové slozeni, provenience pouzitych materiald, technologicky
vyrobni postup, nékdy i uréeni stafi nebo informace o pfipadném
restauratorském zasahu. Takovyto komplex informaci navazany na
prostorové presny model objektu pak vytvari v digitalnim svété sku-
teé¢nou (komplexni) kopii predmétu nebo objektu ze svéta redlného.

eye. At the same time, these details can be observed comprehensively
on the entire surface without the limited focus of the microscope. The
safety refers to the advantage of having the opportunity to examine
objects to a large extent without removing them from the climate-
-controlled environment of safe depositories. This reduces the risk
of their degradation and physical damage, and in extreme cases also
loss, destruction or theft. Subsequently, only certain parts of artefacts
selected using the virtual model can then be studied by special analytics
directly on the originals. It is a procedure parallel to the current field
paradigm, where initial non-destructive surface surveys are followed
by systematic excavations.

The final result of such an analysis and documentation project can be
seen in a real (comprehensive) digital copy. In this sense, a digital copy
represents a metrically accurate record of the studied object, which,
in addition to a clearly and precisely defined shape and size, also con-
tains in the form of metadata associated analytical information such as
material composition, the origin of the materials used, technological
production processes, and sometimes even the determination of age
or information about possible restoration intervention. Such a complex
set of information connected to a spatially accurate model of an object
then creates a real (comprehensive) copy of its real-world original.
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AGLOMERACE MIKULCICE-KOPCANY

.21
Prirodni podminky a topografie
rane stredovékého centra

Rané stfedoveéké hradisté MikulCice-Valy lezivinunda&nim Uzemi feky
Moravy, pfiblizné na poloviné vzdalenosti mezi ¢eskymi MikulCicemi
a slovenskymi Kop&any. Hradisté bylo v 9. stoleti opevnénym jadrem
rozsahlého sidelniho komplexu oznaGovaného dnes jako mikulCicka
aglomerace nebo aglomerace Mikul¢ice-Kopcany (obr. 1). Prestoze
samotny hrad se dnes nachazi na ¢eské strané aglomerace, podhradi
a hospodarské zazemi centra vyrazné zasahuji na Uzemi Slovenska.
V 9. stoleti zde ovSem zadna hranice neexistovala; prostor po obou
stranach feky byl sougasti centralniho zemi mocensko-politického
Utvaru Velké Moravy. Pravé na této, tj. na stfedni ¢asti toku Moravy -
na fiénich ostrovech, pfipadné pfilehlych vyvySenych brezich ddolni
nivy — existovala v 9. stoleti vedle Mikul&ic dal$i vyznamna mocenska
centra mojmirovské Moravy. Necelych 40 kilometrd severovychodné
od Mikulgic to byla aglomerace Staré Mésto — Uherské Hradisté, 15 ki-
lometru jihozapadné pak aglomerace Bieclav-Pohansko.

Hradisté Mikul€ice-Valy zaujima jihovychodni zavér luéni enklavy, ktera
se od severozapadu zafezava do souvislého pasma luzniho lesa. V za-
travnéném prostoru se nachazi opevnéné jadro aglomerace (akropole
s pfedhradim) i ¢ast neopevnénych arealll severniho a severozapadniho
podhradi (obr. 2). Louky v podhradi maji dnes parkovy raz s charakteri-
stickymi solitérnimi stromy. Krajina mikul€ického hradisté je rovinata,
¢lenéna pouze mirné vyvySenymi pis€itymi dunami a do terénu se zare-
zavajicimi vodote¢emi. V arealu narodni kulturni pamatky Slovanské hra-
disté v MikulCicich sidli kromé pobocky Masarykova muzea v Hodoniné
také vyzkumna zakladna Archeologického Gstavu Akademie véd CR,
Brno. Relativné neporusené prirodni prostredi luzniho lesa dava lokalité
malebny raz a zvy$uje jeji autenticitu a pamatkovou hodnotu.?

Mikul€icka krajina prodélala b&€hem vice nez1100 let, jez uplynuly od
zaniku Velké Moravy, zasadni promény. Hradisté Valy bylo v 9. stoleti
ostrovnim hradem. Ri&ni ramena, ktera obklopovala a chranila ran&
stfedovéky hrad, byla po zaniku hradi§té zanesena nejdfive piskem
a pozdéji povodnovymi hlinami, az byla srovnana s okolnim terénem.
Soucasné se ménil i cely raz fiéni nivy. Vegetace takzvaného tvr-
dého luhu s pfevahou dubu, jilmu a jasanu se ménila v zaplavovany
meékky luh s vihkomilnymi rostlinnymi druhy. PGvodné ¢lenita krajina
protkana spleti ficnich ramen a tlni a vyplnéna cetnymi ostrovy se
zmeénila v dnedni jednolitou rovinatou udolni nivu s jednim hlavnim

fiénim tokem. PFi€inu této promény je potfeba hledat v periodickych

povodnich, které nesly hlinity material erodovany ve vy$Sich ¢astech
povodi a ukladaly jej na dolnim toku feky. Tyto povodné trvaly zhruba

1 Polacek 2001; Polacek 2016, 64-65; Polacek et al. 2020, 91-103.
2 Polacek 2016, 6-17.

THE MIKULCICE-KOPCANY AGGLOMERATION

.21
Environment and the topography
of the early medieval centre

The early medieval stronghold of MikulCice-Valy is situated in the flood-
plain of the River Morava, approximately halfway between Mikul&ice in
the modern-day Czech Republic and Kopé&any in what is now Slovakia.
In the 9th century, the stronghold constituted the fortified core of a large
settlement complex, now known as the MikulCice agglomeration or the
Mikuléice-Kopcéany agglomeration (Fig. 1). While the fortified core is
located only on the Czech side of the border, the extramural settlements
(suburbium) and the economic hinterland spread also over the Slovak
territory. However, there was no such border in the 9th century and
both the banks were part of the central territory of the power-political
formation denoted as Great Moravia. The middle reaches of the River
Morava, its islands and the sloping floodplain banks were the home of
other important 9th-century power centres of Mojmirid Moravia. The
Staré Mésto - Uherské Hradi$té agglomeration was about 40 kilometres
northeast of Mikul€ice, and the Bfeclav-Pohansko agglomeration was
15 kilometres to the southwest.

The Mikul€ice-Valy stronghold occupies the south-eastern end of
a meadow that cuts into a continuous stretch of floodplain forest.
The fortified core of the agglomeration (the acropolis and the outer
bailey), as well as part of the unfortified northern and north-western
extramural settlements, occupy the meadow (Fig. 2). The meadows
around the extramural settlements resemble today a park with solitary
trees. The landscape around the Mikulgice stronghold is flat, with oc-
casional sand dunes and watercourses that cut into it. The MikulCice
Slavonic Stronghold (Slovanské hradisté v Mikul&icich) national monu-
ment is the home of a branch of the Masaryk Museum in Hodonin
and the research base of the Czech Academy of Sciences, Institute
of Archaeology, Brno. The relatively intact natural environment of the
floodplain forest gives the site a picturesque character and boosts its
value as an authentic national monument.2

Over the 1,100 years that have passed since the downfall of Great
Moravia, the landscape around Mikul¢ice has undergone fundamental
changes. In the 9th century, Valy was an island stronghold. After the de-
mise of the centre, the river branches, which surrounded and protected
the fortified core of the stronghold, were first filled with sand, then flood
loams and were gradually levelled with the surrounding terrain. At the
same time, the nature of the floodplain also changed. The vegetation
of the so-called hardwood, with predominant oak, elm and ash, has
changed into periodically flooded softwood with hydrophilous plant
species. The diverse landscape interwoven with river branches, pools

1 Polagek 2001; Poladek 2018b, 64-65; Poladek et al. 2020, 91-103.
2 Poladek 2018b, 6-17.
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od 13. stoleti az do moderni doby, resp. do novodobé regulace feky
a stavby protipovodriovych hrazi.?

Nejvyhledavangjsimi sidliStnimi aredly v mikul€ické adolni nivé raného
stfedovéku byly mirné vystupujici vyvySeniny z fiénich a navatych
piskd, tzv. hrudy. Poskytovaly suchy, lehce propustny a vyhievny
povrch, vystupovaly z nejsilngjSich pfizemnich teplotnich inverzi a ze
zaplavovaného Uzemi. Byly osidlovany pravidelné od mezolitu do konce
raného stfedovéku, pfiéemz obdobi 8. a 9. stoleti patfilo k optimalnim
obdobim osidleni idolni nivy. Teprve béhem druhé poloviny 9. stoleti,

kdy koncentrace obyvatelstva Mikul¢ic dosahla nejvy$siho bodu a kdy
velké &asti vyvySenych areéll byly zabirany zfizovanim sakralnich
arealll s kostely a pohiebisti, dochazelo k vyraznéj§imu rozsifovani
osidleni i do méné pfiznivych, nize polozenych poloh na starSich po-
vodnovych hlinach. Pfikladem jsou arealy severniho, severozapadniho
avychodniho podhradi mikulického hradi$té, jejichz osidleni mizeme

3 Polagek 2016, 66-67; Polaéek et al. 2020, 92.
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Obr. 1. Velkomoravska sidelni aglomerace Mikul&ice—
—Kop¢&any v pohledu od severozapadu na leteckém
snimku z roku 2018. Opevnéné jadro aglomerace

se nachdzi v zadni ¢asti luéni enklavy. Vede k nému
(z pravého spodniho rohu snimku) silnice lemovana
stromovou aleji, rozsifujici se v prostoru predhradi

v parkovisté. Za nim, az po hranu lesa sah& akropole.
V pozadi je patrna zastavéna ¢ast slovenské obce
Kopcany, za ni se zvedaji svahy Bilych Karpat, pred
ni je vyznagena ¢ervenym symbolem poloha kostela
sv. Margity.

/ Fig. 1. A 2018 northwest aerial view of the Mikul&ice-
Kop&any Great Moravian settlement agglomeration.
The fortified core of the agglomeration is in the rear

of the meadow. A tree-lined road (from the bottom
right corner of the photograph) leads to it, which then
widens inside of what used to be a fortified outer bailey
and is now a car park. The acropolis stands behind

it, running up to the boundary of the forest. In the
background is the built-up part of the Slovak village of
Kop&any with the hills of the White Carpathians behind
it and the red symbol in front of it, which denotes the
Church of St Margaret.

Obr. 2. Hradi$té Mikul&ice-Valy s vyznagenim sidelnich
areald, prib&hu opevnéni a zaniklych fi¢nich koryt.
Ortofotograficky snimek z roku 2008 ukazuje charakter
dnesni krajiny v prostoru lokality: opevnéné jadro
aglomerace spolu se severozapadnim a severnim
suburbiem se nachézeji v loukach, kdezto vychodni

a jizni ¢ast suburbia jsou zalesnéné.

/ Fig. 2. The Mikul¢ice-Valy stronghold with
highlighted settlement areas, fortification and silted-up
river branches. This 2008 orthophoto shows the
landscape of the site in the modern day: the fortified
core of the agglomeration (acropolis / akropole and
outer bailey / predhradi), together with the northwest
(severozapadni podhradi) and northern extramural
settlements (severni podhradi) are on the meadows
while the eastern (vychodni podhradi) and southern
parts (Kostelisko area) are forested.

and numerous islands has changed into flat bottom land with a single
main watercourse. This metamorphosis is the result of periodic floods,
which brought the loam material eroded from the upper reaches of
the river, to the valley. These floods occurred from the 13th century up
to the modern day, more precisely until the modern-day regulation of
the river and the construction of the flood defences.?

In the early medieval Mikul€ice floodplain, the most sought-after set-
tlement sites were the slightly elevated river-sand dunes, called hriddy
(sg. hrad). These were dry, permeable and warm, and stood above
the inundated areas with the strongest temperature inversions. The
dunes were settled regularly from the Mesolithic to the end of the
Early Middle Ages, with the period of the 8th and 9th centuries be-
ing the optimum time for settlement. During the late 9th century, the
Mikul&ice population reached its highest concentration, and a large
part of the elevations was occupied by sacral areas with churches and
cemeteries. At this point, the settlement expanded to less favourable

3 Polagek 2018b, 66-67; Polacek et al. 2020, 92.

~ severozapadni
', podhradi

Legenda | Legend:

= zaniklé Fiéni koryto | silted-up river branch

opevnéni | fortification

sidelni aredly v podhradi | settlement areas in suburbium

jednotné datovat do pokrocilé druhé poloviny 9. stoleti a na zaCatek
stoleti desatého.*

Aglomerace velkomoravského mocenského centra v Mikul&icich pred-
stavovala rozsahly a ¢lenity sidli§tni komplex. Na zakladé dosavadniho
poznani mdzeme prostor aglomerace rozdélit do tfi zon: opevnéného
jadra (hradu), podhradi a periferni ¢asti aglomerace (obr. 3). Opevnéné
jadro s celkovou plochou 10 hektart mélo dvé ¢asti: akropoli o rozloze
7,7 hektaru a prfedhradi o rozloze 2,4 hektaru a bylo z vnéjsi strany
chranéno dnes zaniklym fi¢nim korytem. Osidleni podhradi's plochou
cca 10-20 hektar( se soustiedilo do né&kolika samostatnych areald,
které tvofily nesouvisly vénec kolem hradu a které svou vné;jsi hranici
nepresahovaly okruh 700 metr( kolem stfedu aglomerace. Na podhradi
navazujici tzv. periferni z6na aglomerace sahala az k okrajiim Gdolni
nivy, tj. do vzdalenosti maximalné 3 kilometr( od stfedu aglomerace.

VSechny tyto tfi zony - hrad / podhradi (suburbium) / periferni ¢ast

4 Polacek 2016, 62-63; Polacek et al. 2020, 92-95.

~ Akropole

VALY ®

vychodni
podhradi

lower positions based on older flood loams. Among such areas were
the northern, north-western and eastern extramural settlements of the
Mikul&ice stronghold where the settlement dates to the late 9th and
early 10th century.*

The agglomeration of the Great Moravian power centre in Mikul€ice
was a vast, diverse settlement complex. Based on current knowledge,
it can be divided into three zones: the fortified core, the extramural
settlement (suburbium) and the agglomeration periphery (Fig. 3). The
fortified core with a total area of 10 hectares consisted of two parts:
the acropolis of 7.7 hectares and the outer bailey of 2.4 hectares were
protected from the outside by the riverbed, which is now silted up. The
settlement of the suburbium, with an area of about 10-20 hectares,
concentrated in separate areas, which formed an irregular ring around
the fortified core and the external border that did not exceed a radius
of 700 metres around the centre of the agglomeration. The periphery of
the agglomeration extended to the outskirts of the floodplain, which is

4 Polacek 2018b, 62-63; Polacek et al. 2020, 92-95.

23



aglomerace - mizeme dnes povaZovat za souc¢ast sidelni aglomerace
Mikulgice-Kopc&any.®

Dulezitym urbanistickym prvkem aglomerace byla patefni zapadovy-
chodni komunikace, ktera propojovala hlavni ¢asti aglomerace na obou
bfezich dneSniho toku feky Moravy a byla nejspiSe soucasti dalkové
komunikace prekragujici v prostoru Mikul&ic fiéni adoli Moravy. V pfi-
padé opevnéného jadra aglomerace prekonavala tato cesta obvodovou
hradbu prostfednictvim tfi bran s pfilehlymi mosty pfes fi¢ni koryta.
Kolem této cesty byly v rdmci akropole usporadany nejvyznamné;jsi
objekty — kostely, resp. jejich sakralni arealy s pohrebisti, palacovy

okrsek a dal$i dlilezité objekty.t

l.2.2
Hlavni sidelni komponenty
velkomoravského centra

Akropole byla centralnim opevnénym Gtvarem hradisté. Zde se na-
chazely nejvyznamnéjsi stavby a nejnakladnéji vybavena pohrebisté.
VétSina archeologicky doloZzenych zdénych staveb 9. stoleti byla
situovana v severni vyvySené ¢asti akropole, ozna¢ované jiz tradiéné
pomistnim nazvem Valy. Tato &ast akropole o rozloze 4,8 hektaru je
tvofena piseénou dunou, kterd vySkové vyrazné vystupuje ze zarov-
naného povrchu mikul€ické adolni nivy. Naproti tomu nize polozena
jizni ¢ast akropole, nazyvana Dolni Valy, patfi k nejnizsim arealim celé
aglomerace; zaujima plochu 2,9 hektaru. Obé uvedené &asti o celkové
vymére 7,7 hektaru jsou spoleéné ohrani¢eny dnes dobfe viditelnym ob-
vodovym valem akropole, ktery je poztstatkem plvodni velkomoravské
hradby dfevohlinité konstrukce s ¢elni kamennou zdi. Na akropoli se
nachéazely ty nejvyznamné;jsi zdéné stavby - kostely a profanni objekt
oznadovany jako paléc, ale i dalSi rezidenéni nebo vyrobni objekty.
Vnitini plocha akropole byla ¢lenéna prikopy, palisddami nebo ploty
na mensi Utvary, predevsim sakralni areély kostell s hrbitovy, dvorce
a dalsi celky, jejichz rozsah ani blizsi funkci nedokazeme blize ur¢it. Zde
sidlili v prvni fadé pfislugnici tehdejsi elity — rodiny knizete a velmozd,
duchovenstvo, pfislusnici vojenské druziny, femeslinici pracujici pro
knizeci ,dvir" - a samoziejmé sluzebné obyvatelstvo. Na akropoli
pracovaly dilny kovolitct, $perkafl, kovara, snad i sklard a femeslinik(
dalSich profesi. Zakladnim typem obydli byly dfevéné pfizemni domy
roubené konstrukce s hlinénymi, nékdy dokonce maltovymi podlahami.’

Predhradi protahlého jazykovitého tvaru se pfipojovalo na zdpadni strané
k akropoli a zaujimalo plochu 2,4 hektaru. Jeho opevnéni bylo ve srovnani
s hradbou akropole podstatné subtilng;jsi, takZe v reliéfu soud¢asného
terénu nezanechalo viditelné stopy. Areél zaujimal mirnou terénni vinu
ze starSich povodnovych hlin obtékanou v 9. stoleti meandrem Feky.
Slo o obytny areal s pravidelnou hustou zastavbou a vysokou intenzitou
osidleni. Zastavbu tvofily roubené domy budované na pisg€ito-jilovitych
podlahovych navazkach. Z hlediska uréeni funkce predhradi ukazuje

5 Polaéek 2016, 62-67; Polacek et al. 2020, 107-111; Polacek et al. 2021a, 37-41, 62.
6 Polacek et al. 2020, 142, 166-157, 170171, fig. 69; 94-95; Polacek et al. 2021a, 91, 95, 111.1.2.
7 Polacek 2016, 10-11; Mazuch 2020.
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3 kilometres from the centre of the agglomeration at the most. All three
zones - the fortified core, suburbium and periphery of the agglomera-
tion — are considered part of the Mikul¢ice-Kop&any agglomeration.®

An important urbanistic element of this agglomeration was the west-
east backbone road, which connected the main parts of the agglom-
eration on both banks of the modern-day River Morava and probably
used to be part of a long-distance route that crossed the Morava river
valley near Mikul&ice. This road ran through the fortified core of the
agglomeration, through three gates in the fortification and the adjacent
bridges over the river. In the acropolis, important buildings lined this
road - churches, or more precisely, their sacral areas with cemeteries,
the palace district and others.®

|.2.2
The main settlement components
of the Great Moravian centre

The central fortified element of the stronghold was the acropolis, which
contained the most important buildings and burial sites with the richest
grave goods. Most of the archaeologically documented 9th-century
buildings were in the elevated northern part of the acropolis, tradition-
ally called Valy. This part of the acropolis, 4.8 hectares large, is made
up of a sand dune, which significantly rises above the level surface of
the MikulGice floodplain. On the other hand, the lower, southern part
of the acropolis, Dolni Valy, is one of the lowest in the entire agglom-
eration and occupies an area of 2.9 hectares. Both these parts, with
a total area of 7.7 hectares, are surrounded by the still recognisable
rampart — the remains of the original Great Moravian fortification of
a wood-and-earth construction with a front stone wall. The acropolis
contained the most important masonry buildings: churches, a profane
building denoted as the “palace” and other residential or production
buildings. The inner area of the acropolis, especially the surroundings
of churches and the “palace”, were divided by ditches, palisades or
fences of courts or other units with undefined function. The acropolis
was home to the members of the elite - the princely family, the clergy
and the members of the military retinue employed by the princely
“court” — and, of course, the servants. There were also fine-metal,
jeweller’s and blacksmith’s workshops and perhaps workshops for
glassmakers and other professions. The basic type of dwellings were
surface log houses with clay and sometimes even mortar floors.”

The elongated, tongue-shaped outer bailey (2.4 hectares) was adjacent
to the western side of the acropolis. Its fortification was significantly
less robust compared to the acropolis fortification, which is why it
has left no traces in the modern-day terrain. The area was built on
a mild terrain undulation constituting flood loams, which was sur-
rounded by a meandering river in the 9th century. It was a regularly
and densely built-up residential area with a high population intensity.

5 Polacek 2018b, 62-67; Polacek et al. 2020, 107-111; Polacek et al. 2021a, 37-41, 62.
6 Polacek et al. 2020, 142, 166-157, 170-171, fig. 69; 94-95; Polacek et al. 2021a, 91, 95, I11.1.2.
7 Polacek 2018b, 10-11; Mazuch 2020.
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Obr. 3. Velkomoravska centralni aglomerace sidelni aredly. Z nich nejrozsahlejsi a nejvyznamné;jsi constituted a fortified acropolis with an outer bailey

Mikul€ice-Kopé&any s vyznaéenim jeji ,vnitfni“

a ,okrajové" zény na ortofotografickém snimku z roku
2020. Aglomerace predstavuje komplex nékolika
sidelnich areald, které se rozprostiraly v idolni

nivé feky Moravy. Vnitfni ¢ast aglomerace tvofily
opevnéné Utvary akropole a predhradi, obklopené
dal$imi neopevnénymi arealy podhradi. Tento komplex
oznacujeme jako hradisté Mikul&ice-Valy. Druhou

Cast aglomerace tvofi tzv. okrajové zéna, ve které se
nachézeji dal$i, od opevnéného centra vzdalengjsi

predstavuji polohy Mikul&ice-Trapikov na &eské
strané a Kop&any - Za jazerom pri svéatej Margite
na slovenské strané aglomerace.

surrounded by unfortified areas in the suburbium.

This complex is referred to as the Mikul&ice-Valy
stronghold. The settlement areas that are more remote
from the fortified core constitute the periphery. Among
/ Fig. 3. The Great Moravian central agglomeration the largest, and most important, are the sites of

of Mikul€ice-Kop¢any: the inner and the peripheral Mikul€ice-Trapikov on the Czech side and Kop&any -
zones highlighted on an orthophotograph taken Za jazerom pri svatej Margite on the Slovak side of

in 2020. The agglomeration consisted of several the agglomeration.

settlements spread along the floodplain of the

River Morava. The inner part of the agglomeration
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Obr. 4. Velkomoravské komponenty sidelni sité

v zazemi Mikulgic na ortofotografickém snimku

z roku 2020. V blizkosti aglomerace evidujeme jedno

z nejhustSich osidleni na tzemi Velké Moravy. Do
okruhu cca deseti kilometr( od opevnéného centra
zname nékolik desitek sidlist i pohrebist. V tomto
geografickém prostoru se rovnéz nachazeji jedny

z nejlépe prozkoumanych komponent velkomoravské
sidelni sité obecné. Intenzivni vyzkum zazemi
mikul8ického centra probiha zhruba od poloviny

70. let minulého stoleti. Sou¢asna etapa moderniho
vyzkumu sidelnich vztah( mezi mikul8ickym centrem

a jeho hospodafskym zazemim se odehrava v podstaté
od za¢atku nového stoleti. V tomto obdobi se za¢aly

v rdmci archeologického terénniho vyzkumu dostéavat
do popredi nové metody zaloZzené na rozvoji digitalnich
technologii, které slouzi k mapovani krajiny a struktury
historického osidleni. Jde o tzv. geografické informaéni
systémy. Diky témto néstrojim jsme schopni ve smyslu
skrajinné"/,prostorové” archeologie 1épe mapovat

a nasledné interpretovat vztahy mezi jednotlivymi
sidlisti ¢i pohFebisti a také vztahy celé sidelni sité ke
krajiné &i k vybranym slozkdm zivotniho prostredi.

/ Fig. 4. Great Moravian components of the
settlement network in the Mikul€ice hinterland on

a 2020 orthoimage. In the vicinity of the agglomeration
was one of the densest settlements on the Great
Moravian territory. Several dozen settlements and
burial sites have been discovered within a radius

of about ten kilometres from the fortified centre.

This geographical area contains some of the best-
researched components of the Great Moravian
settlement network in general. Intensive research

into the hinterland of the Mikul€ice centre has been
taking place since the mid-1970s. Modern research
into the relationship between the Mikul&ice centre of
the settlement and its economic hinterland has been
conducted since the beginning of the 21st century.

At that time, new methods using advanced digital
technologies that could map the landscape and the
structure of historical settlements - geographical
information systems (GIS) - gained prominence within
archaeological research. Through these tools, we have
been able to improve the mapping and interpretation
of the relationships between individual settlements
and burial grounds, the relationship between an entire
settlement network and the landscape, and selected
environmental components as part of landscape/
spatial archaeology.
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v8e na primarné obytné vyuziti arealu; nenachazime zde kostely ani
K takto vyhranéné formé ,obytného” arealu zatim chybi mezi rané
stfedovékymi hradisti na Morave i v Sir§im okoli srovnatelné paralely.
Otazkou je, kdo predhradi obyval a k éemu tento aredl primarné slouzil.
Jednim z tradi¢nich vykladd funkce predhradi je jeho interpretace jako
sidlo vojenské druziny knizete.®

Pod pojmem podhradi (suburbium) se rozumi Uzemi obklopujici
opevnéné jadro aglomerace a svym vnéjSim okrajem nepfesahujici
okruh 700 metr( kolem stfedu aglomerace. Osidleni podhradi re-
prezentovalo nékolik izolovanych sidlistnich areal( situovanych bud
na vyvySenych piseénych dunach, nebo na nize polozenych starSich
povodriovych hlinach. Duny bezprostfedné pfiléhajici k opevnénému
jadru nabizely ocividné nejlepsi podminky k Zivotu a vykazovaly také
relativné dlouhodobé osidleni (arealy TéSicky les, Kostelisko). Naproti
tomu nize polozené arealy na povodriovych hlinach byly osidlovany jen
kratkodobé, a to az ve fazi maximalniho ristu aglomerace v pokrogilé
druhé poloviné 9. stoleti a zacatkem 10. stoleti (arealy severozapadniho,
severniho a vychodniho podhradi). Také méné vyrazné duny lezici ve
vétsi vzdalenosti od hradu (arealy Stépnice | 300 metril severozapadné
od predhradi a Zabnik 300 metr(i jihozapadné od akropole) vykazovaly
jen slabsi a kratkodobéjsi osidleni. Soucasti nékterych sidlistnich areall
v podhradi byly kostely (kostely €. 6 az 10) s pfilehlymi hibitovy a také
prosta pohiebisté. Obecné plati, ze v podhradi Ize hledat pfibytky Femesl-
nikd, zemé&délcu a dal$iho obyvatelstva zajistujiciho hospodarsky provoz
hradu. Nejvice doklad( vyroby - kovéafstvi a kovolitectvi - nachazime
v severnim podhradi. Kostely v mikulGickém suburbiu byvaji teoreticky
povazovany za soucast predpokladanych dvorcl, tj. rezidencnich
a hospodarskych atvar( zakladanych velmozi v blizkosti knizeciho
hradu; ov§em zatim se zadny takovyto Utvar nepodafilo archeologicky
v celistvosti prozkoumat.®

Sidelni zénu navazujici na podhradi a vné ohrani¢enou okrajem Gdolni
nivy oznaujeme jako periferni ast aglomerace. Tato zéna je reprezen-
tovana predevsim dvéma sidelnimi aredly situovanymi na piseénych
dunéach na dnesni ¢eské i slovenské strané aglomerace. Jde o lokality
Mikulgice-Trapikov a Kop&any —Za jazerom pri sv. Margite. Co maji oba
aredly spole¢ného a ¢im se odlisuji na prvni pohled od opevnéného
jadra a podhradi aglomerace, je vyskyt zahloubenych zemnic jako cha-
rakteristického typu obydli raného stfedovéku. V tomto jevu je mozné
spatfovat projev socialné-ekonomické diferenciace jednotlivych ¢asti
aglomerace. Dfive byla tato z6na povazovana za sou¢ast zazemi centra,
dnes se pfiklanime k nazoru, Ze $lo o jakousi pfechodovou zénu mezi
centrem a jeho hospodarskym zazemim, ktera hrala podstatnou roli
v ekonomicko-spoleéenské interakci mezi obéma uvedenymi zénami.

Periferni ¢ast aglomerace sahala az k okrajiim udolni nivy, zatimco
vlastni vyvySené okraje nivy a na né navazujici krajina po obou stranach
fi¢niho Gdoli v okruhu pfiblizné do 10 kilometrd od hradu byly jiz viastnim

8 Polacek 2016, 12-13.
9 Polacek 2016, 14-15; Polacek et al. 2019.
10  Polacek et al. 2020, 111; Polacek et al. 2021a, 37-47.
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The log houses that formed the built-up area were built on a sandy
clay floor backfill. Archaeological evidence confirms a predominantly
residential function of the outer bailey: there were no finds of churches,
burial grounds or intensive craftsmanship. Such a purely “residential”
function is unparalleled among early medieval fortified settlements in
and around Moravia. The question is who the inhabitants of the outer
bailey were and what was the primary purpose of the area. One of the
traditional interpretations is that of the outer bailey as the quarters of
the prince’'s military retinue.®

The term suburbium refers to the territory surrounding the fortified
core of the agglomeration, the perimeter of which is no greater than
700 metres from the centre. The settlement of the suburbium consisted
of several isolated populated areas that were built either on the elevated
sand dunes or lower, based on the flood loams. The dunes immediately
adjacent to the fortified core offered the best conditions for settlement,
which is probably why there is proof of a relatively long settlement (the
Tésicky les and Kostelisko areas). On the other hand, lower sites built
on flood loams were settled only briefly, only at times of the maximum
growth of the agglomeration in the late 9th and early 10th century. This
includes the north-western, northern and eastern extramural settle-
ments. Less intensive and shorter periods of settlement were proven
on lower dunes that lie further from the stronghold (the sites étépnice l,
which is 300 metres northwest of the outer bailey, and Zabnik, which
is 300 metres southwest of the acropolis). Some of the extramural
settlements included churches (Church 6 to 10) with cemeteries, as
well as common burial grounds. In general, the extramural settlements
were home to artisans, farmers and other inhabitants that economi-
cally supported the stronghold. The most archaeological evidence of
smithery and fine-metalwork was found in the northern suburbium.
The churches in the Mikul&ice suburbium are considered to have been
parts of hypothetical courts, i.e. the residential and economic units
established by the magnates near the princely seat; however, no such
formation has been archaeologically studied in its entirety.®

The periphery of the agglomeration is the settlement zone adjacent to
the suburbium, delimited by the boundary of the floodplain. This zone
contains two main settlements situated on the sand dunes, one on
the Czech and the other on the Slovak side: Mikul&ice-Trapikov and
Kopc&any - Za jazerom pri sv. Margite, respectively. These two sites
distinguish from the fortified core and the suburbium by the pres-
ence of typical early medieval pithouses. This phenomenon can be
seen as a reflection of socioeconomic differentiation in the individual
parts of the agglomeration. This zone was previously considered part
of the hinterland of the centre, but the latest hypothesis is that it was
a transition zone between the centre and its hinterland, which played
a significant role in the economic and social interaction between the
above-mentioned zones."®

8 Polacek 2018b, 12-13.
9 Polacek 2018b, 14-15; Polacek et al. 2019.
10  Polacek et al. 2020, 111; Polacek et al. 2021a, 37-47.
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opevnéni akropole | fortification of the acropolis
opevnéni predhradi | fortification of the outer bailey
vyrazna terénni hrana | significant terrain boundary
most s bréanou | bridge with gate

zaniklé Fiéni koryto | silted-up river branch

plocha prozkoumanéa b&hem velkoplodnych odkryvl
1954-1992 | the area uncovered during the
large-scale excavations between 1954 and 1992
plocha odkryta béhem reviznich, zadchrannych

a ovéfovacich vyzkum( 1993-2020 | area excavated

during the revision, rescue and test excavations
between 1993 and 2020

KOSTELISKO

Obr. 5. Rozsah ploch hradi§té prozkoumanych
bé&hem let 1954-1992 (etapa ) a 1993-2020 (etapy

Il a 1l mikul&ického vyzkumu). Oproti velkoplo§nym
odkryviim etapy | znamenala etapa Il (1993-2003)
docasné preru$eni terénnich praci a zaméreni
veskeré pozornosti na systematické zpracovani do
té doby ziskaného pramenného materialu. V etapé Il|
(po roce 2004) se archeologové vratili opét do terénu,
ov§em za Uplné jinych podminek, navic vybaveni
novou metodikou, digitalni technikou a upravenymi
paradigmaty. Terénni prace v Mikul€icich tak maji
po roce 2005 prevazné revizni, za&chranny nebo
ovérovaci charakter a jsou pojimany jako soucast
badatelského vyzkumu.
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/ Fig. 5. The areas of the stronghold excavated

in 1954-1992 (phase |) and 1993-2020 (phases Il

and Il of the MikulGice research). Unlike the large-
scale excavations in phase |, phase Il (1993-2003)
entailed a temporary interruption of fieldwork and

a shift in focus towards systematic processing

of the source material obtained to date. In stage Il
(after 2004), archaeologists returned to the field

but under completely different conditions: with new
methodology, paradigms and equipped with digital
technology. After 2005, Mikulcice saw mostly revision,
rescue and test excavations and their concept shifted
towards complex scientific research.
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hospodarskym zazemim centra (obr. 4). Pro néj je typicky vyskyt ves-
nickych sidlist reprezentovanych zemnicemi a obilnimi jamami, jak je
zname napfiklad z modelové zemédélské osady zkoumané nedavno
v poloze Mikul&ice-Podbfezniky."

l.2.3
Mikul€icky vyzkum

Mikul&icky vyzkum je dnes reprezentovan tfemi zakladnimi slozkami
védecko-vyzkumné ¢innosti: terénnim vyzkumem, postexkavaéni
analyzou a 8ir§im badatelskym/teoretickym vyzkumem. Na zakladé
odlisného podilu t&chto tfi slozek, rozdilnych metodickych pfistupt
a riznych paradigmat mdzeme cely dosavadni, témér 70 let trvajici
vyzkum rozdélit do t¥i etap: etapy velkoplodnych vyzkumdi 1954-1992 (1),
etapy systematického zpracovani 1992-2003 (Il) a etapy pramenného
zpracovani a verifikace starych vyzkumu pocinaje rokem 2004 (lll;
trva dodnes). Cela obrovska prozkoumana plocha presahujici rozlohu
5 hektar( je ,dilem" predevsim prvni etapy (obr. 5); naproti tomu ve
druhé etapé byl terénni vyzkum témér zastaven a vSechna pozornost
se zaméfila na do té doby opomijené systematické zpracovani vysledkd.
Treti etapa znamena opét vyraznéjsi podil terénnich praci; ty v8ak na
rozdil od prvni etapy maji charakter pfevazné zachrannych, reviznich
nebo detailnich badatelskych terénnich odkryvi a jsou svym zplsobem
nastrojem teoretického vyzkumu pfi ovéfovani konkrétnich archeolo-
gickych a historickych otazek.”

Co z uvedeného prehledu vyplyva, je predevsim fakt, Ze obrovsky kon-
volut terénni a nalezové dokumentace v Mikul&icich pochazi z vétsi
¢asti z doby prfed 70 az 30 lety. Tehdy byly ve srovnani s dneSkem
kladeny odliSné pozadavky jak na terénni archeologicky vyzkum a jeho
dokumentaci (obr. 6), tak na evidenci a zpracovani nalez(. Sou¢asné
dokumentaéni a evidenéni systémy se tak museji s touto disproporci
vyrovnavat, a to jak po metodické, tak praktické strance.

Systém dokumentace nalezovych situaci a objektl - dnes bychom
fekli terénnich kontextll — utvareny zejména v pribé&hu prvni etapy vy-
zkumu 1954-1992 byl systematicky pfedstaven a kriticky okomentovan
v globalnich védeckych privodcich po mikulickém vyzkumu.® Na
tyto prlvodce navazal novy systém terénni dokumentace a nalezové
evidence definovany v interni smérnici MARSM Tyto systémové nastroje
propojily ,stary“ vyzkum s ,novym* a formulovaly pravidla pro dnesni
terénni dokumentaci a nalezovou evidenci mikul€ického hradisté, a to
v podobé jednotného systému vychazejiciho ze zadsad kontextualni
archeologie. Terminologie terénnich kontextt a systém jejich evidence
pouzivané dnes v Mikul&icich jsou tak uréitym kompromisem. Usiluji
o maximalni implementaci starych, po desetileti vytvarenych, avSak
noveé revidovanych prvkd vyzkumu do moderniho dokumentaéniho

11 Hladik 2014; Hladik 2020; Hladik, Mazuch, Polaéek 2020; Polaéek et al. 2021a, 13-37;
Hladik, Mazuch, Latkova 2022.

12 Polacéek 2016, 114-125; Polacek et al. 2014, 192-196; Polacek et al. 2021a, 91-92.

13 Polagek, Marek 1995; Polacek, Marek 2005.

14 Mazuch 2005.
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The periphery of the agglomeration extended to the edges of the
floodplain, while the actual economic hinterland of the centre began
at the elevated edges of the floodplain and the adjacent terrain on
both sides of the river valley and extended up to 10 kilometres from the
stronghold (Fig. 4). The hinterland is characterised by the presence of
rural settlements represented by pithouses and grain storage pits, as
we know them, for instance, from the model agricultural settlement
studied recently at the Mikul€ice-Podbrezniky site."

1.2.3
The MikulCice research

The Mikul&ice research comprises the three basic components of
scientific research: excavations, post-excavation analysis and broad
theoretical research. Based on the proportions of these three com-
ponents, different methodologies and paradigms, the 70 years of re-
search can be divided into three stages: (l) large-scale excavations
(1954-1992), (11) systematic processing (1992-2003) and (lll) processing
of archaeological remains and verification of old excavations (since
2004). The vast excavated area of more than 5 hectares is the subject
of the first stage (Fig. 5). In the second stage, fieldwork was practi-
cally stopped, and the focus was placed on the previously neglected
systematic processing of excavation results. The third stage contains
a more significant share of fieldwork; however, unlike in the first stage,
this is mainly rescue, revision or detailed research excavations, which
are theoretical research tools aimed at the verification of specific
archaeological and historical issues.”?

Logically, the greatest amount of field and find documentation related
to Mikulgice is 30 to 70 years old. At that time, the requirements for
excavations as well as the documentation (Fig. 6), registration and
processing of finds were different than today. As a result, the current
documentation and registration systems must methodologically and
practically deal with this.

The system of documentation of archaeological features was mainly
established during the first research stage between 1954 and 1992
and was systematically presented and critically commented on in
global expert guides concerning the Mikulice research.® These
guides were followed up by a new system of field documentation and
find recording defined in the MARS internal directive.* These system
tools connected the “old” and “new” research stages by formulating
the rules for modern-day field documentation and the recording of
finds from the Mikul&ice stronghold in the form of a uniform system
based on the principles of contextual archaeology. The terminology
of contexts and their recording system that are now used in Mikul¢ice
are a compromise. They aim at the maximum implementation of old

11 Hladik 2014; Hladik 2020; Hladik, Mazuch, Pola&ek 2020; Polacek et al. 2021a, 13-37;
Hladik, Mazuch, Latkova 2022.

12 Polacek 2018b, 114-125; Polacek et al. 2014, 192-196; Polacek et al. 2021a, 91-92.

13 Polacek, Marek 1995; Pola¢ek, Marek 2005.

14 Mazuch 2005.

Obr. 6. VVyzkum dvouapsidové rotundy (6. kostela),

prvni sakralni stavby objevené a zkoumané v podhradi.

Snimek z roku 1960 ukazuje nazorné postup praci pfi
terénnim vyzkumu. Byl nejspiSe pofizen se zamérem
zachytit komplexnost a exaktnost terénnich praci

v Mikulgicich. Zeny v prostoru vychodni apsidy

a lodi provadéji vykopové prace, kresli¢i Milo§ Kuda
a Jaroslav Jasa (prvni a druhy zleva) spolu se
zastupujicim vedoucim vyzkumu Jaroslavem Tejralem
(tfeti zleva) pracuji na dokumentaci. Soucasti
technické vybavy vyzkumu je difevéna konstrukce
slouzici k supervizi a dokumentaci zkoumané plochy.

/ Fig. 6. Excavation of the two-apse rotunda
(Church 6), the first sacred building discovered

and studied in the suburbium. This 1960 image,
probably taken to show the complexity and scientific
nature of the MikulCice excavations, illustrates the
progress of the fieldwork. Women are excavating the
eastern apse and the nave, draftsmen Milo$§ Kuda
and Jaroslav Jasa (first and second from the left)
together with the deputy head of the excavations,
Jaroslav Tejral (third from the left) are working on
documentation. Part of the technical equipment was
a wooden structure that served for visual inspection
and documentation of the excavated area.
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Obr. 8. Atlas Mikul¢ice 900, vydany Archeologickym
tstavem AV CR, Brno v roce 2021, je kniznim
dopliikem webové aplikace Virtualni védecky model
velkomoravskych Mikul&ic.

/ Fig. 8. The atlas Mikul¢ice 900 published in
2021 by the Czech Academy of Sciences, Institute
of Archaeology, Brno, is a book complementing
the online application Virtual scientific model of
Great Moravian MikulCice.
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Obr. 9. Publikace Great Moravian Elites from
Mikulcice, vydana Archeologickym Ustavem

AV CR, Brno v roce 2020 a shrnujici vysledky
interdisciplinarniho studia Zivotniho stylu a identity
nejvyssich elit z Mikul€ic, pfinesla novy komplexni
pohled na velkomoravské Mikul&ice.

1l¢ice9oo

Atlas wlkmm#rwameagio ace

13 Ao e S

Obr. 7. Titulni strana mapové aplikace Virtualni
védecky model velkomoravskych Mikul&ic (VVMVM),
spusténé online v poloviné roku 2021 a propojujici
interaktivni formou vysledky témér 70 let trvajiciho
vyzkumu v Mikul&icich.

/ Fig. 7. Homepage of the Virtual scientific model
of Great Moravian Mikul&ice (VWMVM), an online
map application launched in mid-2021, which is an
interactive platform that links the results of almost
70 years of excavations in MikulCice.

/ Fig. 9. The 2020 publication Great Moravian Elites
from MikulCice, published by the Czech Academy of
Sciences, Institute of Archaeology, Brno, sums up the
results of interdisciplinary research focused on the
lifestyle and identity of the top elites of Mikuléice and
brings a new comprehensive image of Mikul€ice in
the time of Great Moravia.

Czech Academy of Sciences Great Moravian Elites From Mikulice
Institute of Archaeology, Brno Lumir Polacek et al.

a evidenéniho systému lokality. Jednim z poslednich vysledkd tohoto
procesu je atlas MikulGice 900 a s nim spojena webové aplikace Virtualni
védecky model velkomoravskych Mikuléic (obr. 7, 8).1°

Pocgatkem roku 2008 zahdjilo Masarykovo muzeum v Hodoniné jako
spravce pamatkového aredlu proces prestavby a revitalizace NKP
Slovanské hradisté v Mikul&icich. Soucasti vSech stavebnich praci byl
predstihovy archeologicky vyzkum, ktery probihal v rezii Archeologického
ustavu AV CR, Brno. Diky propojeni zachranné ginnosti se zakladnim
vyzkumem, resp. s bézicimi vyzkumnymi projekty ustavu bylo mozné
ziskat nebo revidovat fadu zasadnich faktd a interpretaénich model(
dotykajicich se kli¢ovych objektd velkomoravskych Mikul&ic, napf.
zdénych staveb, opevnéni, bran nebo mostu. V souladu s takto pojatym
programem bylo mozné v letech 2008-2013 v rdmci mezinarodniho pro-
jektu Archeologicky park Mikulcice-Kop&any: aktivita ViyzdviZzeni kopif
zaklad( kostell (Evropsky fond regionalniho rozvoje) uskutecnit revizni
vyzkum vétsiny kostell a ,palace” v Mikul€icich (obr. 10). Cilem téchto
praci bylo ovéfit a doplnit vysledky pavodniho vyzkumu z 50.-60. let
minulého stoleti. K diléim Gkollim projektu patfila revize a detailni
dokumentace reliktt jednotlivych staveb, feSeni stratigrafickych, chro-
nologickych, stavebnéhistorickych a stavebné-technologickych otazek.
Takto se archeologim naskytla jedine¢na prilezitost doplnit a ovéfit
stavajici obraz sakralni architektury v Mikul€icich a ziskat tak informace
pro komplexni vyhodnoceni a publikaci v8ech pramennych podklad
k jednotlivym stavbam. Jiz dnes Ize Fici, ze nové terénni prace zdsadnim
zpusobem ovlivnily postup zpracovani starych vyzkumu a postavily nové
konkrétni otazky pro tyto prace i pro dalsi teoreticky vyzkum.

Reakci archeologli na rekonstrukci a revitalizaci arealu hradisté po-
¢inaje rokem 2008 bylo také zahajeni programu ,komplexniho ne-
destruktivniho prizkumu” lokality. Jednotlivé kroky tohoto programu
tvofily pfirozenou posloupnost. Nejprve byl zdokumentovan georeliéf,
nasledoval systematicky priizkum pomoci detektoru kovli a nakonec
rozsahly geofyzikalni prazkum.”

.2.4
Historicky a védecky vyznam lokality

Rané stfedovékeé hradisté Valy u Mikul€ic patfilo v 9. stoleti k nejvyznam-
néjsim centrdm Velké Moravy, mocensko-politického Gtvaru zapadnich
Slovanu spojeného s doméacim panovnickym rodem Mojmirovci. Z pi-
semnych pramen( se bohuZel nedovidame, jak se hrad jmenoval, ani
jakou pInil ulohu ve spravé fise, ve vécech politickych, hospodarskych
a cirkevnich. ReSeni téchto otazek ziistava predevsim na archeologii,
i kdyZ ani ta na mnohé z nich nemize dat jednoznacénou odpovéd.
Jisté je, Zze Mikul€ice jsou opevnénym mistem s doklady pfitomnosti
v8ech zakladnich centralnich funkei. K tomu je potfeba pfipoditat dalsi
vyjimec€né, archeologicky dolozené kvality — velkou intenzitu osidleni,

15 Polacek et al. 2021a; https://mikulcice-valy.cz.
16 Polacek 2014d, 68-72.
17 Polacéek et al. 2014, 196; Polacek 2016, 124-125.

research elements, which were developed over decades and recently
revised, into the site’s modern documentation and recording system.
One of the latest results of this process is the atlas Mikul&ice 900
and the online application Virtual scientific model of Great Moravian
Mikuléice (Fig. 7, 8).°

At the beginning of 2008, the Masaryk Museum in Hodonin, which
manages the archaeological monument, began the reconstruction
and revitalisation of the of the Mikul&ice Slavonic Stronghold national
monument. All construction work was preceded by excavations car-
ried out by the Czech Academy of Sciences, Institute of Archaeology,
Brno. Through the interconnection of rescue excavations with basic
research, more precisely with the ongoing research projects at the
institute, it was possible to obtain or revise a number of fundamental
facts and interpretative models connected with the key features of
Great Moravian Mikul€ice, e.g. masonry buildings, fortification, gates
and bridges. Due to this conception of the programme, it was pos-
sible to conduct revision excavations of most churches and “palace”
in Mikul&ice between 2008 and 2013 within the framework of the in-
ternational project Mikul¢ice-Kop&any Archaeopark, activity: Building
copies of the foundations of churches (European Regional Development
Fund) (Fig. 10). These works aimed to verify and amend the results of
the earlier research in the 1950s and 1960s. The partial tasks of the
projectincluded a revision and detailed documentation of the remains
of buildings and addressing the issues of stratigraphy, chronology,
history of architecture, construction and technology. This gave the
archaeologists a unique opportunity to amend and verify the existing
image of the sacral architecture in Mikul&ice and thus obtain informa-
tion for a comprehensive evaluation and publication of all the sources
connected with the buildings. The new fieldwork has fundamentally
influenced the processing of the early excavations while raising new
issues that are yet to be answered by theoretical research.’®

Archaeologists responded to the 2008 reconstruction and revitalisation
of the stronghold area by launching a “comprehensive non-destructive
survey programme” at the site. The steps of this programme followed
in a logical order. The documentation of the georelief was followed
by a systematic metal detector survey and, finally, an extensive geo-
physical survey.”

.2.4
Historical and scientific importance of the site

In the 9th century, the early medieval fortified settlement of Valy
near Mikul&ice was among the most important Great Moravian cen-
tres — a power-political unit of the western Slavs associated with the
Mojmirids — a local ruling family. Unfortunately, the written sources do
not provide the name of the stronghold or what role it played in the

156 Polacek et al. 2021a; https://mikulcice-valy.cz.
16 Polacek 2014a, 68-73.
17 Polacek et al. 2014, 196; Polaéek 2018b, 124-125.
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Obr. 10. Hradisté Mikul&ice-Valy od vychodu na
leteckém snimku z roku 2012. Revizni a za&chranné
archeologické prace byly souéasti v§ech nové
realizovanych stavebnich akci na hradisti. Slo
predev§im o revizni vyzkumy kostell a palace (véetné
pravé probihajiciho vyzkumu 5. kostela pod stanem

ve spodni ¢asti snimku; vyzkum &. 97; V. kostel

2012) a zachranné vyzkumy v prostoru 1. mostu

pfed SZ branou pfedhradi (¢. 93; B 2012), fortifikace

u 2. kostela (&. 91, 96; R 2012-I, Il), ,historické" hlavni/
paterni cesty a na ni navazujiciho moderniho chodniku
propojujiciho jednotlivé zdéné stavby na akropoli

(6. 92; Z 2012-1). Posledni zachranny vyzkum, vyvolany
stavbou prFistupové cesty smérujici k nové vybudované
lavce pres feku Moravu mezi Mikuléicemi a Kop&any,
se zaméfil na odkryv opevnéni predhradi

(8.119; R 2018).

/ Fig. 10. East aerial view of Mikul&ice-Valy
stronghold photographed in 2012. Revision and
rescue archaeological excavations became part of all
new constructions at the stronghold. This included
the revision excavations of churches and palaces in
2008-2013 (including the excavations of church 5 -
under the tent on the bottom — which took place

at the time; excavation No. 97; Church V 2012) and
rescue excavations around bridge No. 1 in front of the
north-western gate to the outer bailey (No. 93; B 2012),
fortification near church 2 (No. 91, 96; R 20121, 1)

and the “historical” main road and modern pavement
that connects the masonry buildings at the acropolis
(No. 92; Z 2012-1). The latest rescue excavations to
date concerned the fortification at the outer bailey,
above which a new path leading to the footbridge over
the River Morava between Mikul&ice and Kop&any was
supposed to be built (No. 119; R 2018).




a pfedev8im pozoruhodnou koncentraci doklad( moci, bohatstvi
a kiestanskeé viry (obr. 9). Tyto kvality nemaji obdoby v Zzddném jiném
moravském centralnim misté 9. stoleti, snad s vyjimkou sidelni aglome-
race v prostoru Starého Mésta — Uherského Hradi$té. V obou lokalitadch
je tradi¢né hledano sidlo moravskych panovnik( 9. stoletii cirkevniho
ustredi Velké Moravy, i kdyz bez jednozna&ného uréeni ve prospéch
jedné nebo druhé lokality. Je ovSem dost pravdépodobné, ze v dyna-
mickém vyvoji Velké Moravy se tyto funkce mohly mezi obéma centry
presouvat. Nelze ani vyloudit, Ze zde existoval systém platny v sousedni
Francké fiSi oznaCovany jako ,vlada ze sedla®, kdy panovnik objizdél
své hlavni falce a odtud vykonaval spravu zemé. V pfipadé hlavnich
velkomoravskych center nelze navic prokazat, ze by funkci spravniho

centra fie a cirkevniho Ustfedi muselo plnit jedno a totéz hradisté.”®

Zakladni archeologické atributy dokladaji vyznam mikul&ického hradisté
primarné jako rané stfedovékého mocenského a cirkevniho centra par
excellence. Ovéem pritomnost dalSich znakd, jakymi jsou na svou dobu
pozoruhodna intenzita osidleni nebo pravidelna povrchovéa zastavba
hradi$té s naznaky urbanismu, dovoluje uvazovat o Mikul&icich jako
o rané stredovékém ,protomésté” (obr. 11).°

Mikulg&ice jako mocenské centrum zanikly spole¢né s Velkou Moravou
na pocatku 10. stoleti. Aglomerace byla takto uSetfena pozdéjSich
vyrazngjSich prestaveb a zachovala se ve své autentické, pouze archeo-
logizované podobé z konce 9. stoleti. To znamen4, Ze se vyhnula vyvoji,
kterym se ubirala fada evropskych metropoli nebo panovnickych
rezidenci raného stfedovéku, kdyz byla v prabéhu dal$iho tisicileti
kontinualné obyvana a intenzivné prestavovana. Autenticita zachovani
mikulCické aglomerace nabizi jedine¢nou pfilezitost detailné studovat
a prezentovat rlizné aspekty Zivota predniho mocenského centra rané
stfedovékého politického Utvaru.?°

Diky rozsahlému a systematickému archeologickému vyzkumu, ktery na
misté probiha od 50. let 20. stoleti, je mozné podrobné studovat nejen
stavebni vyvoj hradu, ale i socialni a ekonomickou strukturu sidelniho
komplexu jako celku. Bylo ziskdno mnozstvi cenného pramenného
materialu, ktery nam umoznuje rekonstruovat pestry obraz hmotné
kultury Velké Moravy v 9. stoleti. Mezi tyto podklady patfi na prvnim
misté soubor paméatek cirkevni a profanni architektury. Po&etné, bohaté
vybavené nekropole nabizeji jedineény material nejen pro studium
elitni kultury velkomoravskych Mikul€ic, ale i pro poznéani zivotniho
stylu a identity jejich obyvatel.

18 Polacek 2002; Polacek 2014c; Polacek 2016, 132-141.
19 Polacek 2016, 140-141; Poladek et al. 2020, 139-142; Méfinsky 2011.
20 Polagek et al. 2010b.
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administration of the empire in political, economic and sacral matters.
It is up to archaeology to answer these questions, although even ar-
chaeology cannot give a clear answer. Surely, Mikul&ice was a fortified
site with evidence of the presence of all basic central functions. There
is vast archaeological evidence of other exceptional, qualities - inten-
sive settlement and, importantly, a remarkable concentration of power,
wealth and Christianity (Fig. 9). These qualities were unparalleled in
any other 9th-century central place in Moravia, except perhaps the
agglomeration in Staré Mésto — Uherské Hradisté. Both these sites
have been hypothesised to have been the seat of 9th-century Moravian
rulers and the sacral centre of Great Moravia, but this has not been
confirmed for either of them. However, considering the dynamic de-
velopments in the Great Moravian times, these functions might have
migrated between the two centres. Nor can it be ruled out that “ruling
from the saddle”, common in the neighbouring Frankish Empire, was
employed, which meant that the ruler rode around his main seats
and governed his country from there. It cannot be proven that it was
necessarily a single stronghold that had the function of a government
centre as well as a sacral one.®

Basic archaeological records prove the importance of the Mikul&ice
fortified settlement primarily as an early medieval power centre and an
ecclesiastical centre par excellence. The presence of other features,
such as the remarkable intensity of occupation and the regularly built-
up area of the stronghold with hints of urban planning, allows us to
consider Mikul&ice a “proto-city” (Fig. 11).°

The Mikul&ice power centre disappeared together with Great Moravia
in the early 10th century. The agglomeration was thus spared from
major reconstructions and was preserved in its authentic 9th-century
form, only archaeologised. This means that it was spared the develop-
ments seen by many early medieval European metropolises and ruler
residences, which went on to be continuously inhabited over another
millennium. The authentic state in which the Mikul&ice agglomeration
has been preserved gives a unique opportunity to study various as-
pects of life in a prominent power centre of an early medieval polity.2°

Thanks to extensive and systematic archaeological excavations car-
ried out at the site since the 1950s, the construction development of
the stronghold as well as the social and economic structure of the
entire settlement complex can be studied in detail. A large amount
of valuable source material has been obtained, which allows us to
reconstruct a varied picture of the material culture of 9th-century Great
Moravia. The most important of these are architectural monuments,
both sacred and profane. Numerous cemeteries with rich grave goods
provide unique material for the study of the elite culture of the Great
Moravian MikulCice as well as for studying the lifestyle and identity
of their inhabitants.

18 Polacek 2002; Polacek 2014b; Polacek 2018b, 132-144.
19 Polacek 2018b, 142-144; Polacek et al. 2020, 139-142; Méfinsky 2011.
20 Polacek et al. 2010a.
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Legenda | Legend:
opevnéni | fortification

brana | gate

most | bridge

hlavni cesta | main road

pfikop | ditch

palisada, plot | palisade, fence

/)] pohtebists | burial ground

D prozkoumana plocha | excavated area
terénni hrana | terrain boundary

zaniklé fiéni rameno | silted-up river branch

o @ kostel | church
| @ palac | palace
Q @ dievény objekt | wooden feature

<9 @ kovolitecka dilna | fine-metal workshop
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Obr. 11. Hradisté Mikul&ice-Valy s vyzna¢enim hlavnich
prostorovych struktur a nejvyznamné;jsich objektud:

1 - most ¢. 1 pfed SZ branou predhradi, 2 - most ¢. 2
pred zapadni branou akropole, 3 - most ¢. 3 pred SV
branou akropole, 4 — vodni pfikop mezi pfedhradim

a akropoli, 5 - pfikop jizné od 3. kostela, 6 - pfikop
mezi 3. kostelem a paldcem, 7 — palisddové ohrazeni
arealu 3. kostela, 8 - palisady/ploty &lenici prostor

v 8ir§im prostoru palace, 9 - hlavni/patefni cesta.

/ F
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/ Fig. 11. The Mikul@ice-Valy stronghold and

the main spatial structures and important features:

1 - Bridge 1in front of the north-western gate to

the outer bailey, 2 - Bridge 2 in front of the western
gate to the acropolis, 3 - Bridge 3 in front of the north-
eastern gate to the acropolis, 4 — water ditch between
the outer bailey and acropolis, 5 — ditch south of the
Church 3, 6 - ditch between Church 3 and the palace,
7 - palisade bordering the area around Church 3,

8 - palisades/fences dividing the space in the wider
palace area, 9 - main road.
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DOKUMENTACE A VIZUALIZACE
V MIKULCICiCH

1.3.1
Struc¢ny prehled dokumentacnich metod a postupt
v Mikul&icich 1954-2022

Dokumentace a vizualizace jsou zcela nezbytnou soucasti kazdého
archeologického vyzkumu, a to v celé jeho §ifi zahrnujici jak terénni
Gast, tak celkové zpracovani i SirSi teoretické badani. Tyka se to také
servisnich a pfesahovych oblasti vyzkumu, zejména ¢innosti spojenych
s uloZzenim a konzervatorsko-restauratorskym o$etfenim nalez( nebo
popularizaci vysledk( vyzkumu. V pfipadé Mikul¢ic a predkladaného
katalogu mGzeme hovorit o dvou slozkdch dokumentace: terénni do-
kumentaci a dokumentaci (movitych) nalezu. Z hlediska technického
provedeni se jedna o dokumentaci slovni (textovou), méfickou (geode-
tickou), kresebnou, fotografickou a filmovou (video). Z hlediska pouzité
technologie zpracovani zaznamu jde jednak o analogovou, jednak
o digitalni dokumentaci. Pfechod mezi obéma technologiemi zname-
nal pro archeologii - stejné jako pro celou spole¢nost — pfelomovou
inovaci. V pfipadé Mikul¢ic spadal po¢atek uziti digitalnich technologii
na rozhrani 80. a 90. let a tykal se postupné v8ech vy$e uvedenych
druhl dokumentace, tj. textového, mérického, kresebného, fotografic-
kého i filmového zaznamu. Nejdfive - je§té na konci 80. let - se zacaly
v Mikulgicich pouzivat prvni digitalni programy v oblasti zpracovani
textl (textovy editor T602) a spravy dat (databazovy systém dBase lll),
kratce nato — od pocatku 90. let — byl zahajen proces systematické
digitalizace/vektorizace mikuléickych plant (AutoCAD), o deset let
pozdéji nastoupila éra digitalni fotografické dokumentace (digitalni
videozdznam byl pouzivan v Mikul&icich az pfi reviznich vyzkumech
kostell v letech 2008-2013 a poté pfi letecké dokumentaci hradisté).
Dalsi zasadni inovaci byla aplikace geografickych informacnich systém(
GIS propojujicich prostorova data s rela¢nimi databazemi a dal$imi druhy
dokumentace (ArcView, ArcGIS). Od roku 2005 se k zamérovani terén-
niho vyzkumu v Mikul€icich zaala pouzivat totalni stanice, nedlouho
poté zobecnéla pfi vytvareni fotopland terénnich nalezovych situaci
aplikace jednosnimkové fotogrammetrie, doplnéna zahy o vicesnimko-
vou fotogrammetrii. Po¢inaje rokem 2010 se v ramci projektu revizniho
vyzkumu zdénych staveb v Mikul&icich (ve spolupraci s firmou Geo-cz)
standardné pouziva vicesnimkova fotogrammetrie, kterd doznala
nasledné dalSiho rozvoje v ramci projektu Virtualni védecky model
velkomoravskych MikulGic (VWMVM; 2018-2022). Jednim z cilli projektu
bylo zdokonaleni metodiky fotogrammetrie a tvorby 3D model(, a to
pfi dokumentaci jak terénnich kontextd, tak movitych nalez( (viz kata-
logovou ¢ast této publikace). Byl zahajen program fotogrammetrické
dokumentace vybranych exemplara mikuléického nalezového fondu
a vznikaly prvni vérné digitalni kopie artefaktd. Z hlediska dalkového
prizkumu lokality se v poslednim desetileti vyrazné uplatnily LIDAR
a multispektralni snimkovani terénu.

DOCUMENTATION AND VISUALISATION
IN MIKULCICE

.31
A brief overview of documentation methods

and processes used in MikulSice
between 1954 and 2022

Documentation and visualisation are essential parts of archaeological
research, from excavations through the processing of finds to broad
theoretical research. This also applies to service and overlapping
activities, particularly those related to the storage, conservation and
restoration of finds and the popularisation of research results. In the
case of Mikul&ice and this catalogue, this concerns two documenta-
tion components: field documentation and documentation of portable
finds. Technically, this is written, survey, drawing, photographic and
video documentation. As for the technology of processing used, this
is analogue and digital documentation. The transition from the former
to the latter was a game-changing innovation in archaeology - as it
was for the entire society. In Mikul€ice, the use of digital technolo-
gies began at the turn of the 1980s and 1990s and gradually replaced
the above types of documentation - texts, survey reports, drawings,
photographs and video. It all started in the late 1980s. The Text602
word processor and the dBase |ll database system were introduced
in Mikul¢ice. Shortly after, at the beginning of the 1990s - the process
of systematic digitisation/vectorisation of the Mikulcice plans with
the use of AutoCAD started. Ten years later, the era of digital photo-
graphic documentation began. Digital video was used in MikulCice
as late as 2008-2013 during the revision excavation of the churches
and then for the aerial documentation of the stronghold. Another
major innovation was the application of geographic information
systems (GIS), which link spatial data to relational databases and
other types of documentation (ArcView, ArcGIS). Since 2005, a total
station has been used to survey the Mikul&ice excavations. Single-
image photogrammetry became the method to go to when creating
photo plans of contexts and was soon complemented by multi-image
photogrammetry. In 2010, multi-image photogrammetry became a
standard part of the revision excavations of the masonry buildings
in Mikul€ice, which was subsequently further developed during the
preparation of the project Virtual Scientific Model of the Great Mora-
vian Mikul¢ice (VVMVM, 2018-2022). One of the aims of this project
was to improve photogrammetric methodology and 3D modelling to
document excavation contexts and portable finds (see the catalogue
in this book). A programme for the photogrammetric documentation
of selected finds from the Mikul&ice archaeological collection was
launched and the first true digital copies of the artefacts were made.
As for remote sensing, LIDAR and multispectral landscape imaging
of the site have been widely used over the past decade.




Hradisté MikulCice-Valy predstavuje se svymi témér sedmdeséti vyzkum-
nymi sezonami idedlni lokalitu pro demonstrovani vyvoje metodickych
postupli a dokumentaénich technik v archeologii; zahrnuje totiz ob-
dobi od 50. let dvacatého stoleti po dneSek. Mementem pfi planovani
a realizaci sou¢asné dokumentace v Mikul€icich jsou nasledky pozaru
Lstaré” zadkladny mikul€ického detaSovaného pracovisté ARUB Vv roce
2007. Tehdy doslo ke ztraté zna¢né ¢asti originalni dokumentace a na-
lezového fondu. Tato traumatizujici zkuSenost byla jednou z motivaci
k zaméru komplexni digitalizace staré planové dokumentace a pfipravy
presnych digitalnich kopii vyjimecnych historickych artefaktl v rdmci
projektu VVMVM.

[.3.2
Terénni dokumentace

V oblasti terénniho vyzkumu maji dokumentace a vizualizace své neza-
stupitelné misto. Dlvod je prosty a souvisi se skuteénosti, Ze archeolo-
gicky terénni vyzkum je ve své podstaté neopakovatelny a destruktivni
proces, tj. pfi jeho aplikaci dochazi k nenavratné destrukci nalezovych
situaci. Co nejvérné;si a nejtrvalejsi zachyceni téchto situaci je vzajmu
védeckého poznani, péce o kulturné-historické dédictvi i popularizace
vysledkl vyzkumu.

Pod dokumentaci terénniho archeologického vyzkumu se skryva nékolik
svébytnych postupd, z nichz kazdy mé svou specifickou a jedine¢nou
vypovédni hodnotu provéfovanou v archeologické praxi jiz po nékolik
desetileti. Jedna se o méfickou (geodetickou), textovou, kresebnou
a fotografickou dokumentaci.

»Klasicka“ podoba dokumentace terénniho vyzkumu v Mikul&icich
se poji s témér Ctyfi desitky let trvajicim obdobim velkoplo$nych od-
kryvl (etapa I: 1954-1992).2 Jejim zakladem jsou zaznamy vazané na
jednotlivé vyzkumné étverce méfické sité 5 x 5 metrd, ulozené v ar-
chivu podle jednotlivych zkoumanych ploch.? Kresebna dokumentace
Gtverce byla pofizovana v méfitku 1: 20, a to vesme&s pro vice urovni
(obr. 12-17). Doplnéna byla fotografickou dokumentaci a verbalnim
popisem véetné soupisu nalezl registrovanych ve Gtverci (obr. 18).
Nechybéla ani graficka dokumentace profil(l, vesmé&s v mé&fitku 1 : 20.
Plany ¢tvercl a kresby profild obsahovaly také informace o absolutni
vySce. Sesazenim jednotlivych plana ¢tvercl vznikaly prehledové
plany zkoumanych ploch 1: 50. Ty se staly podkladem pro pfipravu
zjednoduseného celkového planu vyzkumu 1: 200 (obr. 19, 20).* Zdéné
stavby byly navic zamérovany samostatné (obr. 21).5

V priibéhu dosavadniho archeologického zkoumani lokality MikulCice-
-Valy byly pouzity snad vSechny myslitelné postupy mapovani. Od

1 Napft. Sokol et al. 2017.

2 Polacek, Marek 1995, 23-40; Polacek, Marek 2005, 17-24.

3 Systematicky pravodce ,zkoumanymi plochami“ etapy vyzkumu 1954-1992 viz Polagek,
Marek 2005; nejaktudlné&jsi seznam v8ech zkoumanych ploch do roku 2020 viz Polac¢ek et al.
2021a, zadni obalka knihy.

4 Polacek, Marek 1995, 25, Abb. 4.

5  Polac¢ek 2018a, 26, obr. 18.
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With seven decades of excavations, the Mikul€ice-Valy stronghold is
an ideal site to demonstrate the development of archaeological meth-
odology and documentation from the 1950s to the present day. When
planning and creating documentation today, there is still the memento
of the 2007 fire at the base of ARUB's on-site workplace in Mikul€ice,
which led to the loss of a significant part of the original documenta-
tion and finds. This traumatic experience is behind the motivation to
make complex digitisation of the early plans and exact digital copies
of the exceptional historical artefacts as part of the VVMVM project.

[.3.2
Field documentation

In fieldwork, documentation and visualisation are irreplaceable. The
reason is simple. Archaeological excavations are an unrepeatable and
destructive process by definition —they cause irreversible destruction
to the archaeological contexts. Thus, capturing such contexts in the
most exact and permanent form possible is in the interest of science,
heritage and popularisation.

The documentation of archaeological excavations is a term that en-
compasses several processes, each of which has brought a different
kind of value to archaeological work for several decades. This includes
survey, text, drawing and photographic documentation.’

The “traditional” form of documentation at the MikulGice site is con-
nected with the four decades of large-scale excavations (phase | took
place between 1954 and 1992).2 This constitutes records that are linked
with the 5 x 5 metres square units that are part of a grid system. They
are deposited in the archive based on the excavated areas they pertain
to.2 They were 1: 20 drawings of the square units, often depicting mul-
tiple levels (Fig. 12-17). These were supplemented by photographic
documentation and verbal description, including an inventory of
finds registered in the square unit (Fig. 18). Graphic documentation
of the profiles made mostly in the 1: 20 scale was also included. The
square plans and profile drawings also contained information about
absolute altitude. It was possible to create 7 : 50 overview plans of
the excavated areas by putting together the square units’ plans.
In turn, these served as a basis for making simplified 7 : 200 overall
excavation plan (Fig. 19, 20).* Moreover, masonry structures were
mapped individually (Fig. 21).°5

In the course of the archaeological research into the Mikul&ice-Valy
site, perhaps all conceivable methods of mapping have been used:
from simple orthogonal measurement and drawing documentation
on graph paper, through position intersection mapping, the polar

1 For instance, Sokol et al. 2017.

2 Polacek, Marek 1995, 23-40; Polacek, Marek 2005, 17-24.

3 Systematic guide to the “excavated areas” uncovered between 1954 and 1992, see Polacek,
Marek 2005; for the updated list of all excavated areas by 2020, see Polacek et al. 2021a,
back cover of the book.

4 Polacek, Marek 1995, 25, Abb. 4.

5  Polac¢ek 2018a, 26, Fig. 18.
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Obr. 12. Ukazka standardniho planu vyzkumného
Stverce 5 x 5 metr(i na pohfebisti u 2. kostela v roce
1955 (&tverec A2, IV. horizont). Kresbam hrobu byla

vénovana nejvétsi pozornost v prvnich letech vyzkumu.

Tehdy byly kostry na planech, podobné jako dalsi
dokumentované struktury, zvyrazfiovany technikou
lavirovani. Pro celé obdobi klasické dokumentace
minulého stoleti v Mikul€icich plati, Ze se vybrané
struktury na kresbach ¢tvercl barevné zvyraziiovaly
(napt. malta modfe, propalena mista ¢erveng, dievo
a uhliky ¢erné, kosterni pozUstatky okrové, Zzelezné
hrobové nalezy hnédo-cervené).

e

/ Fig.12. Sample of a standard plan of a 5 x 5 metres
square unit (trench). The excavation of the burial

site at Church 2 in 1955 (trench A2, layer IV). In the
early years of the excavations, most attention was
focused on the drawings of graves. At that time, the
skeletons drawn in the plans were highlighted by

the wash art technique, as were the other structures
documented. In the drawing documentation made in
the 20th century, selected structures in the excavated
square units were colour-coded: blue for mortar, red
for burnt spots, black for wood and charcoal, ochre for
skeletal remains, and brown red for iron grave finds).
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Obr. 13. Ukazka standardniho planu vyzkumného
Stverce 5 x 5 metr( z vyzkumu 2. kostela z roku

1955. Modfre lavirované plochy znazorriuji negativ
zakladového zdiva kostela (severozapadni narozi

lodi kostela; ¢tverec B2, Il. horizont). Okrovou barvou
jsou vyznaceny lidské kosterni pozUstatky. PGvodni
barevné zvyraznéné plany &tverct v Mikuléicich
mame k dispozici jenom v malém poctu pfipadu. Tato
originalni dokumentace podlehla v roce 2007 poZaru
zékladny, proto se vétsina pland vyzkumnych étvercl
dochovala pouze v podobé ¢ernobilé xeroxové kopie
pavodnich pland, dodateéné digitalizované.
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/ Fig.13. Sample of a standard plan of a 5 x 5 metres
square unit. The 1955 excavation of a burial site at
Church 2. The areas in blue wash represent the
negative of the foundation masonry of a church
(north-western corner of the church nave; trench B2,

layer I1). Human skeletal remains are marked in ochre.

Only very few of the original colour-coded plans of
the square units have been preserved in Mikul&ice.
As the original documentation was destroyed during
the 2007 fire at the base, most plans of the square
units have only been preserved in the form of black
and white photocopies of the original plans, which
were later digitised.

jednoduchého méreni ortogonalni metodou a kresebnou dokumentaci
na milimetrovy papir, mapovani metodou protinani vpred, polarni me-
todou méfeni za pouziti teodolitu a pAsma i totalni stanice, jednosnim-
kova fotogrammetrie, vicesnimkova fotogrammetrie az po 3D laserové
skenovani a uréovani polohy bodd metodou GNSS (globalni navigacni
satelitni systémy).

Prvni vySkopisné zaméreni lokality proved! v roce 1959 J. HoleSovsky
(vrstevnicovy plén Holesovsky 1: 500, 2 listy; obr. 22). Profesionalnim
zamé&fenim celé lokality byl povéren Ustav geodesie a kartografie;
vysledkem byl zékladni vrstevnicovy plan 1:1 000 z let 1961 a 1964
(18 listll, méfitko 1:1 000; obr. 19, 23) ukotveny v soufadnicovém sys-
tému Krovak a vySkopisném systému Balt po vyrovnani.t

V ramci projektu VVMVM byly porovnany v§echny v Mikul€icich bézné
i méné Casto pouzivané metody méfické dokumentace.” K tomu
poslouzil jak rozsahly archiv vyzkumu, tak pfedevSim velmi dobfe
zdokumentované revizni vyzkumy z posledni doby (viz katalog 11.2-11.3).
Dalezity z hlediska testovani riiznych metod mapovani byl zachranny
archeologicky vyzkum opevnéni predhradiv roce 2018 (viz katalog 11.2).8
Pfi realizaci tohoto vyzkumu byly zamérné aplikovany v8echny vyse
uvedené metody mapovani i jejich kombinace. Timto zpisobem byl
ziskan vzorek vystupll pro exaktni porovnani mérickych metod. Viysledek
byl publikovan jako optimalni metodika terénniho vyzkumu slozitych
stratigrafickych situaci raného stfedovéku.®

Podobné byla v ramci projektu VVVMVM definovana obecna pravidla
pro fotogrammetrickou dokumentaci nemovitych i movitych objekta.
P¥i dodrzeni nékolika zakladnich fotografickych, geometrickych a orga-
nizaénich pravidel je mozné takto ziskané snimky pouzit pro nasledné
metrické analyzy a 3D modelaci nasnimanych objektd. Diky spravné
pofizené fotografické terénni dokumentaci je v postprocesnim zpraco-
vani dat mozné digitalné rekonstruovat celé zaniklé nalezové situace,
zkoumané dnes nebo v minulosti.”®

Diky pouziti jednotného soufadnicového a vySkového systému po celou
dobu vyzkumu bylo mozné v rdmci projektu VVMVV sesadit mikul€ickou
planovou dokumentaci do jednotné ucelové digitalni mapy lokality
v prostiedi CAD a GIS (obr. 24)." Sesazovani do jednotného planu pro-
bihalo pomérné rychle, uréité problémy nastaly aZ pfi kontrole detail(l
v mistech dotyku jednotlivych ploch zkoumanych v riznych ¢asovych
obdobich. Problémy se tykaly napojeni zkoumanych ploch vyzkumu
na styku dvou &tvercovych siti akropole - ,starého” a ,nového" &tver-
cového systému v 8ir§im prostoru 2. a 3. kostela (obr. 25).2 Kontrolni
zaméfeni bodd ,nového obecného &tvercového systému“ v terénu,®

6 Polacek, Marek 1995, 20, Abb. 4.

7 Sindelar et al. 2020, 41-48.

8 Hladik, Mazuch, Polacek 2019.

9  Sindeléf et al. 2020.

10 Viz specialni metodickou studii: Sindelat, Polagek, Krupickova 2019.

1 Mapa poslouzila jako podklad pro webovou aplikaci VVMVM (www.mikulcice-valy.cz) a jeji

tiStény doplnék - atlas Mikul¢ice 900 (Polagek et al. 2021a).

12 Sindelar et al. 2020, 41-43.

13 Diky tomu, Ze zakladni body &tvercovych siti v rozestupu 50 metrud jsou dodnes v terénu
signalizovany zeleznou trubkou fixovanou betonem, bylo mozné v rdmci projektu VVMVM
ovefit pfesnost usazeni mikulickych méfickych siti.

measurement method using theodolites, tape lines and total sta-
tions, single-image photogrammetry, multi-image photogrammetry, to
3D laser scanning and positioning of points using the GNSS (Global
Navigation Satellite Systems) method.

The first elevation surveying of the site was carried out in 1959 by
J. HoleSovsky (Holesovsky's 1 : 500 contour plan, 2 sheets; Fig. 22).
The Research Institute of Geodesy and Cartography was contracted
to carry out professional surveying of the site; the result was the basic
11000 contour plan from 1961 to 1964 (18 sheets, scale 1 : 1000;
Fig. 19, 23), which is based on the Kfovak coordinate system, with
the Balt elevation system used for equalisation.®

The VWMVM project compared all methods of survey documentation
used in Mikul&ice, both common and less common ones.” This was ena-
bled by the extensive research archive and the superbly documented
recent revision excavations (see catalogue I1.2-11.3). The 2018 revision
excavations of the fortification of the outer bailey were important for
testing the various mapping methods (see catalogue 11.2).2 All of the
above survey methods and combinations were purposefully applied
during them. Thus, output samples were obtained for a scientific
comparison of the survey methods. The result was published as the
optimum methodology for the excavations of complex early medieval
stratigraphic situations.®

Similarly, the VWMVM project defined the general rules for the pho-
togrammetric documentation of both non-portable and portable
finds. By adhering to the basic rules of photography, geometry and
organisation, the acquired images can be used for follow-up metric
analyses and 3D modelling of the imaged objects. With the correct
photographic field documentation, a digital reconstruction of entire
defunct contexts, whether excavated now or in the past, is possible
as part of post-processing.'®

By using a uniform coordinate and elevation system throughout the
VVMVM project, it was possible to convert the Mikul€ice plansinto a
digital special-purpose map in CAD and GIS (Fig. 24)."" Connecting
the maps into a single plan was relatively fast, but problems occurred
in the places where the maps of the areas excavated in different times
intersected. These problems were detected at the connection of the
“old"” and the “new” square grid system depicting the wider area of
Churches 2 and 3 at the acropolis (Fig. 25).'2 A revision excavation
of the “new general square grid system” in the field,'® a digital re-
construction of the entire grid and its subsequent comparison with
the historical plans showed that the historical 50 x 50 metres grid of

6 Polacek, Marek 1995, 20, Abb. 4.

7 Sindelar et al. 2020, 41-48.

8 Hladik, Mazuch, Polacek 2019.

9  SindelaF et al. 2020.

10  Referring to the specialised methodological study: Sindela¥, Polagek, Krupidkova 2019.

11 The map was used as source material for the VVMVM web application (www.mikulcice-valy.cz)

and its printed supplement - the atlas Mikul¢ice 900 (Polaéek et al. 2021a).

12 SindeléF et al. 2020, 41-43.

13 The VVMVM project was able to revise the precision of the Mikul&ice excavation grids due
to the fact that the basic points of the 50 x 50 metres square grid were staked out with iron
tubes cast in concrete, which are still there.
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Obr. 14. Ukazka standardniho planu vyzkumného
Stverce 5 x 5 metrli v podobé ¢ernobilé xeroxové
kopie pavodni kolorované kresby. V této podobé&

se zachovala vét8ina plan( &tverct méfické sité

v Mikulgéicich (po shofeni originalni dokumentace

v roce 2007). Plan znazoriuje situaci v misté apsidy
4. kostela (tverec 30/-7).

/ Fig.14. A standard plan of a 5 x 5 metres square
unit in the form of a black and white photocopy of
the original coloured drawing. Most of the plans

of the square units that formed the Mikul&ice grid
system were preserved in this form after the original
documentation was destroyed in 2007. This is a plan
of the apse of Church 4 (trench 30/-7).
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Obr. 15. Ukazka standardniho planu vyzkumného
Stverce 5 x 5 metr v podobé &ernobilé xeroxové
kopie ptvodni kolorované kresby (v této podobé

se zachovala vét§ina plana tvercd méfické sité

v Mikul¢icich po shofeni originalni dokumentace

v roce 2007). Plan znézorfiuje situaci v misté
zahloubenych objektl pfiléhajicich ze severozapadni
strany k hlavni/patefni cesté hradisté; cesta byla od
sidli§té oddélena fadou kald, patrnou v jihovychodni
Gasti Ctverce (plocha Z 1968-1, Ctverec 26/-8).

/ Fig.15. A standard plan of a 5 x 5 metres square
unit in the form of a black and white photocopy of
the original coloured drawing. Most of the plans

of the square units that formed the Mikul&ice grid
system were preserved in this form after the original
documentation was destroyed in 2007. This plan
shows the context of subsurface features adjacent
in the north-west to the main/backbone road leading
to the stronghold; the road was separated from the
settlement by a row of stakes, which can be seen

in the southeast of the square unit (excavation area
Z1968-I, trench 26/-8).
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Obr. 16. Ukazka standardniho planu vyzkumného
Stverce 5 x 5 metrli v podobé ¢ernobilé xeroxové
kopie pvodni kolorované kresby (v této podobé&
se zachovala vét8ina plan( &tverct méfické sité
v Mikul&icich po shofeni originalni dokumentace
v roce 2007). Plan znazoriiuje situaci v prostoru
kameny vyplnénych roubenych komor bariéry
postavené na dné fecisté pfi severnim vyusténi
pfikopu mezi akropoli a pfedhradim (,koryto ¢&. 2,
plocha K 1972-75, &tverec -17/-13).
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/ Fig.16. A standard plan of a 5 x 5 metres square
unit in the form of a black and white photocopy of
the original coloured drawing. Most of the plans

of the square units that formed the Mikul¢ice grid
system were preserved in this form after the original
documentation was destroyed in 2007. The plan shows
a context with the stone-filled timbered chambers
of a barrier built on the bottom of the riverbed at the
northern mouth of the ditch between the acropolis
and the outer bailey (“Channel 2", excavation area

K 1972-75, trench -17/-13).

Obr. 17. Ukazka standardniho planu vyzkumného
Stverce 5 x 5 metrl v podobé& ernobilé xeroxové
kopie puvodni kolorované kresby (v této podobé

se zachovala vétsina plant &tverct méficke sité

v Mikul&icich po shofeni originalni dokumentace

v roce 2007). Plan znazorfiuje situaci v misté
povrchové zastavby v severnim cipu predhradi
(plocha P 1973, ¢tverec -D/-22). Dochovani
nadzemni stavby v podobé zuhelnatélého dfevéného
zakladového vénce roubené konstrukce domu, jak je
patrné u objektu 845, je v Mikul&icich ojedinélé.

/ Fig. 17. A standard plan of a 5 x 5 metres square

unit in the form of a black and white photocopy of

the original colour drawing. Most of the plans of

the square units that formed the Mikul&ice grid
system were preserved in this form after the original
documentation was destroyed in 2007. The plan
shows the context of the above-ground buildings on
the northern edge of the outer bailey (excavation area
P 1973, trench -D/-22). It is unique in Mikul&ice to see a
preserved above-ground building, here in the form of a
charred wooden foundation ring of what used to be a
log house (feature 845).

47



digitalni rekonstrukce celé vyty€ovaci sité a ndsledné porovnani's his-
torickymi plany ukéazaly, Ze historicka sit pevnych bod( 50 x 50 metr(
byla vyty&ena v terénu bezchybné a drzi si vysokou presnost v systému
JTSK, a to v celé ploSe akropole, v prostoru zkoumanych fi¢nich koryt
u 2. a 6. kostela i v ¢asti podhradi (severni podhradi a Kostelisko). To
stejné plati o ,obecném systému predhradi. Pfesnost vyty¢eni bodu
v siti 50 x 50 metr( se pohybuje v fadech jednotek centimetru a jejich
chyba ur€eni do soufadnicového systému JTSK neprekraduje nikde
30 centimetrl. Uréity nesoulad byl v rdmci revize ¢tvercovych siti
pozorovan mezi plochami zkoumanymi v 50. letech v prostoru mezi 2.
a 3. kostelem na akropoli (obr. 26)." Problém spodiva pravdépodobné
v chybném zaméreni ,starého obecného &tvercového systému®, zavede-
ného na Uplném pocatku vyzkumu a nahrazeného v roce 1958 ,novym
obecnym &tvercovym systémem?®. Protoze stary systém nema zadné
fixované body v terénu, nebylo mozné ovérit jeho spravnost a provést
pripadnou korekci. Naprava tohoto nedostatku zlstava ukolem pro
dal&i vyzkum.

~Nova“ podoba dokumentace terénniho vyzkumu v Mikul&icich je
uréovana sice pfevahou digitalnich technologii a aplikaci fotogramme-
trickych a dalSich modernich metod (viz nasledujici katalogovy oddil
publikace), presto zlstavaji v platnosti ,trvalé“ zasady vérné a kvalitni
archeologické dokumentace. Jednou z nich je pozadavek na existenci
»prvotni dokumentace” pofizené pfimo pfi vyzkumu v terénu. Jejim
cilem je zdokumentovat postup prace v priibéhu vyzkumu, stejné jako
popsat detaily ndlezové situace. VesSkeré poznatky, které archeolog
nebo dokumentator takto zapiSe do deniku v dobé vyzkumu, jsou na-
prosto nezastupitelnym zdrojem informaci. NemUze je nahradit Zzadna
sofistikovanad metodika ani moderni technika — na zadné fotografii,
na zadném videozdznamu neni nikdy zachovano vse. A pfi detailnim
zpracovani vyzkumu, ke kterému dochazi vzdy s urcitou prodlevou po
jeho ukongéeni, si autor vyzkumu pamatuje jiz jen zlomek informaci,
které pfi pohledu do vykopané sondy povazoval za samoziejmost.

Dalsi ,trvalou” zasadou kvalitni dokumentace je kontrola méfickych
postupul. Proti oéekavani nemusi pouziti nejmodernéjsich pfistrojl
a technologii znamenat automaticky nejkvalitngjsi vystupy. Ukazuje
se totiz, Ze tyto pristroje (laserové skenery, totalni stanice, dalkoméry,
tzv. fotoskenery apod.) a jim odpovidajici metody jsou na peclivost
prace, pochopeni teoretickych zakladli geometrie a kontrolu prace
takové techniky vznika, je pak zpravidla Spatné dohledatelna a mnohdy
neopravitelna. Problémdm Ize ptedejit organizaéné spravné nastave-
nymi kontrolnimi mechanismy, spravnou volbou vystup( a ovliadanim
pfistroju dobfe proskolenou obsluhou. V praxi neni relné, aby kazda
védecko-vyzkumné organizace méla specializované dokumentaéni
oddéleni, zakladem je ale definovat méfické postupy ve vnitfni smérnici
pro geodetickou dokumentaci.®

14 Sindelaf et al. 2020, 41-43.
15 Sindelaf et al. 2020, 48-49.
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points was flawlessly staked out and that it is highly precise in the
unified trigonometric cadastral grid (JTSK) system across the area of
the acropolis, in the riverbeds near Churches 2 and 6 and part of the
suburbium (northern suburbium and Kostelisko). The same applies to
the “suburbium general system”. The points in the 50 x 50 metres grid
were staked out to centimetre precision and the error of determination
within the JTSK coordinate system never exceeded 30 centimetres.
The revision of the square grid systems showed certain inconsisten-
cies in the areas excavated in the 1950s between Churches 2 and 3
at the acropolis (Fig. 26)."* The problem is probably a flawed staking
out of the “old general square grid system” introduced at the very be-
ginning of the excavations and replaced in 1958 by the “new general
square grid system”. Since the old system had no fixed points in the
field, it was not possible to verify its accuracy and make corrections.
The correction of this shortcoming is a challenge for further research.

The “new” form of excavation documentation in Mikul€ice is dictated
by the prevalence of digital technologies and the application of pho-
togrammetry and other modern methods (see the following section
of the catalogue); however, the “good old” principles of exact and
high-quality archaeological documentation remain valid. One such
principle is the requirement for the existence of “initial documentation”
obtained directly in the field. It aims to document the work process in
the course of the excavations and to describe context details. All the
findings written in the log by archaeologists or the documentalist during
excavations are irreplaceable sources of information. They cannot be
replaced by sophisticated methodology or modern technology — even
photos or video footage never convey everything. In addition, when
processing their excavations — which always take place some time after
they have finished - the researcher only remembers a fragment of the
information that they took for granted when looking into the trenches.

Another “lasting” principle of quality documentation is the control of
survey procedures. Contrary to expectation, the use of state-of-the-art
devices and technologies does not necessarily mean the highest qual-
ity output possible. It turns out that such instruments (laser scanners,
total stations, rangefinders, scanners) and the related methods are
much more demanding than the traditional ones: for meticulousness,
the understanding of basic geometry as well as job control. Any error
that occurs when such technology is used is usually difficult to find and
often beyond repair. Problems can be prevented by correctly setting
the control mechanisms and outputs and by appointing well-trained
operators to operate the instruments. In practice, it is not realistic for
each and every scientific research organisation to have a specialised
documentation department, however, a key task is to define the survey
procedures in an internal directive for survey documentation.'®

By way of conclusion, we should point out that the journey of archae-
ological documentation does not end with the archiving of the exca-
vation report. Equally important is what we call data backup. We can

14 Sindelaf et al. 2020, 41-43.
15 SindelaF et al. 2020, 48-49.

Obr. 18. Ukazka vypisu nalezu jako standardni
soucéasti dokumentace kazdého vyzkumného &tverce
v dobé velkoplognych odkryvi 1. etapy mikul&ického

vyzkumu. Tabulka obsahuje sloupce: inventarni &islo, 26/-6
prfedmét, hloubku v centimetrech, nalezové okolnosti | |
a nalezové &islo. Inv.81¢ hloubka |Poznémia
594 PPedmeEHT - Féalezove okelnosati |.-"n.-51.251$.,'
/ Fig. 18. A list of finds was a standard part of the —
documentation for each square unit at the time of the
large-scale excavations in Mikul&ice in the first stage. | stFepy 100 |nad propedencu podlehou
The table contains the following columns: inventory | v jiZni kdsti Etverce Z 1722/69
number, artefact, depth in centimetres, context | mazanice 90 |tm. hlinitd s uhliky
and find number. v severnf poloving Ztv.| Z 1728/869
atiepy 20 |tm. hlinitd & uhliky,
v severni polovin® #tv.| 2 1T729/69
zv. kosti 90 Z 1735/69
|kost. sidlo 110 'v zdaypu obj.v jifnf
| I-E'i:"t".\ Etverce (tm.
| |hlinité vf_:ﬂﬁ s
__ [snozstvim uhlikd) Z 1753/69
|kost. #idlo 110 |v zdsypu objektu v jiZng
| #4ati &tverce (tmavd i
hlinitd vipln |
& mnoZstvim uhlikd) Z 1754/69
kost. jehla 110 |v zdsypu objektu v I
JjiZni #d4sti étverce
(tmavd hlinitd vipln
& mpostvim ohlikd) |2 1755/69
ost., #1410 125 |v tm. v¥plni & uhliky,
obj. 749, v sev. polo- |
| vin# Etverca Z 1757/69
i'::cst. 5idlo 125 |v tmavé viplni s uhliky,|
[ abi. 743, v severni |
| poloving ftverce | 2 1758/69
|2el.strusks se | 150 |v tm. hlinitém zdsypu
stPepem la uhliky, obj. Td49 Z 1760769
el uak 50 |v zdaypu a uhliky,
obj. 749 Z 1761769
stiepy 150 Iv tm. hlinitém zdsypu
5 uhliky £ 1771769
Iprezke l 100 |fernd uhlikovitd na
JjiZnim svshu Jjémy,
5J5-180, VEZD-230 7 1888/69
=t fepy 90 |lpromiseny pisek pod
ipfskovymi dpravami
E SV ¥dsti Ztverce Z 1906/69
|
1

Zavérem této Casti kapitoly je potieba zdUlraznit, Ze zalezitosti kolem
dokumentace védeckého vyzkumu nekon¢i ulozenim nalezové zpravy
do archivu. Stejné dulezita je i otazka zalohovani informaci. Nikdy
neni mozné eliminovat v8echny nebezpecéné okolnosti, k nimz muize
dojit, ale vhodnou formou nastaveni pravidel archivace a zalohovani
muzeme jejich negativni dopady snizit na minimum. To se tyka vSech
technickych ¢asti dokumentace, ale také samotnych artefaktd.

never eliminate all risky circumstances that might occur although
negative effects can be minimised by implementing adequate archiv-
ing and backup processes. This applies to all technical parts of the
documentation and also to artefacts.
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Obr. 19. Klad listG zakladniho vrstevnicového planu
1:1000 (12-2,13-1, ...; viz také obr. 23) a celkového
planu vyzkumu 1: 200 (XXII, XXIII, ...).

/ Fig.19. Sheets of the basic contour plan, 1: 1000

(12-2,13-1, ...; see also Fig. 23) and the overall
excavation plan, 1: 200 (XXII, XXIII, ...).
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Obr. 20. Ukazka jednoho z listli celkového planu
vyzkumu 1: 200. List XIl dokumentuje prozkoumané
plochy v zadpadni ¢asti predhradi, vychodni ¢asti
akropole a v pfikopu mezi nimi.

/ Fig. 20. A sheet from the overall excavation plan,
1:200. Sheet XIl documents the excavated areas in
the western part of the outer bailey, the eastern part
of the acropolis and in the ditch between them.

=)

B

1273
N
AW \§\\\s\\§

R
SRR
SRR

XK
RIS

:i.

SR

X

%

51



POOROBNY SITUACW PLAN RUSTELA 1Al

F TR BT

FELKOMORASKERD  MRADISTNIND ATPLERY & MWULCIE

nAn 1%

e e e
ARnZiFASARARRA IAE AR

= a
]

I-l__ - |

P

Ry s . fiaF g, o

Obr. 21. Situaéni plan 2. kostela. Podobnym geodeticky
zamérenym planem disponuji vS§echny do roku 1962
odkryté kostely v Mikul&icich. V pfipadé 2. kostela je
dispozice sakralni stavby doplnéna o padorys pavilonu,
ktery byl nad kostelem vybudovan v letech 1958-1959.

Obr. 22. Prvni vySkopisné zaméreni lokality,

/ Fig. 21. Plan of Church 2. Before 1962, similar oznacované jako vrstevnicovy plén HoleSovsky 1: 600.
surveying plans were made for all the churches Vyobrazeny plan se sklada ze dvou neoznagenych
excavated in Mikul&ice. The layout of Church 2 was listd. Byl vyhotoven geodetem Archeologického Ustavu
amended with a ground plan of the pavilion, which FrantiS8kem HoleSovskym v letech 1956-1957. Interval
was built above it between 1958 and 1959. vrstevnic je 20 centimetrd.
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/ Fig. 22. The first topographic survey of the site,
referred to as the HoleSovsky contour plan 1:500.
The plan consists of two unmarked sheets and was
made by a surveyor of the Institute of Archeology,
FrantiSek HoleSovsky, in 1956-1957. The interval
between the contour lines is 20 centimetres.

544 MIKULEICE-VALY
g MER. 1:500
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Obr. 23. Profesionalné zaméreny zdkladni vrstevnicovy
plan1:1000 z roku 1961, doplnény 1964. Interval
vrstevnic je 25 centimetrd.

/ Fig. 23. Professionally surveyed Basic contour plan
1:1000 from 1961, supplemented in 1964. The interval
between the contour lines is 25 centimetres.

Obr. 24, Digitalizovany vySkopisny plan, pouzity jako
jeden z podkladu pfi sestavovani jednotné ucelové
digitalni mapy lokality v prostfedi CAD a GIS.

/ Fig. 24. A digitised elevation plan, which was used
as source material when the unified digital map of
the site was created in CAD and GIS.

0 300 m
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Obr. 25. Schéma &tvercovych systému pouzitych
dosud pfi zaméreni a vyzkumu v Mikul&icich. S - stary
obecny &tvercovy systém, N - novy obecny &tvercovy
systém, P - obecny systém predhradi, L — lokaln{
Stvercové systémy.
Obr. 26. Sirsi prostor 3. kostela (baziliky) na akropoli / Fig. 26. Wider area of Church 3 (basilica) in the

/ Fig. 25. Square grid system that has been used na jednotné digitalni mapé hradis§té MikulCice-Valy acropolis on a unified digital map of the Mikul¢ice-
for surveying and excavations in Mikulgice. S - old v prostiedi GIS s vyznaéenim nesouladu ve vyneseni Valy stronghold created in GIS, with a discrepancy
general square system, N - new general square grid objektl na styku ploch Ill. kostel 1956-57 a Z 1957-59 in the plotting on the interface of excavation areas
system, P — general system of the outer bailey, L - local (Gervené zvyraznéné objekty). of Church 31956-57 and Z 1957-59 (features

square grid systems. highlighted in red).
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[.3.3
Dokumentace nalezl

»Tradi¢ni* zpUsob evidence a dokumentace nalezd v Mikulcicich byl
platny po celou dobu velkoplo§nych odkryv(i 1954-1992. Pracovni postup
zacinal rozélen&nim kazdého nalezového souboru do podsoubort podle
materialu (keramika, Zelezné artefakty, nalezy z neZeleznych kovd, zvifeci
kosti apod.), z nichz kazdy dostal své vlastni nalezové ¢islo a takto byl
zapsan do nalezového deniku (obr. 27). Nalezové Gislo neslo vétSinou
informaci o pfiblizné lokalizaci nalezového souboru v rdmci &tverce
5 x 5 metr( a hloubce nalezu od povrchu terénu. Soucasti nalezového
Cisla byl zpravidla slovni popis charakteru odpovidajici vrstvy/kontextu.
Takto mélo nalezové ¢islo virtualné propojit nalez/néalezovy soubor
s jeho terénnim kontextem. ProtoZe vSak dokumentace terénnich
kontextl probihala v Mikul&icich ¢asto mechanicky, a navic nalezové
soubory odpovidajici jednotlivym kontextdm byly rozdéleny dle vyse
uvedeného systému tfidéni do vice podsoubort oznacenych rdznymi
nalezovymi Cisly, moznosti zpétného propojeni terénniho kontextu
se v§emi odpovidajicimi nalezy se vyrazné komplikovaly. Na druhé
strané fada ,drobnych” nalezd (kovové artefakty, kosténa a parohova
industrie apod.) byla v ndlezovém deniku opatiena hrubym kresebnym
nacrtem (obr. 27).6

Po konzervatorském oSetfeni nalezl byly vybrané artefakty opatfeny
inventarnim ¢islem a spolu s orienta¢ni kresbou zaneseny do inven-
tarni knihy (obr. 28). Inventarni ¢islo identifikovalo kazdy predmét
jednotlivé a jednoznacéné. Zbyvajici ¢ast fondu, kterd nebyla ur¢ena
k inventarizaci, byla deponovéana jako ,atypicky” material nebo jako
wvzorky" (v pfipadé ekofaktl), z mensi ¢asti byla dokonce skartovana
(pfedevsim keramika).

Dnes probiha evidence nélezl v Mikul&icich zasadné podle jednotlivych
zkoumanych ploch. Kazdéa takova plocha méa svou vlastni evidenéni
Ciselnou fadu, ktera spojuje &islo plochy s nalezovym a inventarnim
Cislem. Kazda plocha ma i svij elektronicky nalezovy denik a inventar.
UloZeni v depozitafi je na rozdil od dfivéj§i praxe organizovano dud-
sledné podle zkoumanych ploch. Z hlediska odborného zpracovani je
zakladnim pozadavkem kladenym na evidenci spolehlivé a pohotové
pfifazeni kazdého nalezového souboru nebo nalezu k odpovidajicimu
terénnimu kontextu.

Pomineme-li na¢rty v nalezovém deniku a orientacni kresby v inventarni
knize, byla kresli¢ska (profesionalni) dokumentace nalez( v pribé&hu
velkoplo$nych vyzkumu 20. stoleti pofizovana vybérové, a to vétinou
jako sougast zpracovani dil¢ich ¢asti nalezového fondu pro rlizné
publikaéni zaméry a projekty. V pfipadé fotografické dokumentace
bylo vdané dobé snahou pofizovat snimky alespori nejvyznamnéjSich
nélezl. Zpusob vybéru v8ak nebyl jednotny a samotny zamér nebyl
systematicky napliiovan. Proto konvolut nékolika set fotografii nalezu
z Mikulgic predstavuje v podstaté namatkovy vybér (s vyjimkou fondu
NKP ,Soubor movitych archeologickych nalez( z hradi§té MikulCice

16 Polacek et al. 2021a, 187.
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[.3.3
Documentation of finds

The “traditional” way of recording and documenting finds in Mikul&ice
was in place throughout the period of large-scale excavations between
1954 and 1992. The processing workflow began with the sorting
of each assemblage into smaller units based on the material (ceram-
ics, iron, non-ferrous metals, animal bones, etc.), each of which was
numbered by a unique find number under which it was entered in
the logbook of the finds (Fig. 27). The find number usually provided
information about the approximate place of the assemblage within
a5 x b metres square grid and the depth under the ground. Part of
the find number was usually a verbal description of the character
of the corresponding layer/context. This is how the find number was
supposed to be virtually linked to the find/assemblage set with the
archaeological context. However, the documentation of the Mikul€ice
contexts was often carried out mechanically and the assemblages that
corresponded to different contexts were divided based on the above
system of sorting into several sub-assemblages under different find
numbers. This made any later reconstruction of the links between the
contexts and all the corresponding finds significantly complicated. On
the other hand, a number of “small” finds (metal artefacts, bone and
antler industry) were amended with a rough sketch in the logbook of
the finds (Fig. 27).'®

After conservation, selected artefacts were given inventory numbers,
amended with an orientation drawing and entered in the inventory
book (Fig. 28). Each inventory number uniquely and unambiguously
identified each artefact. The remaining part of the finds, which were
not intended for inventorisation, was deposited as “atypical” material
or as “samples” (as was the case of ecofacts), while the smaller part
was even discarded (mainly ceramics).

Nowadays, the recording of finds in Mikul&ice is strictly linked with the
excavated areas. Each area has its own record number series, which
links an area number with an identification and inventory number. Each
area also has its own electronic logbook and inventory. The storage in
the depository is, contrary to how it was done before, based consist-
ently on the excavated areas. From the point of view of professional
processing, the basic requirement for registration is reliable and prompt
linking of each assemblage to the corresponding context.

Apart from the sketches in the logbook and the orientation drawings
in the inventory book, professional drawings of finds were only made
selectively during the large-scale excavations in the 20th century,
mostly as part of the processing of certain segments of the find col-
lection for different projects and publication purposes. At least the
most important finds were documented photographically at the time.
However, the selection was not unified, and the photography was not
systematic. Therefore, the set of several hundred photographs of the
MikulGice finds is basically a random selection (except for the national

16 Polacek et al. 2021a, 187.

Obr. 27. Ukazka standardni strany nalezového deniku
mikul&ického vyzkumu. Nélezovy denik 1965-11. Tabulka
obsahuje sloupce: nélezové &islo, pfedmét nebo
soubor, ¢tverec, hloubka, nalezové okolnosti.

/ Fig. 27. A standard page of the logbook of finds
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of the Mikul8ice excavations. Finds logbook 1965-II.
The table contains the columns: find number,
artefact or assemblage, trench, depth,

circumstances of discovery.
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z obdobi Velké Moravy nejvyznamnéjsich"” a exponatd pro mezinarodni
vystavni projekt Velkda Morava 1963-1968).

Velkym problémem mikul€ického nalezové fondu je chybéjici syste-
maticka dokumentace konzervatorsko-restauratorskych zasah. Tento
nedostatek se tyka zejména kovovych artefaktl z etapy velkoplo$nych
vyzkumd, a to véetné nejcennéjsich trezorovych nélezu.

Originalni obrazova dokumentace movitych nalez( ulozena v archivu
mikul&ického pracovi§té ARUB byla v roce 2007 vazné poskozena vyse
uvedenym pozarem. To samé plati o vlastnim néalezovém fondu shromaz-
déném v depozitafi zakladny. Reakci na tuto tragickou a traumatizujici
udalost byla snaha o systematickou dokumentaci nalezového fondu
v poslednich letech. Pivodni zamér digitélniho obrazového archivu
nasel pokragovaniv projektu VVMVM, a sice v podobé 3D dokumentace
vybranych nalezl a postupného vytvareni skuteénych digitalnich kopii
artefakt(l. Ukazky této prace prinasi vystava Velkomoravské MikulCice
virtualné, ktera pomoci nejmoderné;jSich technologii dava odborné
i laické verejnosti jedine¢nou moznost seznamit se podrobné s vybra-
nymi artefakty z velkomoravskych Mikulg&ic, jejichZ origindly jsou jinak
ulozeny v klimaticky kontrolovaném prostredi trezorového depozitare.

Diky fotogrammetrii a 3D technologiim si zadjemci z fad badateld,
ale i SirSi vefejnosti mohou prohlizet vybrané historické artefakty do
nejmensich detaild, aniz by k tomu potfebovali specialni optiku (lupy,
mikroskopy apod.). Pfesné a detailni digitalni modely umozniuji prohli-
Zeni artefaktl z novych Uhl pohledu a také z mist, ktera jsou v redlném
svété nedostupnd, pfipadné dostupné jen velmi tézko a ndkladné. Touto
cestou Ize Siroké vefejnosti pfedstavit napfiklad krasu velkomoravského
Sperku a odborné verejnosti umoznit badani bez nutnosti fyzického
pfistupu k vzacnym a choulostivym artefaktdm.

17 Soubor obsahujici 417 movitych pfedmétl byl prohlasen za narodni kulturni pamatku
nafizenim vlady Ceské republiky &. 422/2005 Sb. ze dne 29. za¥i 2005,
viz Polacek et al. 2010b, 64-65.

<i

cultural monuments collection “Assemblage of the most important
portable archaeological finds from the Great Moravian stronghold
in Mikul&ice”'” and the exhibits for the international exhibition Great
Moravia 1963-1968).

A major problem of the Mikul€ice archaeological collection is the
lack of systematic documentation of conservation and restoration
interventions. This shortcoming mainly concerns metal artefacts from
the phase of large-scale excavations, including the most valuable finds
stored in a safe-deposit box.

The original drawing documentation of portable finds archived at the
Mikul&ice research base of ARUB was seriously damaged by the tragic
fire in 2007 mentioned above. Unfortunately, the fate of the finds, which
were in the depository at the base, was the same. In response to this
tragic and traumatic event, archaeologists have pursued systematic
documentation of the finds in recent years. The original intent of the
digital visual archive was taken further by the VVMVM project in the
form of 3D documentation of selected finds and the gradual creation of
real digital copies of artefacts. The examples of this work are presented
at the exhibition Great Moravian MikulCice Virtually, which uses state-
of-the-art technologies to give the professional and general public
a unique opportunity to explore selected Great Moravian artefacts,
the originals of which are stored in a climate-controlled environment
of a safe-deposit box.

Through photogrammetry and 3D technologies, researchers and the
general public can admire historical artefacts in the smallest detail
without needing special magnifiers or microscopes. Accurate and
detailed digital models allow us to view artefacts from new angles,
some of which are normally inaccessible or are very difficult and
expensive to access. It is a way of presenting the beauty of Great
Moravian jewellery without the need for physical access to these rare
and delicate artefacts.

17  The assemblage of 417 portable finds was declared a national cultural monument
by the Regulation of the Government of the Czech Republic No. 422/2005 Coll. of
29 September 2005, see Polaéek et al. 2010a, 64-65.

Obr. 28. Ukazka standardni strany inventarni knihy
mikul&ického vyzkumu. Inventar 1957-11. Tabulka
obsahuje sloupce: inventarni ¢islo, popis artefaktu,
Ctverec, sektor, hloubka, nalezové okolnosti.

/ Fig. 28. A page from an inventory book of Mikul&ice
excavations. Inventory 1957-11. The table contains

the columns: inventory number, artefact description,
trench, sector, depth, circumstances of discovery.
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VELKOMORAVSKE MIKULCICE VIRTUALNE:
NOVE POHLEDY OTEViRA:Ji PROSTOR
NOVYM OBJEVUM

GREAT MORAVIAN MIKULCICE VIRTUALLY:
A NEW PERSPECTIVE ENABLES
NEW DISCOVERIES

Nemovité i movité archeologické nalezy jsme
zvykli vnimat v jejich béZnych souvislostech.
Nemovité nélezy — objekty - vidame v kontextu
terénniho vyzkumu, movité nélezy - artefakty — pak
zkoumame makroskopickym pozorovanim a pod
optikou mikroskopu nebo je vnimame prenesené
do depozitarl a muzejnich vitrin. Moderni
dokumentace a vizualizace ale pfinasi také nové
moznosti pohledu. Diky nim dokdzeme terénni
objekty zmensit, atraktivni formou rekonstruovat
jejich zaniklé &asti, nebo se kdykoliv virtualné
vracet pod povrch terénu k nalezové situaci, ktera
jiz fyzicky neexistuje. Na drobnych artefaktech
umime komplexné vizualizovat detaily, které by bylo
mozné jinak sledovat jen prostorové omezenym
fokusem mikroskopu. Nejde ale pouze o atraktivitu
obrazu. Diky pouziti vhodnych dokumentacnich
metod jsme schopni dodrzet védecké parametry
virtualnich obraz(. Vizualizace se tak stava

i nastrojem védecké prace. Moderni metody
dokumentace a vizualizace a jejich vyznam pro
archeologii vdm predstavujeme prostfednictvim
nalezl z hradisté Mikulcice-Valy.

1111
Poslani moderni dokumentace a prezentace

Hlavnim pfinosem moderni dokumentace je uchovani vérné, védecky
presné a dale zpracovatelné podoby archeologickych objektd a arte-
faktd. To je dalezZité s ohledem na pamatkovou a védeckou dokumentaci,
respektive archivaci. V pfipadé objektd je to jediny zpUsob, jak zazname-
nat odkrytou terénni situaci pred jejim zanikem. U artefakt( jde mimo
jiné o uchovani zaznamu pro pfipad degradace nebo zni¢eni pfedmétu,
ale také o omezeni fyzické manipulace s kfehkymi a vzacnymi originaly.
Védecky pfesny zdznam umoznuje provadét virtuaini vyzkum; Ize se
tak vracet k objektiim a terénnim situacim, které jiz fyzicky neexistuji.
Artefakty Ize prohlizet ve vysokém rozliSeni a sledovat kli¢ové detaily
bez omezeni Uzkého zorného pole mikroskopu, pfipadné vytipovat
mista pro navazujici specializované analyzy.

We are accustomed to observing portable and
non-portable archaeological finds in common
contexts. We are used to seeing non-portable
finds — features and structures - in the context

of excavations and studying portable finds -
artefacts — macroscopically, under a microscope
or in depositories and museum displays. However,
modern documentation and visualisation offer new
opportunities. They can scale down landscape
features, make attractive reconstructions of their
defunct parts or virtually return under the surface
to a context that no longer exists in physical reality.
They can also provide a complex visualisation

of details in small artefacts, which we would
otherwise be able to view only in the limited space
under a microscope. However, this is not just
about an attractive image. When using appropriate
documentation methods, we can maintain the
scientific parameters of virtual images. Visualisation
is yet another scientific tool. We use the finds from
the Mikul&ice-Valy stronghold to present modern
methods of documentation and visualisation.

1111
Mission of modern documentation and presentation

The main benefit of good-quality archaeological documentation is the
preservation of faithful, scientifically accurate images of archaeological
features and artefacts, which can be further processed. This is important
concerning monument preservation and scientific documentation, or
to be more precise, archiving. For features, it is the only reliable way
of recording excavated contexts before their inevitable destruction.
It also is a way of preserving virtual copies of artefacts in the case of
degradation or destruction of the items and also to protect rare and
fragile originals by minimising physical manipulation. A scientifically
accurate record enables a virtual study of artefacts and contexts that
no longer exist in physical reality. Artefacts can be viewed in high
definition and key details observed outside of the limited space un-
der the microscope and spots worthy of further specialised analysis
can be located.
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Obr. 29. Mikul&ice-Valy z dronu. Snimkovani hradis§té
pochézi z |éta roku 2018. Prulet byl realizovan po jizni
strané lokality smérem od zapadu k vychodu. Travnaté
zelené pasy na posekanych loukach evokuji zanikla
Fiéni ramena (,travni feka") a vizualizuji pfiblizny
rozsah opevnéné ¢asti hradisté.

/ Fig. 29. Mikul&ice-Valy in a drone view. Imaging

of the stronghold from 2018. The flight was performed
from the south side in the direction from the west

to the east. The green grass strips on the mowed
meadows resemble silted-up river branches (“grass
river”) and visualise the approximate range of the
fortified part of the stronghold.

Zakladem moderni védecké vizualizace v Mikul&icich je kvalitni foto-
grammetrickd dokumentace objektl v ramci terénnich vyzkumu hra-
disté v poslednim desetileti; metodou fotogrammetrie byla realizovana
dokumentace vybranych artefakt(. Ze sérii standardni metodikou
potizenych fotografii vznikly 3D modely reliktl objektl i predmét(,
zejména Sperku. Areal moravské ¢asti hradisté jsme zdokumentovali
z vy8ky pomoci dronu. K dispozici tedy mame jak prilet nad lokalitou
(obr. 29), tak jeji trojrozmérny model (obr. 30).

The basic method used for modern scientific visualisation is high-
quality photogrammetric documentation of features during the ex-
cavations at the stronghold over the past decade. Photogrammetry
was used to document selected artefacts. A series of standard pho-
tographs were used to create 3D models of the remains of features
and structures, and also artefacts, mainly jewellery. The Moravian
part of the stronghold was documented by a drone. The result is
a recording of the flight over the site (Fig. 29) and also a 3D model
(Fig. 30).
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Obr. 30. Mikulgice-Valy ve 3D. Metodou vicesnimkové / Fig. 30. Mikul&ice-Valy in 3D. The model of the
fotogrammetrie byl vytvofen z leteckych snimkd stronghold was made from aerial photos created through
3D model hradisté (stav 2019). the multi-image photogrammetry method (2019).
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Obr. 31. Mikul&ice-Valy v multispektralnim snimkovani.
Plocha hradi$té byla nasniméana v rGznych vinovych
délkach elektromagnetického zareni, jehoz primarnim
zdrojem je slunce. Jednotlivé vinové délky byly
nasnimany specialnimi ¢ipy, které jsou citlivé na danou
vinovou délku.

/ Fig. 31. Mikul&ice-Valy in a multispectral imaging.
The area of the stronghold was photographed in
different wavelengths of electromagnetic radiation,
whose primary source is the sun. Individual
wavelengths were detected by using specialised
chips, which are sensitive to every specific
wavelength.

Obr. 32. Mikul&ice-Valy z LIDARu (zkratka angl.

Light Detection and Ranging). Jedna se o metodu
bezkontaktniho méfeni vzdalenosti na zakladé vypoc&tu
doby $ifeni pulsu laserovych paprsku, které se odrazeji
od povrchu snimaného objektu. Timto zplisobem

Ize z vy$ky naskenovat zemsky povrch a snimky
interpolovat do podoby digitadlniho modelu nebo z nich
vytvorit vy§kopisny model povrchu (a). Na vy$kopisny
model Ize aplikovat klasickou hypsometrickou §kalu
znadici nadmoftskou vysku jednotlivych ¢asti hradisté
od nejnize polozenych mist dfive zaplavované nivy
(zelené) pres vyvySené pisec¢né duny po vystupujici
dochované téleso valu (odstiny hnédé) (b).

/ Fig. 32. Mikul&ice-Valy in a LIDAR (Light Detection
and Ranging) image. It is a method for determining
ranges (variable distance) by targeting an object or

a surface with a laser and measuring the time for the
reflected light to return to the receiver. In this way, the
Earth's surface can be scanned from a height and the
shots can be interpolated into a digital model or an
elevation model of the surface (a). The hypsometric
tints can be applied to the elevation model. They
visualise the difference in height above the sea level of
the individual parts of the stronghold - from the lowest
places of the floodplain (green) through raised sand
dunes to the elevated preserved body of the rampart
(shades of brown) (b).

[1.1.2
Mikul&ice z nadhledu

P¥i vyzkumu rozsahlejsi lokality, pfipadné vétsiho objektu se vzdy do-
stdvame do bodu, kdy je potfeba dostate¢ného vizualniho nadhledu.
V takovém pfipadé ndm pomahaji metody tzv. dalkového prizkumu
Zemé. P¥i prlizkumu celych rozsahlych Gzemi vyuzivime dnes jiz
dobfe dostupna data z vesmirnych druzic, v kazdodenni potfebé
pak sahame po ortofotografickych zobrazenich zemského povrchu
z webu Google.com nebo Mapy.cz. V archeologii je to stejné, jenom
s tim rozdilem, Ze nam podrobnost satelitnich snimk{ vétSinou ne-
dostacuje. Potfebujeme sice nadhled, ale s lepSim rozliSenim, tedy
dokumentovany z menSi vySky. Donedavna to znamenalo start letadla
se Sikovnym fotografem a kvalitni fotografickou technikou na palubé.
Dnes tuto praci zastane maly a dalkové ovliadany model, tzv. bezpilotni
letoun nebo dron.

P¥i aplikaci letecké archeologie z bezpilotnich prostiedkd jsme
v Mikulgicich vedle klasickych kamer pouZzili i kamery se specialnim
¢idlem, které zaznamenalo obraz lokality v neviditelnych spektrech
svétla (obr. 31), a v archeologické praxi jsme vyuzili map potizenych za
pomoci LIDARU (obr. 32). Pri testovacich letech bezpilotnich prostredk(
nad lokalitou byla definovana fada metodickych postupl pro efektivni
mapovani rozsahlych areall. Mimodék jsme tak uvedli do praxe novou
metodiku optického 3D skenovani - videogrammetrii.

1.2
Mikul¢ice from a bird’s eye view

During the excavation of a large site or feature, we always reach a point
where we need to see it from above. This is where remote sensing
methods help. When surveying vast areas, we use satellite data, which
are widely available today. For everyday work, we use orthophoto im-
ages of the Earth’s surface from such websites as Google.com and
Mapy.cz. However, and this also applies to archaeology, the resolution
of the satellite images is usually insufficient for our work. What we
need is a bird's eye view with a higher resolution, which means imag-
ing closer to the ground. Until recently, this meant using a plane with
a skilled photographer and a good-quality camera on the board. Today,
the work can be done using a small, remotely controlled unmanned
aircraft — a drone.

When applying aerial archaeology in Mikul€ice, we used drones with
both conventional cameras and those with a special sensor detecting
the invisible spectrum to map the site (Fig. 31). In the archaeological
work, we used LIDAR maps (Fig. 32). For testing unmanned aircraft
flights, a number of methodical processes for an effective mapping
of vast areas were defined. In doing so, we put into practice the basics
of a new methodology of optical 3D scanning — videogrammetry.
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KVALITNi DOKUMENTACE
JAKO ZARUKA UCHOVANI VYZKUMNYCH DAT

PROFESSIONAL DOCUMENTATION -
A GUARANTEE OF PRESERVING RESEARCH DATA

Terénni archeologicky vyzkum je svou podstatou
vzdy destruktivni. Neoddiskutovatelny je jeho
vyznam v pfipadé zachrany stavbou ¢i tézbou
ohrozeného Uzemi s archeologickymi nalezy.

Z hlediska feSeni vyzkumnych otazek je ale také
nutné ziskavani novych dat, a to prostfednictvim
badatelskych odkryva vybranych kli¢ovych lokalit
nebo jejich ¢asti. Jednou z téchto klicovych
lokalit je i hradisté MikulCice-Valy. U kazdého
vyzkumu je zasadni detailni dokumentace

vSech odkrytych terénnich situaci tak, aby bylo
mozné data archivovat a pouzit pro navazujici
postexkavacni analyzu i budouci teoreticky vyzkum.
Toto paradigma urcuje také sou¢asnou podobu
terénniho vyzkumu na mikul&ickém hradisti.

Archaeological excavations are a naturally
destructive process. The importance of rescue
excavations at sites with archaeological finds
endangered by construction or mining is
indisputable. On the other hand, when answering
research questions, archaeologists often need

to acquire new data, which is what systematic
excavations at key sites are for. One such site

is the MikulCice-Valy stronghold. In archaeological
fieldwork, detailed documentation of all excavated
contexts is essential. It must enable the archiving
of acquired data and their use in post-excavation
analysis and theoretical study. This paradigm
defines the current state of fieldwork at the
Mikul&ice stronghold.

1.2
Fotogrammetricka dokumentace
terénu a objektl

Vicesnimkova fotogrammetrie je osvédéenou metodou vizualizace
reality v podobé modelu vzniklého ze série fotografii. Tento obor ma
za sebou vice nez stoletou historii a vtuzemské archeologii byl pouzit
poprvé jiz v 70. letech 20. stoleti. Na oblibé ziskava v posledni dobé
s rozmachem dostupné dokumenta&ni a vypod&etni techniky. Aby vznikly
méficky prfesné 3D modely, je potfeba dodrzet standardni metodiku
prace v terénu. Ta spociva ve vhodném rozprostreni fotografickych
stanovi$t a soucasné v kombinovani os zadbéru jednotlivych fotografii
tak, aby bylo kazdé misto zajmového objektu kvalitné zachyceno ale-
sponi na &tyfech rliznych snimcich (obr. 33).

Zahloubené archeologické terény pfedstavuji vzhledem ke své obtizné
pfistupnosti dokumentacné& mimoradné naro¢né objekty, kde je potfeba
nadstandardné dbat na zaznamenénivsech detail(. Napfiklad na doku-
mentaci zaklad( jednoho mikul&ického kostela pomoci fotogrammetrie
bylo potfeba zhruba 120 snimkd. Priimérny model celé archeologické
situace (zakladU kostela) byl vytvaren specialnim vypocétem vykonného
pocitace. Cely proces ve vypocetni fazi zabral operatorovi dvé hodiny
pfi pfipravé projektu a nasledujici tfi hodiny trval automaticky strojovy
vypocet. Odménou za naro€nost procesu je ziskani naprosto presného
modelu dokumentovaného objektu. Takovy model uchovava cenna
vyzkumna data, jakymi jsou vySkopisné a polohopisné udaje, priibéh
a stratigrafie profild, pfesna poloha zachovanych stavebnich konstrukci,
pfitomnost nebo absence intaktniho zdiva apod.

.21
Photogrammetric documentation
of landscape and features

Multi-image photogrammetry is a proven method of visualisation.
Its results are models created based on a series of photographs.
Photogrammetry has been used for over a hundred years and was
first used in the Czech archaeology in the 1970s. Its popularity has
recently increased in connection with the advances in the available
documentation and information technology. To obtain accurate 3D
models with correct proportions, one must adhere to standard fieldwork
methodology. This means a suitable distribution of imaging points
and a combination of angles in which the photographs are taken so
that each part of the documented artefact is captured by at least four
images (Fig. 33).

Itis extremely difficult to document terrain depressions in archaeology.
They are difficult to access and particular attention must be paid to
documenting all details. For instance, photogrammetric documenta-
tion of the foundations of a church in Mikul&ice required 120 images.
An average model of such a context is created by a special calculation
made by a high-performance computer. It took an IT specialist two
hours to prepare the project and three hours to do the machine com-
putation. The result of this demanding process is a precise model of an
object. Such a model preserves valuable details, such as elevation and
topographic data, profile shape and stratigraphy, precise localisation
of preserved buildings and the presence or absence of intact masonry.
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Obr. 33. Systém vicesnimkové fotogrammetrie objektd
vizualizovany na pfikladu 5. kostela, zkoumaného na
mikulgické akropoli. Kazdy jehlan pfedstavuje jednu
standardni dokumentaé&ni fotografii objektu. Fotografie
byly potizeny ze vSech stran a z vice uhld, aby bylo
mozné spoditat ve specidlnim programu kompletni

3D model zakladu kostela.

/ Fig. 33. System of multi-image photogrammetry
of features presented on Church 5, excavated on the
Mikul¢ice acropolis. Each pyramid stands for one
standard documentation photograph of a feature.
The photographs were taken from all sides and
from several angles to create a 3D model of the
church’s foundations in a special program.
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1.2.2
Vyzkum hradby, ke kterému se Ize vracet

Metodou fotogrammetrie jsou dokumentovany témér vdechny nové
vyzkumy na hradisti. Jednim z nich byl terénni odkryv hradby na jizni
strané predhradi v roce 2018 (obr. 34). Podafrilo se pfi ném zachytit
navaznost hradby na dnes jiz zaniklé Fi¢ni koryto. Zpevnéni fi¢niho
bfehu pred hradbou zajigtovaly dubové kdly, jejichZ zahloubené Gasti
byly odkryty vyzkumem. Unikatnim nalezem byl naplaveny kmen dubu
(obr. 35), zachyceny v délce sedmi metrud ve vyplni zaniklého Fiéniho
koryta pfed hradbou.

1.2.3
Zaklady kostell v autentické podobé

V letech 2010-2013 probéhl v Mikul€icich revizni archeologicky vy-
zkum reliktt zdénych staveb objevenych v 50. aZ 60. letech 20. stoleti.
Jedna se dohromady o osm puldorysU kostel(, z toho ¢tyfi na akropoli
a CGtyfi v podhradi, a také o tzv. palac, jedinou profanni zdénou stav-
bou v Mikul&icich, spojujici nejspiSe shromazdovaci, reprezentaéni
a ceremonialni funkci.

Pri prilezitosti reviznich vyzkuma byly fotogrammetricky zdokumento-
vany zaklady vétSiny téchto staveb a tyto byly ndsledné vizualizovany do
podoby 3D modelu (obr. 36). Nejedna se pritom o klasické kompaktni
zéklady, ale o kombinaci utrzkovité dochovaného originalniho zdiva
kamennych staveb, tzv. intaktni zdivo, a negativd, tj. zakladovych ryh,
z nichz bylo plvodni zdivo v minulosti (nékdy po zaniku hradisté, mozna
az v novovéku) vybrano za Uc¢elem recyklace ziskaného stavebniho
materialu. Vyplii negativu tvofi kamenna drt a Glomky malt a omitek
smichané s hlinou. Diky pfesnosti modelu je dnes mozné terénni objekty
virtualné prohlizet a védecky zkoumat, pfestoze jsou jejich relikty jiz
opét ukryty pod zemi. V areélu hradisté pfipominaji umisténi pdvodnich
staveb nové zbudované pldorysy v podobé kamennych zidek.

%

Obr. 34. Vizualizace postupného odkryvani
velkomoravské hradby. V Sesti stratigrafickych

I1.2.2
Fortification excavations that can be revisited

Almost all new excavations at the fortified settlement are documented
photogrammetrically. An example is a fortification excavated in the
southern part of the outer bailey in 2018 (Fig. 34). The connection
between the rampart and the silted-up riverbed was proven due to
this excavation. The river bank was reinforced by oak stakes in front
of the rampart, the recessed parts of which were discovered during
the excavations. A unique find was made there: a seven-metre-long
oak trunk (Fig. 35), deposited in the backfill of the silted-up riverbed
in front of the rampart.

I1.2.3
Authentic foundations of churches

In the years 2010-2013, Mikul€ice saw the revision of archaeological
excavations of the remains of masonry buildings discovered in the
1950s and 1960s. This concerned nine ground plans of churches,
four of which were at the acropolis and five in the suburbium, and
the “palace” - the only profane masonry building in Mikul&ice, which
most likely had assembly, representation and ceremonial functions.

During the revision excavations, the foundations of most of these
constructions were photogrammetrically documented and made into
3D models (Fig. 36). These were not typical compact foundations, but
a combination of preserved original masonry from stone buildings,
their intact masonry, and negatives — foundation trenches from which
the original masonry was taken before it was recycled as construction
material at some point after the demise of the stronghold, perhaps
as late as the modern era. The backfill of the negative consisted of
stone grit and fragments of mortar and plaster mixed with clay. Due
to the accuracy of the model, it is now possible to virtually view and
examine the features, even though their remains are under the ground.
The position of the original buildings is visualised by low stone walls
copying the ground plans.

/ Fig. 34. Visualisation of the excavation layer
by layer of a Great Moravian rampart: a collapsed

vrstvach byla zdokumentovéna zficena hradba s ¢elni fortification with stone facing and stakes reinforcing
kamennou plentou a s pfedsunutymi kily zpeviujicimi the ground between the rampart and the riverbed was
prostor mezi hradbou a Fiénim ramenem. Zluty pisek documented in six stratigraphic layers. The yellow
naneseny v nékdejsim koryté obsahoval naplavena alluvial sand deposited in the silted-up riverbed

dreva. Vyzkum byl zasypan v zafi 2018 a dnes v jeho contained wood brought there by the stream.

mistech vede hradi§tém stezka smérfujici k lavce pres The excavations were filled in September 2018 and

Moravu a déle do slovenskych Kop¢an.

today, there is a path across the stronghold that leads
to a footbridge across the River Morava and continues
to the Slovak village of Kop¢&any.

vrstva 1/ layer 1

vrstva 2 / layer 2

vrstva 3 / layer 3

vrstva 4 / layer 4

vrstva 5 / layer 5

vrstva 6 / layer 6

Obr. 35. Kmen dubu, jehoz dievo se podafilo
dendrochronologicky datovat do roku 876, a vime
tedy, ze strom ukong&il svij rast v obdobi nejvétsiho
rozmachu Velké Moravy.

/ Fig. 35. A tree that finished its growth during
the heyday of Great Moravia: an oak trunk
dendrochronologically dated to 876.
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3. kostel / Church 3

Obr. 36. 3D modely zékladl 3., 4., 5., 6., 8., 9.

a10. kostela zachycené reviznim vyzkumem. Mikul&ické
kostely zastupuji svymi ptidorysnymi dispozicemi

celou fadu architektonickych typl pfedromanskych
sakralnich staveb. Od jednolodnich podélnych staveb
(kostely 5, 8, 10) pfes centralni stavby - rotundy

(kostely 6 a 9) po trojlodni baziliku (3. kostel). Bazilika
vynikd mezi mikul&ickymi stavbami i velkomoravskou
cirkevni architekturou obecné svou monumentalitou

a musela byt ve své dobé vyjimeénou sakralni stavbou.

/ Fig. 36. 3D models of the foundations of Churches 3,
4,5, 6, 8,9 and 10, which were discovered during

the revision excavations. The ground plans of

the MikulCice churches represent a wide range

of architectural types of pre-Romanesque sacred
buildings: from single-nave elongated buildings with
an apse (Church 4) or with a rectangular chancel
(Churches 5, 8, 10) through buildings with a circular
ground plan - rotundas (Churches 6 and 9) to a three-
nave basilica (Church 3). Due to its monumentality,
the basilica stands out among the Mikul¢ice buildings
and Great Moravian architecture in general. It must
have been an exceptional building at its time.
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5. kostel / Church 5

4. kostel / Church 4
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6. kostel / Church 6

8. kostel / Church 8




9. kostel / Church 9

10. kostel / Church 10




VIZUALIZACE ZANIKLYCH STAVEB

VISUALISATION OF DERELICT BUILDINGS

Rekonstrukce vzhledu dnes jiz neexistujicich
staveb nebo celych lokalit je v sou€asnosti
velmi oblibenou disciplinou. Umoznuje prenést
pozorovatele do rliznych historickych obdobi,

a to nékdy velmi nazorné formou virtualini reality.
VétSinou stoji v popredi zajmu autor( vizualni
atraktivita a zazitek pro pozorovatele. Védecka
presnost ale nemusi zlstavat stranou. V pripadé
mikul&ickych staveb budujeme jejich virtualni
rekonstrukci na realnych zékladech, a to doslova
i prenesené. Zaklady kosteld, palace i hradby mame
totiz uchovany v exaktnich digitalnich modelech
a hmotova rekonstrukce z nich vychazi.

11.3.1
Jak mohly vypadat mikulgické kostely?

Vyzkumy hradisté Mikul&ice-Valy pfinesly jako zasadni objev nebyvalou
koncentraci zdénych kostelnich staveb. Dohromady devét prokazatel-
nych kostel(, z nichZ ty nejvyznamnéjsi byly situovany v zapado-vychodni
ose akropole, soubézné s hlavni cestou, predstavuji pestrou Skalu
stavebnich typ( a pldorysl. Rekonstrukce jejich zaniklych nadzemnich
Casti je vyzvou pro badatele jiz nékolik desetileti. U jednoduchych staveb
s apsidou nebo pravouhlym chérem je rekonstrukce pomérné snadna;
Ize pfedpokladat plochy strop &i prostor otevieny do krovu, pfipadné
valenou klenbu a konchu. Slozitéjsi je rekonstrukce 3. kostela - troj-
lodni baziliky, a 6. kostela — dvouapsidové rotundy. Treti kostel jsme vi-
zualizovali jako klasickou rané kiestanskou baziliku se vstupnim atriem
a s okny po stranach centralni lodi. U Sestého kostela jsme se pfiklonili
k varianté se dvéma shodné vysokymi apsidami (obr. 37).

Podkladem pro rekonstrukci nadzemnich ¢asti zdénych staveb se staly
kromé technickych parametrt jejich reliktd zejména klasické rekon-
strukce Josefa PoSmourného. Ty byly obohaceny o poznatky z dosud
stojici rané stfedovéké cirkevni architektury z oblasti Chorvatska,
Tyrolska a Bavorska. Dulezita byla také detailni dokumentace reviznim
vyzkumem ovérenych pozustatkl intaktniho zdiva mikuléickych kos-
tel(, a studium stavebnich detaill na dosud stojicim predromanském
kostele sv. Margity v nedalekych Kop&anech.

Reconstructing the appearance of derelict
buildings - or entire sites — has become a popular
discipline. It takes the observer to different
historical periods, through virtual reality, which
can be highly illustrative. Visual attractiveness and
observer experience are usually what the creators
are interested in the most. However, scientific
accuracy does not have to stand aside. In the
case of Mikulgice buildings, we build their virtual
reconstruction on real foundations, both literally
and figuratively. The foundations of churches,
palace and fortifications are preserved by digital
scientific models on which the reconstruction

of the above-ground parts is based.

11.3.1
What might the Mikulcice
churches have looked like?

The key discovery of the excavations at the Mikul&ice-Valy stronghold
was the unprecedented concentration of masonry churches. A total
of nine proven church buildings, the most important of which were
situated on the east-west axis of the acropolis, which ran parallel to the
main road, represent a wide range of architectural types and ground
plans. The reconstruction of their derelict above-ground parts has been
quite a challenge for several decades. Reconstructing a simple church
with an apse or rectangular chancel is relatively straightforward. The
only thing to be discussed is the roofing of the nave and chancel: was
it a flat roof, an open space under trusses or a barrel vault combined
with a semi-dome? It gets more complicated when it comes to the re-
construction of Church 3 - the three-nave basilica - and Church 6 - the
two-apse rotunda. Church 3 was visualised as a typical early Christian
basilica with an atrium and windows on the sides of the central nave.
As for Church 6, a rotunda with two equally high apses appears to be
the most probable shape (Fig. 37).

The reconstruction of the above-ground parts of the masonry buildings
was based on the technical parameters and, importantly, the legendary
reconstructions by Josef PoSmourny. These were perfected using the
findings from early medieval sacred architecture in Croatia, the Tyrol
and Bavaria, which still stand. Other important factors that helped the
reconstruction were the detailed documentation of the remains of intact
masonry from the Mikul€ice churches verified by revision excavations
and the study of architectural details of the extant pre-Romanesque
Church of St Margaret near Kop&any.
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3. kostel / Church 3 8. kostel / Church 8

4. kostel / Church 4 9. kostel / Church 9

5. kostel / Church 5 10. kostel / Church 10

Obr. 37. Vizualizace nadzemnich / Fig. 37. Visualisation of the above-ground parts
Casti vétsiny mikulgickych kostell. Chybi stavba of most of the Mikul&ice churches. Church 2 was

2. kostela, kterou nebylo mozné standardné not included because it could not be documented in
dokumentovat s ohledem na jeji prezentaci v rdmci a standard way as it is located in the visitor pavilion;
navstévnického pavilonu, dale nerevidovana stavba Church 7 is missing because it has not been revised
7. kostela a trojice hypotetickych kostelli 1,11 a 12, and Churches 11 and 12 were omitted as they are
jejichz existence neni spolehlivé prokazana. Grafické only hypothetical churches and their existence has
feSeni vizualizaci je zdmé&rné pojato minimalisticky, not been reliably proven. The visualisations are

bez specifikace pouzitych stavebnich materiald. intentionally minimalistic and do not specify the

6. kostel / Church 6 building materials used.
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1.3.2
Konstrukéni varianty 6. kostela

3D vizualizace umoznuji rekonstruovat zaniklé stavby v réiznych varian-
tach, které Ize nasledné mezi sebou porovnavat. Jako ptiklad mizeme
uvést 6. kostel v podhradi, dvouapsidovou rotundu. Hlavnim interpre-
taénim problémem této stavby je podoba a funkce zapadni apsidy.
V literatufe se objevuji tfi mozné vyklady. Prvni z nich pfedpokladéa na
zapadni strané stejny prostor jako je vychodni apsida, jenom s odliSnou
funkci, a sice predsing, kftici kaple apod. (obr. 38). DalSi interpretace se
vaze na predpokladany vlastnicky charakter kostela, zvla$té pokud byl
soucasti hledaného velmozského dvorce. Terminem vlastnicky kostel
byva oznacovan zpulsob zaloZeni sakralni stavby rozsifeny zejména
v 9. a10. stoleti ve Franské fisi (u nas pak zejména v 11.-12. stoleti), kdy
si pfislusnici elit na svych pozemcich stavéli kostelni stavby na své
naklady a sami do nich dosazovali duchovni spravce. Signifikantni
architektonickou soucasti vlastnickych kostell byly tribuny, tedy
patra kostela oteviena do centralni lodi a se samostatnym vstupem,
ktera slouzila majiteli kostela a jeho rodiné k soukromému sledovani
bohosluzby. Pfitomnost tribuny je hlavnim motivem druhého mozného
vykladu funkce zapadni apsidy, ktery po¢ita s jejim rozdélenim do dvou
pater: dfevéné schodisté v pfizemi mélo zajistovat pfistup na tribunu

Obr. 38. Konstrukéni varianta 6. kostela bez vnitini

I1.3.2
Possible variants of Church 6 construction

3D visualisations allow several variants of the reconstruction of derelict
buildings, which can then be compared and discussed. As an example,
we can show Church 6 in the extramural settlement, the two-apse
rotunda. The main interpretation issue of this building is the form and
function of the western apse. Three possible interpretations appear in
the literature. The first of them presupposes the same space on the
west side as the eastern apse, only with a different function, namely
a vestibule, baptismal chapel, etc. (Fig. 38). Another interpretation is
related to the assumed proprietary character of the church, especially
if it was part of the sought-after magnate'’s court. The term propri-
etary church comes from the 9th and 10th-century Frankish Empire
and describes a church that was founded by the elite at their own
expense and on their property and where they would install ministers
of their choice. Proprietary churches had a stand — an above-ground
gallery overlooking the central nave with a separate entrance, which
enabled the church owner and his family to attend services privately.
The presence of the tribune is the main motive of the second possible
interpretation of the function of the western apse, which envisages
its division into two floors: the wooden staircase on the ground floor

/ Fig. 38. Reconstruction variant of Church 6 without

tribuny s celkovou niz§i vySkou stavby. Zapadni apsida an internal tribune and with a lower height of the

by v tomto pfipadé mohla slouzit jako vstupni hala

building. In this case, the western apse could serve as

nebo kftici kaple. a vestibule or a baptismal chapel.

v patie apsidy. Ta by se pak otevirala Sirokym otvorem do vélcové lodi
kostela (obr. 39). Konstrukéné by to ovsem znamenalo zna¢nou vysku
samotnych apsid, respektive celé stavby. Zaklenuti centralni lodi by
v pfipadé existence tribuny dosahovalo vysky nejméné deseti metra.
Rada dosud stojicich predromanskych kostell skuteéné dosahuje
znacénych vysek, které kontrastuji s jinak spi§e mensimi padorysnymi
rozmeéry téchto staveb. Navic, zna¢na sila zakladového zdiva 6. kostela
by zbudovéani vysoké stavby umoznovala. Existence tribuny v 6. kostele
je tedy realnou konstrukéni moznosti. S existenci tribuny podita i treti
vyklad, ktery ji vSak vklada do patra valcové véze, zaloZzené na plidorysu
zapadni apsidy. Mikul&icka stavba byva v tomto pfipadé srovnavana
se znamou, ale o dost mladsi rotundou sv. Jifi na Ile’pu. Pro existenci
véze vSak nenachazime v terénnim kontextu ani v technickych para-
metrech stavby spolehlivé doklady. Vizualizace 6. kostela s pouzitim
digitalizovanych autentickych zaklad( stavby tak podporuje prvni nebo
druhou variantu vykladu zapadni apsidy a celkovou interpretaci stavby
jako ,dvouapsidové” rotundy.

Obr. 39. Konstrukéni varianta 6. kostela o celkové
vy$ce stavby pies 10 metrl s tribunou v zdpadni
apsidé. Vyska stavby umoziiuje zbudovani vnitfniho

schodisté na tribunu.

was supposed to provide access to the tribune on the apse floor. It
would then open through a wide opening into the cylindrical nave of
the church (Fig. 39). Structurally, however, this would mean a consid-
erable height of the apses themselves, or of the entire building. The
vaulting of the central nave would reach a height of at least ten metres
if there was a tribune. A number of extant pre-Romanesque churches
actually reach considerable heights, which contrast with the otherwise
rather smaller floor plan dimensions of these buildings. In addition, the
considerable strength of the foundation masonry of Church 6 would
allow the construction of a high building. The existence of a tribune
in Church 6 is therefore a real construction variant.

The third interpretation also assumes the existence of a tribune, but
places it on the floor of the cylindrical tower, based on the floor plan
of the western apse. In this case, the Mikul¢ice building is often com-
pared to the well-known, but much later rotunda of St George on the hill
of Rl’p. However, we do not find reliable evidence for the existence of
the tower in the archaeological context or in the technical parameters
of the building. The visualisation of Church 6 using digitised authentic
foundations of the building thus supports the first or second variant
of the interpretation of the western apse and the overall interpretation
of the building as a two-apse rotunda.

/ Fig. 39. Reconstruction variant of Church 6 with
a total height of more than 10 metres with tribune in
the western apse. The height of the building allows
the construction of an interior staircase leading to
the tribune.
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ATRAKTIVNi PREZENTACE
JAKO PODSTATNA SOUCAST VEDY

ATTRACTIVE PRESENTATION
AS AN ESSENTIAL PART OF SCIENCE

Nasi primarni snahou je aplikovat nové moznosti
vizualizace archeologickych objektl a artefakt(
do védy. Jsme ale zaroven presvédceni, ze v ramci
principu oteviené védy je klicové predkladat
atraktivni formou vysledky naS8i prace verejnosti.
Sdileni poznatk( vyzkumu vede k pochopeni

a pozitivnimu vnimani oboru, ktery se stava
respektovanéjSim a zaroven prirozenou cestou
podnécuje ob&any k uvédomeélé péci o své
kulturnimu dédictvi. V ramci naSeho vystavniho
projektu jsou Spickou v atraktivni prezentaci
holograficka projekce, inovativni 3D tisk

a rozSirena realita.

.41
Poutava holograficka projekce

Holografe je moderni metodou, kterd umoznuje pomoci dvojrozmérného
nosi¢e obrazového zaznamu vizualizovat zdanlivé trojrozmérné objekty.
Néazev pochazi z feckého slova holos — Uplny. Namisto laserového pa-
prsku pouzivaného ve skuteéné holografii v naSem pfipadé docilujeme
prostorového obrazu pomoci rotaéniho projektoru. Holograficky rotaéni
projektor je tvofen rychle rotujicimi rameny, na nichz jsou umistény
RGB diody. Kdyz se ramena roztoéi (stejné jako napriklad ventilator)
tak, aby pozorovatel nevnimal jejich pohyb, a blikani jednotlivych diod
je synchronizovano s rychlosti rotace, ziskavame barevny pohyblivy
obraz. Ten je navic zdanlivé transparentni, coz budi dojem, Ze divak
sleduje objekt vznasejici se pred nim volné v prostoru (obr. 40: a).

I1.4.2
Dvouplastovy gombik na dosah

Dvojice nejpropracovangjsich mikul&ickych gombikd, tzv. dvouplastové
gombiky, patfi k vrcholu $perkarského uméleckého Femesla. Originalni
exemplare jsou zafazeny spolu s dalSimi velkomoravskymi Sperky
z Mikul&ic mezi movité narodni kulturni pamatky a neni mozné je bézné
vystavovat. Sperkarskymi technikami vyrobené kopie z drahého kovu
budou jako sougast pfipravované trvalé expozice v navstévnickém centru
Slovanského hradisté v Mikul&icich uloZzené v uzaviené bezpecnostni
vitriné. Diky vysoce kvalitnimu digitalnimu modelu bylo ale mozné
vytisknout jeden z exemplarl na 3D tiskarné, a to v originalni velikosti
i vdesetindsobném zvétSeni - tyto plastové gombiky jsou haptickymi
exponaty pro vdechny navstévniky (obr. 40: b).

Our primary effort is to apply new visualisation
possibilities of archaeological features and
artefacts to science. However, we are also
convinced that, within the framework of the
principles of open science, it is crucial to present
the results of our work to the public in an
attractive form. Sharing research findings leads
to an understanding and positive perception of
archaeology, which is becoming more socially
respected and at the same time naturally
encourages citizens to consciously care for

their cultural heritage. As part of our exhibition
project, holographic projection, innovative additive
manufacturing and augmented reality are at

the top of the attractive presentation.

.41
Engaging holographic projection

Holography is a modern method that generates three-dimensional
images using a two-dimensional record carrier. The name is derived
from the Greek word holos — whole. Instead of using laser beams
that are applied in real holography, the 3D image is achieved using
a rotary projector. The holographic rotary projector consists of fast
rotating arms with RGB diodes. When the arms rotate fast enough
for the viewer not to perceive their movement (like a fan, for instance)
and the flashing of the diodes is synchronised with the rotation speed,
they create a coloured moving image. This image is transparent, which
gives the viewers the impression that they see an object suspended
in the space in front of them (Fig. 40: a).

1.4.2
Two-layered spherical hollow button within reach

The pair of the most sophisticated spherical hollow buttons (gombiky
in Czech) found at Mikulgice, the two-layered buttons, represent the
very top level of jewellery making. The originals, together with other
Great Moravian jewellery, are listed as portable national cultural
monuments and cannot normally be exhibited. Their copies, made
from precious metal with the use of jewellery-making techniques, will
become part of the future permanent exhibition in the visitor centre
of the Slavic fortified settlement in Mikul&ice displayed in a security
showcase. Thanks to the digital model, it was possible to print one of

93



94

Obr. 40. Dvouplastovy gombik v holografické projekci,
3D vytisku a extrémné detailni projekci. V originale

se jedna o gombik objeveny spolu s parovym
exemplafem v bohatém Zenském hrobé 505 u 3. kostela
v Mikulgicich. Dvojice zlatych gombik( mimotadné
umeélecko-femesiné kvality nema ve velkomoravském
prostfedi obdoby. Na jejich vyrobu byla pouzita
extrémné naroéna technika spogivajici v opakovaném
pajenivice nez 50 komponent z filigranniho dratu

a témér 2000 granuli. Vyroba gombiku byla dokonale
femeslIné zvladnuta. Artefakty byly vyrobeny z témér
ryziho zlata. Jejich reélné velikost je 3 centimetry
véetné ouska.

/ Fig. 40. 3D model of a two-layered spherical hollow
button in a holographic projection, 3D print and in
extremely detailed projection. The original is a spherical
hollow button discovered together with its pair piece

in rich female grave 505 near Church 3 in Mikul&ice.
This pair of gold buttons are of exceptional artistic and
craft quality and are unrivalled among Great Moravian
finds. They were manufactured using an extremely
demanding technique consisting of soldering more
than 50 components made from filigree wire and almost
2,000 granules. Each button was perfectly crafted. The
artefacts were made of almost pure gold. The height

of the original spherical hollow button is 3 centimetres
including the loop.
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Extrémné zvétSené detaily modelu nabizeji ,pralet” jeho filigranni
vyzdobou v nasténné projekci. Model je tentokrat zvétSeny tak, jako
by mél original primér pres sto metrli a pozorovatel projekce si mlze
pfi pohledu na gombik pfipadat jako vesmirny objevitel nad porvrchem
neznamé planety (obr. 40: c).

1.4.3
Hrob bojovnika s me&em v rozsifené realité

P¥i badatelském vyzkumu mikul&ického podhradi v poloze Kostelisko
v roce 2016 byl odkryt muzsky hrob, vybaveny mec¢em. Jedné se
0 sedmnécty - a dosud posledni objeveny - hrob vybaveny meem
z Mikul¢ic; byl oznaden &islem 2041. Nalez zbrané je cenny mimo jiné
pro dochovéani organického materialu na ¢epeli me¢e. Pochva mece
byla vyrobena z bukového dieva, pokryta kizi a vyloZzena vzorovanou
hedvabnou latkou, jejiz lem byl pfetazen pres Usti pochvy a tvofil tak
luxusni ozdobny detail podtrhujici spoleGensky vyznam nositele zbrané.
Ackoliv byl obsah hrobu jiz pfed nékolika lety vyzvednut, jdma zasypana
a kosterni material s artefaktem jsou ulozeny v depozitafi, nalezovou
situaci je mozné si diky fotogrammetrické dokumentaci prohlizet zpé&tné
v podobé 3D modelu (obr. 41).

the specimens on a 3D printer, both in its original size and in a ten-time
magnification. These plastic spherical hollow buttons serve as haptic
exhibits for all visitors (Fig. 40: b).

Extremely enlarged details of the spherical hollow button model
projected on a wall offer a spectacular view of the filigree decoration.
The model is enlarged to a size that corresponds to a hundred-metre-
wide original and the viewer of the projection may feel like a space
explorer above the surface of an unknown planet when looking at the
artefact (Fig. 40: c).

1.4.3
Grave of a warrior with a sword in augmented reality

In 2016, during the excavation of the Mikul€ice suburbium at the
Kostelisko site, a male grave equipped with a sword was discovered.
This is the seventeenth — and so far the last discovered - grave equipped
with a sword from Mikul€ice; it was labelled with the number 2041. The
find of the weapon is important, among other things, for the preserva-
tion of the organic material on the blade of the sword. The scabbard of
the sword was made of beech wood, covered with leather and padded
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with patterned silk fabric, the edge of which was pulled over the mouth
of the scabbard to form a luxurious decorative detail underlining the
social importance of the weapon’s owner. Although the contents of
the grave were collected several years ago, the pit was then filled in
and the skeletal material and the sword are stored in a depository,
it is possible to examine the context retrospectively in the form of
a 3D model (Fig. 41) thanks to the photogrammetric documentation.

Obr. 41. Nalezova situace hrobu 2041 s me¢em

v roz§ifené realité. Dospély muz byl pohiben

na neopevnéném jiznim podhradi Mikul€ic (trat
Kostelisko). Aby bylo mozné vzit se do role archeologa,
ktery hrob praveé vykopal, vizualizovali jsme nélezovou
situaci v prostoru. Specialni aplikace zobrazi s pomoci
grafického markeru hrob na étecim zafizeni (tabletu,
mobilu) v autentické podobé po jeho objevu.

/ Fig. 41. The archaeological context of grave 2041
in augmented reality. An adult man was buried in
the unfortified southern suburbium of Mikul&ice
(Kostelisko site) with a sword. In order to be able
to assume the role of an archaeologist who has
just excavated the grave, we visualised the context
in space. A special application displays the grave
on a reading device (tablet, mobile phone) in an

authentic form after its discovery with the help
of a graphic marker.
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VYZNAM 3D ARTEFAKTU:
ATRAKTIVITA, OCHRANA | VEDA

THE IMPORTANCE OF 3D ARTEFACTS:
ATTRACTIVENESS, PROTECTION AND SCIENCE

Obliba a technické moznosti prezentace
archeologickych artefakt v 3D zobrazeni jsou

v poslednich letech na vzestupu. Atraktivni vizualni
stranka predstavuje ovSem jen jednu rovinu

3D dokumentace. Velky vyznam mé uchovani
datového zaznamu predmétu pro pfipad jeho
degradace, ztraty, nebo dokonce zni¢eni. Ani

tim ale pfinos 3D dokumentace nekon¢i. Pokud

je provedena metodicky spravné a dostate¢né
detailné, mlze slouzit rovnéz k védecké praci.

Na detailnim modelu ve vysokém rozliSeni

|ze provadét pozorovani povrchu, odmeérovat
vzdalenosti nebo porovnavat artefakty mezi sebou.
Originaly pfitom nemuseji opustit klimatizované

a bezpe&né prostredi trezoru, ¢imz se snizuje
riziko jejich poSkozeni. Kvalitni 3D model Ize ziskat
metodou fotogrammetrie.

.51
Vyuziti fotogrammetrie
pro dokumentaci $perku

Pod kvalitou nafoceni si obvykle pfedstavime pofizeni zd&znamu vhodnou
technikou ve vysokém rozliSeni za optimalnich svételnych podminek.
V pripadé fotogrammetrické dokumentace jde ale zaroveri o peélivé
zdokumentovani celého povrchu artefaktu pfesné definovanou meto-
dou. Pro Sperk a jiné drobné pfedméty jsme vypracovali systém, kdy
se vysledny 3D model jednoho artefaktu standardné sklada z vice nez
objektu s problematickym povrchem (material prihledny, prasvitny
a silné leskly) je potfeba pocet snimkU je§té nasobné zvysit.

Samotné fotografovani probiha za pomoci automatizované pohyblivé
to¢ny, ktera je napojena na spoust fotoaparatu a po spusténi otaci
prfedmeét kolem jeho jedné osy vzdy po péti stupnich. Vhodnou Upra-
vou polohy pfedmétu, poté co byla dokoncéena cela otocka (360°), Ize
dosahnout kompletni dokumentace celého jeho povrchu (obr. 43).

The popularity and technical opportunities for
presenting archaeological artefacts in 3D have
been on the rise in recent years. However,

the attractive visual side is only one facet

of 3D documentation. Keeping the data record
of an artefact is of the utmost importance in the
event of degradation, loss or even destruction.
The benefits of 3D documentation do not stop
there. When performed methodically and in
sufficient detail, it can also serve scientific
work. High-resolution models allow surface
observation, measuring distances and the
comparison of artefacts, while the originals stay
in an air-conditioned safe, which reduces the risk
of damage. A quality 3D model can be obtained
by photogrammetry.

11.5.1
Use of photogrammetry
for documentation of jewellery

What we mean by quality photography is recording using suitable
technology and high resolution under optimal light conditions. In the
case of photogrammetry, this also means careful documentation of the
entire surface of the artefact by a precisely defined method. We have
devised a system for jewellery and other small artefacts where the re-
sulting 3D model of a single artefact consists of more than 200 images
(Fig. 42). The number of images needs to be multiplied when there are
complex features and problematic surfaces (transparent, translucent
or highly glossy).

The shooting is done using an automated moving turntable connected
to a camera shutter release, and after being turned on automatically,
it rotates the object around its axis by five degrees. By appropriately
adjusting the position of the object after an entire turn (360°) has
been completed, overall documentation of the entire surface can be
achieved (Fig. 43).
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Obr. 42. Systém vicesnimkové fotogrammetrie
artefaktl vizualizovany na ptikladu zlaté hrozni¢kové
nausnice. Kazdy jehlan pfedstavuje jednu standardni
dokumentaéni fotografii artefaktu. Fotografie byly
pofizeny v nékolika sériich v horizontalni i vertikalni
ose pfedmétu tak, aby bylo mozné spoditat ve
specialnim programu kompletni 3D model ndusnice.
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/ Fig. 42. The system of multi-image photogrammetry
exemplified on a golden grape pendant earring. Each
pyramid stands for one standard documentation
photograph of the artefact. The photographs were
taken in several series around the horizontal and
vertical axes of the earring so that it enabled to
calculate the complete 3D model of the artefact

in a special program.

Obr. 43. Fotografovani za pomoci automatizované
tocny, ktera je napojenéa na spoust fotoaparatu.

Pro dokumentaci bézného pfedmétu je potreba

218 snimkd, coz je necelych 8 minut gistého
fotografického ¢asu. Toéna znamena vyrazné urychleni
je nastaveni vhodného osvétleni, usazeni artefaktu,
kontrola vyslednych snimk( a samoziejmeé vypocet
vlastniho modelu, kdy je nutna zkuSenost operatora

a pouziti vhodné vypocetni techniky.

/ Fig. 43. Shooting with the use of an automated
turntable connected to the camera shutter
release. As many as 218 images are usually
required to document an artefact, which takes
just under 8 minutes. The use of a turntable has
brought automation and a significant quickening
to the process. Other aspects of the preparation
of photogrammetry are more demanding, such as
setting suitable lighting, positioning the artefact,
examining the resulting images and, of course,
calculating the model - this is where an experienced
operator and suitable computing are necessary.
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[1.5.2
3D modely elitnich $perkd
a odévnich soucasti

Elitni Sperky a odévni soudasti vyrobené ze zlata, stfibra a pozlacené
slitiny médi jsou atraktivnimi objekty pro laiky i odborniky. Jsou dle-
zitymi doklady sebereprezentace Spi¢ek velkomoravské spoleénosti
a femeslnych kompetenci rané stfedovékych $perkard. Podle detailni
technologie jejich vyroby, tvaru jednotlivych komponent nebo vyrob-
nich stop lze odvozovat jejich plivod a distribuci v ramci spoleénosti.
Predpoklada se, ze byly dllezitym nastrojem mocenské strategie
obdarovavani mezi pfislusniky vysokych spoleéenskych vrstev, ktefi
toto prestizni zbozi distribuovali mezi své spojence.

Zaroven se jedna o drobné a kfehké artefakty, jejichz prezentace
i vyzkum bez nutnosti manipulace se samotnymi originaly pfispiva
k jejich ochrané. Kvalitni 3D modely umoznuji detailni vizualizaci $perku
a dalSich soucasti odévd, kterou oceni zajemci z fad Siroké vefejnosti
i profesionalni archeologové. Velkomoravské Sperky a odévni soucasti
pochézeji v naprosté vétsiné z hrobového kontextu. Nejéasteji jsou vyra-
bény kombinovanim klasickych $perkarskych metod v podobé tepaného
plechu, filigranu a granulace, které v nékterych pfipadech doplriuji viozky
ze skla a kamene, vzacné potom perly a email. Nejvice zastoupenym
velkomoravskym Sperkem, ktery byl vyhrazen Zzenam a divkam, jsou
nausnice. V hrobech se nachéazeji asto v parech nebo vice kusech.
Necelé jedno procento mikuléickych hrobt obsahovalo alespori jednu
zlatou nausnici (obr. 44). Zcela signifikantni velkomoravskou ozdobou
byly duté plechové kulovité zavésky oznaCované jako gombiky. Mensi
kompaktni exemplafe mohly slouzit jako odévni spinadla, ale vyznam
gombik{l pfesahoval do spolecenské sféry. Velké gombiky s tepanou
vyzdobou plnily Glohu statusového symbolu muzskych i zenskych elit
(obr. 45). Typickou vybavou pfislusnika velkomoravské elity byla rov-
néz zdobena opaskova nakondi (obr. 46) a u muzd podkolenni vazani
a ostruhy s upinacimi prezkami (obr. 47).
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1.5.2
3D models of elite jewellery
and clothing accessories

Elite jewellery and clothing accessories made of gold, silver and gold-
plated copper alloy are attractive to both the lay public and professionals.
They are important documents of the self-presentation of the Great
Moravian highest elite and the craftsmanship of the early medieval
jewellery makers. Based on the details, technology, the shape of the
components and the production marks, the origin and distribution of
these artefacts within the society can be hypothesised. Itis assumed
that they were an important tool in a power strategy employed by the
members of high social classes, which involved giving prestige goods
as presents to one's allies.

The artefacts in question are small and fragile, and exhibiting and
researching them without handling them contributes to their protec-
tion. Quality 3D models provide a detailed visualisation of jewellery
and accessories, which is appreciated by the general public and
professional archaeologists. A vast majority of Great Moravian jewel-
lery and garment parts are grave finds. They were usually made using
a combination of jewellery-making techniques, such as chasing, filigree
and granulation and were sometimes complemented with glass and
stone inserts, and also rarely with pearls and enamel. Earrings, the
most numerous finds among Great Moravian jewellery, were worn by
women and girls. Multiple pieces or pairs are often found in graves.
Less than one per cent of the MikulGice graves contained at least one
gold earring (Fig. 44). The most typical Great Moravian embellish-
ments were hollow spherical buttons made from sheet metal, called
gombiky in Czech (gombik in singular). Smaller gombiky might have
served as garment fasteners, however, their importance overlapped
with the social sphere. Large gombiky with chased decorations played
the role of a status symbol for both male and female members of the
elite (Fig. 45). Among the typical equipment of a Great Moravian elite
were also decorated strap ends (Fig. 46), calf straps and spurs with
strap buckles that were used by men (Fig. 47).

Obr. 44. Hrozni¢kové nausnice, které dostaly své
pojmenovani podle charakteristického granulovaného
zavésku, jsou nejéastéji nachazenym typem
honosnych velkomoravskych nausnic. Dvojice
exemplafl z hrobu 1686, ktery byl objeven na
pohfebisti v poloze Kostelisko v podhradi a patfil
dospélé Zené, reprezentuje mimoradné kvalitné
provedené kusy. Pro zhotoveni originalniho artefaktu
byly pouzity &tyfi gramy zlata, pies 10 centimetrud
perlovaného dratu, vice nez 30 velkych a témér 350
drobnych makovych granuli.

/ Fig. 44. Grape pendant earrings, which got their
name after the characteristic granulated pendant,
are the most frequently found type of Great Moravian
earrings. A pair of grape pendant earrings from
grave 1686 were discovered in the burial ground

at the Kostelisko site in the suburbium. They are
exceptionally well executed and belonged to

an adult woman. Four grams of gold, more than

10 centimetres of beaded wire, and over 30 large and
almost 350 small poppy granules were used to make
the original artefact.
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Obr. 45. Jeden ze dvou nejvétsich gombikd nalezenych
na lokalité Mikul&ice-Valy v hrobovém kontextu. Byla
jimi ozdobena mlada zena pohrbené u 3. kostela

v hrobé 216. Povrch gombiku zdobi motiv Sesti

rozet a modrych skel. Pla§t gombiku byl v minulosti
doplfiovan pfi restauratorském zasahu. Originalni
artefakt pfesahuje v priméru 4 centimetry, na vy$ku
méfi i s ouskem témér 5 centimetrd.

/ Fig. 45. One of the two largest spherical hollow
buttons (gombiky in Czech) found at Mikul&ice-Valy in
a grave context. They adorned a young woman buried
at Church 3 in grave 216. The surface of the gombik

is decorated with six rosettes and blue glass. In the
past, the surface of the gombik was completed as

part of a restorative intervention. The diameter of the
original artefact exceeds 4 centimetres and the height,
including the loop, is almost 5 centimetres.

Obr. 46. Jedno ze ¢tyf unikatnich mikul€ickych
plechovych kovéani ve tvaru knihy, které se interpretuje
jako opaskové nakon¢i. V hrob& mladého dospélého
jedince neurgitelného pohlavi €. 1735 v mikul&ickém
podhradi na pohrebisti v poloze Kostelisko byly
nalezeny hned tfi podobné exemplére. Originalni
kovani ma vysku necelé 4 centimetry.

/ Fig. 46. One of four unique book-shaped sheet-
metal fittings found at Mikul&ice, which are usually
interpreted as strap ends. As many as three similar
examples were found in grave 1735 at the Mikul&ice-
Kostelisko site in the suburbium, where a young adult
of undetermined sex was buried. The original fitting
is almost 4 centimetres high.
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Obr. 47. Ostruhy jsou symbolem muzskych
velkomoravskych elit. Dvojice pozlacenych litych
exemplafl ze slitiny médi s rostlinnym ornamentem
z hrobu dospélého muze 50/VI byla pfipinana
prezkami s pravleékami, které zdobily shodné vzory
jako ostruhy. Jednotny vyzdobny styl dodrZzovalo

i opaskové kovani honosného odévu.

/ Fig. 47. Spurs symbolise male Great Moravian elites.
A pair of gold-plated cast bronze spurs with a floral
ornament from grave 50/VI, a burial of an adult male,
were attached by buckles with sliders decorated

with the same ornaments as the spurs. A uniform
decorative style was also found on the belt fitting

of the luxury garment.




OBTIiZNE DOKUMENTOVATELNE ARTEFAKTY

ARTEFACTS THAT ARE DIFFICULT TO DOCUMENT

Ne vSechny archeologické artefakty Ize prevést

do podoby 3D modeltd pomoci standardni metodiky
vicesnimkové fotogrammetrie. Mezi obtizné
dokumentovatelné predméty patfi napfriklad hladké
gombiky s lesklym povrchem, nakonéi s prlsvitnymi
sklenénymi vlozkami a konstrukéné slozité
nausnice — kosSickové tvary vyrobené z jemnych
dratkd nebo kiehké nausnice s pohyblivymi
zavésnymi retizky. Dokumentaci téchto artefaktt

je nutné resit individuélné a zkouset specifické
postupy, tak aby se zdafilo vytvofit jejich vérny
obraz. V nékterych pfipadech Ize naopak
fotodokumentaci realizovat bez problémd,

ale je vhodné pro optimalni vizualizaci obrazu
pristoupit ke specifickym vypocetnim postupim

a pokrocilému zobrazovani detail(.

11.6.1
Sklo, slozité tvary a pohyblivé fetizky

Mezi vlastnosti artefaktd, které vedou k obtizim s tvorbou jejich 3D mo-
deld, patfi leskly nebo priasvitny povrch, komplikovana jemna struktura,
pohyblivé komponenty nebo vyrazna osova disproporénost povrchu.

V pripadé lesklych a prisvitnych povrch( bylo zapotfebi pracovat obe-
zfetné se svétlem a hlidat zaostfeni fotografii. Za normalnich okolnosti
se takova situace resi zmatnénim povrchu pomoci nejriznéjsich barev
a praskd. To je v8ak postup, ktery je v pfipadé vzacnych historickych
artefaktl nepfipustny. Kde nelze upravit podobu povrchu predmétu fy-
je mozné fesit vhodnym zplisobem nasviceni scény, pripadné cilenym
filtrovanim vinové délky osvétleni. Pfedméty reaguji na réizné vinové
délky svétla, kterému jsou vystaveny, odlisné. Toho Ize dobfe vyuzit pfi
méfické dokumentaci problematickych povrchd, jakym je napfiklad
almandin vsazeny do zlaté relikvidfové ozdoby s perlami (obr. 48).

Nékteré artefakty, jako napfiklad nausnice s deseti koSi¢ky, bylo obtizné
zdokumentovat ze v8ech Uhl{ tak, aby byl patrny kazdy detail - vtomto
pfipadé filigranni drat — ze v8ech stran. Zarovern musela byt dodrzena
vhodna hloubka ostrosti, aby byl vysledny model dostate¢né ostry ve
vSech detailech (obr. 49).

Vyzvy mohou vyvstat i pfi vypocetni fazi. Tyka se to standardné arte-
faktd, které maji v jedné ose vyrazné& mensi rozmér nez ve zbyvajicich

Not all archaeological artefacts can be converted
into 3D models using a standard multi-image
photogrammetry. These include spherical hollow
buttons with smooth and glossy surfaces,
strap-ends with translucent glass inserts and
structurally complicated earrings — basket

beads made from fine wire or fragile earrings
with movable chain pendants. These artefacts
must be addressed individually, and specific
procedures must be tested to produce a realistic
image. In some cases, photodocumentation is
easy, but still, the optimum image is achieved
using specialised computation procedures and
advanced imaging of details.

11.6.1
Glass, complex shapes and movable chains

Among the features that can cause difficulties in 3D modelling are
glossy or translucent surfaces, complicated fine structures, movable
components, or significant axial disproportion of the surface.

When photographing glossy and translucent surfaces, it was necessary
to work carefully with light and focus. Under normal circumstances,
such a situation is solved by making the surface matte using a variety
of colours and powders. However, such solutions are unacceptable
when treating rare historical artefacts. If a surface cannot be modified
physically, mathematics and optics are used to help. Even the most
problematic surfaces can be imaged with the help of suitable lighting
of the scene or by targeted filtering of the light's wavelength. Different
light wavelengths make artefacts react differently, which is something
that can be taken advantage of and used in the documentation of
problematic surfaces. This can be use when measuring problematic
surfaces, such as almandine embedded in a gold reliquary adornment
with pearls (Fig. 48).

Some artefacts — such as earrings with ten basket beads - were dif-
ficult to document from all angles to achieve good visibility of every
detail from all sides - in this case, the filigree wire. At the same time,
a suitable depth of field had to be achieved to ensure that the resulting
model and all its details were sharp (Fig. 49).

Challenges can also arise in the computing phase. This usually applies

to artefacts that have one axis significantly smaller than the other two,
for instance, coins. The procedure included creating separate digital
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Obr. 48. Zlata ozdoba se vsazenym prlsvitnym
almandinem a perlami. Pravdépodobny import
z byzantskych Sperkafskych dilen byl objeven

v blizkosti hrobu 554 u 3. kostela v Mikulg&icich.

/ Fig. 48. Gold adornment with embadded translucent
almandine and pearls. This was likely an import from
the Byzantine jewellery workshops, it was discovered
near grave 554 near Church 3 in Mikul&ice.

dvou. Jako pfiklad Ize uvést mince. Pracovni postup zahrnoval vytvoreni
samostatnych digitalnich modeld pro obé strany mince. Prisekovou
fotogrammetrii se podarilo modely slozit v jeden celek (obr. 50).

Nejvétsi kol predstavovalo zpracovani artefakt( s pohyblivymi kompo-
nenty, konkrétné Slo o fetizkové nausnice. PFi kazdém pohybu to¢ny se
volné visici fetizky rozvibrovaly, spojovaci body se tim posunuly, a tak
vypocet modelu nebylo mozné provést. Jako nevhodné se ukazalo
i obchéazeni to¢ny s fotoaparatem v ruce, které rovnéz zplisobovalo
nezadouci proudéni vzduchu a pohyb jemnych zavéskd nausnic.
Nakonec fungovalo pfizplsobeni polohy pfedmétu tak, aby byly po-
hyblivé komponenty stabilizovany. Finalni digitalni kopie artefaktu se
tak ve skute¢nosti sklada z nékolika spojenych modeld jeho rdiznych
Gasti (obr. 51).

models for both sides and then putting them together using intersec-
tion photogrammetry (Fig. 50).

The greatest challenge was posed by artefacts with movable com-
ponents, namely chain earrings. Each time the turntable moved, the
loosely hanging chains vibrated, thus shifting the connecting points
and rendering the model calculation impossible. Another solution that
proved inefficient was to walk around the turntable with a hand-held
camera as this caused unwanted airflow and movement of the fine
earring pendants. What finally worked was adjusting the artefacts in
such a way that the movable components were stable. The final digital
copy of an artefact thus consists of several connected models of its
various parts (Fig. 51).
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Obr. 49. Zlata nausnice s deseti koSicky. Nalezena
byla v zenském hrobé& 250 u 3. kostela v Mikul€icich.
V réamci dokumentace vzniklo 514 metrickych snimk,
vysledny model byl nakonec vytvofen zkombinovanim
284 vhodnych zabérd.

/ Fig. 49. Gold earrings with ten basket beads
discovered in female grave 250 near Church 3 in
Mikulgice. A total of 514 metric images were created
as part of the documentation, from which 284 that
were suitable were combined into the model.

Obr. 50. Zlaty byzantsky solidus cisafe Michaela

I1l. Mince byla nalezena v hrobé& 480 u 3. kostela

v Mikul€icich. Jedné se o unikatni nalez byzantské
mince v kontextu velkomoravskych lokalit. 3D model
vznikl sestavenim dvou samostatnych modell na
zakladé odedteni Sesti identickych bodd propojujicich
obé strany mince.

/ Fig. 50. Gold solidus of Byzantine Emperor
Michael III. This coin was found in grave 480 near
Church 3 in Mikulgice. In the context of Great
Moravian sites, it is a unique discovery.

The 3D model was created by combining two
separate models by deducting six identical

points that connected the two sides

of the coin.
O30

s
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Obr. 51. Stfibrna nausnice s fetizky. Pochazi
pravdépodobné z rozru§eného hrobu v areélu
pohrebisté kolem 3. kostela. Pro dokumentaci
pohyblivych fetizkd jsme rozlozili ndusnici na pevnou
podloZku a nafotili jsme takto ukotveny artefakt z obou
stran a vice uhld.

/ Fig. 51. Silver earring with chains, which most
probably comes from a disturbed grave on the burial
site around Church 3 in Mikul&ice. To document the
movable chains, we spread the earring on a solid
surface and took photos of the artefact from both
sides and multiple angles.

I.6.2
Pokrocilé zobrazovani detailt

Vedle optimalnich dokumenta&nich podminek existuji i dalSi metody,
jak vizualizovat pfedmét tak, aby byly co nejlépe vidét vSechny detaily.
Ve virtualnim svété mizeme povrchu zajmového objektu prifazovat
nejriznéjsi vlastnosti, které original ve skuteé¢nosti nema. Riiznou
obménou virtualnich zdrojl svétla a definovanim toho, jak méa po-
vrch pfedmétu na svétlo reagovat, Ize napfiklad zvyraznit morfologii
a strukturu zkoumaného artefaktu. V digitalnim svété tak lze studovat
nejriznéjsi plastické zmény na povrchu, které nejsou za béznych
svételnych podminek na originalu patrné (obr. 52).

1.6.2
Advanced imaging of details

In addition to optimum documentation conditions, there are other
ways of creating a visualisation of an artefact so that all the details are
visible in the best possible quality. In the virtual world, it is possible
to assign the surface of the artefact properties that the original does
not actually have. By changing virtual light sources and defining the
reaction of a surface to light, one can accentuate the morphology and
structure of an examined artefact. In other words, the digital world
enables us to study various structural surface changes, which cannot
be observed in normal light conditions (Fig. 52).

Obr. 52. Parohovy hraci Zeton nalezeny v kontextu / Fig. 52. An antler game token found in the context
détského hrobu 251 u 3. kostela v Mikul€icich. of child’s grave 251 near Church 3 in Mikul¢ice.
Obtizné &itelnou animalni kompozici vyrytou na jedné There is an animal arrangement engraved on one
strané artefaktu je mozné zvyraznit pomoci spravné side of the artefact, which is difficult to read but
nastavenych virtualnich zdroja svétla. can be accentuated using correctly adjusted virtual

sources of light.




3D MODELY
VE SLUZBACH VEDY

3D MODELS
IN THE SERVICE OF SCIENCE

3D dokumentace archeologickych artefaktt
zefektiviuje jejich detailni vyzkum a chrani
originaly, ale nékdy je vhodné posunout vyslednou
vizualizaci jeSté dale. Tyka se to artefaktd, u kterych
je v ramci vyzkumu dulezité vidét jejich povrch

v celistvosti. Jde o pfedméty s celoploSnou

a komplikovanou vyzdobou, jakymi jsou ve
velkomoravském prostredi gombiky s tepanou
vyzdobou. Prohlidku celého povrchu gombiku

v

umoznuje rozvinuti jeho plaste.

.71
Kartograficka projekce v archeologii

S méficky prfesnym rozvinovanim povrchu kulovitého télesa ma nejvétsi
zkuSenosti obor kartografie, kde stoji v popfedi zajmu jiny objekt -
planeta Zemé. A pravé v tomto oboru jsme se inspirovali. Kulovitym
tvarem je planeta velmi podobné charakteristickym velkomoravskym
ozdobam — gombikdm. Gombiky jsou plechové duté artefakty pajené ze
dvou polokouli, opatfené ouskem a povrchovou vyzdobou. Exemplare
s tepanou vyzdobou dosahuji ¢asto znaénych rozméra (zpravidla
3 az 5 centimetrd v prdméru). Nachazeji se v hrobech nejéastéji v parech
a byly aplikovany na odév v oblasti klicnich kosti. Slouzily velkomoravské
elité jako symboly jejiho vysokého spoleéenského statusu.

Zkusili jsme plasté gombik( rozvinout pomoci kartografickych me-
tod, konkrétné prostfednictvim azimutalniho zobrazeni, s pouzitim
nahradniho valcovitého télesa a diky polyedrickému rozdéleni jejich
povrchu do klind nebo pasem (obr. 53). Kazda metoda ma své vyhody
a nevyhody. Pro vyzkum pravidelnosti a bezchybnosti vyzdoby jsme
vybrali jako optimalni Marinovo zobrazeni (tzv. ekvidistalni valcovou
projekci), pfi kterém jsou od sebe stejné vzdaleny hypotetické poled-
niky i rovnobézky rozvinuté do Useek. Nejvice odpovida tato projekce
skute€nosti ve stfedové vodorovné ¢asti kolem pomysiného rovniku,
tedy v mistech, kde se na gombicich zpravidla nachazi hlavni vyzdobny
pas. Smérem k ,polim" se zvySuje zkresleni. Pro vizualizaci zavésného
ouska a protilehlého ,p6lu” pouzivame doplrikové azimutalni zobrazeni.

3D documentation of archaeological artefacts
makes their detailed study more effective and
protects the originals, but sometimes it is
convenient to take the visualisation process
further. This applies to artefacts where the
research requires that their surface is seen in its
entirety. These include artefacts with complicated
decoration on an entire surface, such as Great
Moravian spherical hollow buttons (gombiky in
Czech) with chased decoration. The study of an
entire spherical hollow button is thus enabled
by unfolding its surface.

11.7.1
Cartographic projection in archaeology

Cartography provides the most experience in the survey-precise
unfolding of spherical surfaces, the focus of which is yet another
sphere - the planet Earth. This is where we drew inspiration from.
The spherical shape of planet Earth is similar to the characteristic
shape of the Great Moravian spherical hollow buttons, called gombiky
(gombik in singular). Gombiky are hollow metal artefacts soldered
from two hemispheres with surface decoration and a loop attached.
Specimens with chased decoration are often quite large - usually
3to 5 centimetres in diameter. They are found in graves, chiefly in pairs,
positioned around the clavicles. They served the Great Moravian elite
as symbols of high social status.

We unfolded the surfaces of the gombiky using the cartographic meth-
ods of azimuthal projection, cylindrical projection and the polyhedral
division of the surface into zones or gores (Fig. 53). Each method has its
advantages and disadvantages. To assess the regularity and flawless-
ness of the decoration, we chose Marinus' projection (equirectangular
projection), which maps meridians to vertical straight lines of constant
spacing, and circles of latitude to horizontal straight lines of constant
spacing. This projection is the closest to reality in the central horizontal
part around the notional equator, which is in the places where the main
decorative strip can usually be found on the artefacts. The distortion
rises towards the poles. This is why we additionally visualise the hanging
loop of the gombik and the opposite pole using azimuthal projection.
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Obr. 53. Rozvinuti plastt gombikd s pomoci
kartografickych metod. Projekci na vélcovité téleso,
pfi které dochazi ke zkresleni rdznych ¢asti povrchu,
zastupuje Mercatorovo (a) a Marinovo zobrazeni (b).
Nezkreslujici metodou jsou polyedricka rozdéleni
povrchu na kliny nebo pasy (Sphere Zone Method - c,
Sphere Gore Method - d), ale pfi tomto znazornéni
zase zanika komplexni zobrazeni vyzdobného
ornamentu. Azimutalni pohled (e) predstavuje vysec
artefaktu na jeho hypotetickych ,pdlech”.

/ Fig. 53. Unfolding the surface of the spherical
hollow button using cartographic methods. Cylindrical
projection, which distorts some parts of the surface,

is represented by the Mercator (a) and Marinus’ (b)
projections. Polyhedric surface division into segments
or bands does not distort the image (Sphere Zone
Method - ¢, Sphere Gore Method - d) but neither
does it provide a complex depiction of the decorative
ornament. The azimuthal projection (e) displays a slice
of the artefact at its hypothetical poles.

1.7.2
Rozvinuti plastd gombikd

Rozvinuti plastd gombikd je metoda zndmé uz od 50. let 20. stoleti,
kdy se pouzivala idealizovana schematicka kresba vyzdoby. Vyzkum
gombikl zaloZeny na srovnani individualnich detaild ale umoznilo az
pouziti fotogrammetrické dokumentace. Metoda rozvinuti 3D modell

gombikd slouzi k bliz§imu poznani vyrobniho procesu a k odhaleni
chyb &i nepfesnosti tepané vyzdoby (obr. 54, 55). RemeslIna kvalita
gombiku jako symbolu velkomoravskych elit je pfitom velmi dilezita
pro ovérovani socioekonomickych modell a chronologickych otazek.

Metodu dale pouzivame pfi rozhodovani, zda gombiky se shodnou
tepanou vyzdobou nalezené v riznych hrobech v rdmci mikul&ické
aglomerace pochazeji z jedné pivodni dvojice 8perku. Doposud jsme
testovali pét potencialnich pard gombikd nalezenych v osmi hrobech
na Sesti pohrebistich odkryvanych postupné od roku 1957 do roku 2004
v rdmci aglomerace MikulGice—Kopd&any. U t¥i zkoumanych péart se
Ize dlivodné& domnivat, Ze mohlo jit o sou¢asné a zamérné vyrobenou
dvojici, uloZzenou ale nasledné do rdznych hrobd. Dal$i dvojice vyka-
zuji obdobny ornament, ale vyrazné rozdily v kvalité a jeho detailnim
provedeni, a nelze je tedy oznacit za spoleéné zamérné vyrobenou
dvojici (obr. 56).

Obr. 54. Gombik z pozlacené slitiny médi

s geometrickym ornamentem. Pochazi z hrobu 42/VI
u 6. kostela. Mezi schematickou kresbou ze 70. let
20. stoleti a rozvinutim plasté 3D je vidét markantni
rozdil. Teprve po rozvinuti 3D modelu byly

odhaleny dvé chyby ve vyzdobg, které pfi bézném
pozorovani nebyly patrné a ani schematicka kresba
je nezachycuje. Prvni chybou je $patné rozvrzeni
povrchu, druhou chybou je jemnéjsi zahloubeni
jednoho ze svazk( ryh.

/ Fig. 54. Gombik made of gold-plated copper alloy
with geometric ornament, which comes from grave
42/VI near Church 6. There is a significant difference
between the 1970s schematic drawing and the model
based on surface unfolding. Only after unfolding the
3D model was it possible to discover two decoration
flaws, which were not normally visible and went
unrecorded on a schematic drawing. The first is

the poor layout and the second is the shallowness of
one of the groups of parallel lines.

1.7.2
Unfolding the surface of gombiky

The unfolding of the spherical hollow button’s surfaces is a method
known since the 1950s when an idealised schematic drawing of the
decoration was used. However, a study of gombiky based on com-
paring individual details was only possible due to photogrammetric
documentation. This method serves for a closer understanding of
the production process and the detection of flaws or inaccuracies in
the chased decoration (Fig. 54, 55). The assessment of craftsman-
ship in gombiky, the symbols of Great Moravian elites, is crucial for
the verification of socioeconomic models and chronological issues.

We also use this method to decide whether spherical hollow buttons
with identical chased decoration found in different graves within the
Mikul&ice agglomeration belonged to the same pair. To date, we have
tested five potential pairs of gombiky, which were found in eight graves
at six burial grounds in Mikul&ice and Kop¢any that were excavated
from 1957 to 2004. Three of the examined pairs can be reasonably as-
sumed to have been manufactured contemporaneously and intention-
ally as a pair, which was later deposited in different graves. Although
other pairs contain similar ornament, there are significant differences
between the quality and detailing and thus they cannot be described
as contemporaneously and intentionally manufactured pairs (Fig. 56).

(a)

(b)

(c)




Obr. 55. Stfibrny gombik s tepanym rostlinnym
ornamentem, ktery byl objeven v hrobé 343

u 3. kostela. Na povrchu artefaktu jsou dobre patrné
vyrobni stopy. Jedna se o vyryté linie, kterymi si
Sperkar rozvrhl vyzdobu predtim, nez ji zacal tepat.
Rozvinuti plasté poslouzilo k vyzkumu presnosti
rozvrzeni vyrobnich stop.

/ Fig. 55. Silver gombik with a chased plant
ornament, which was discovered in grave 343 near
Church 3. The surface bears production marks.
These are lines engraved on the surface that helped
the jewellery-maker to divide the surface before
chasing. The unfolding of the surface of the gombik
helped us to study the accuracy of the layout of

the production marks.

Obr. 56. Piiklad pravdépodobné rozdéleného pivodniho
paru gombik( versus pfiklad dvojice gombiku

s obdobnym ornamentem, které k sobé ale nikdy
nepatfily. Rozdéleny par (a) pfedstavuji pravdépodobné
gombiky nalezené v hrobé 420b u 2. kostela (objeveny
v roce 1958) a v hrobé 550 u 3. kostela (objeveny v roce
1957), které od sebe byly vzdaleny 100 metr(. Rozvinuti
plastd 3D modeld i nasledna vyrobné-technologicka
analyza prokéazaly, Ze byly vyrobeny shodnym
zplisobem. Naopak podobné artefakty z hrobu 42/VI

u 6. kostela (objeveny v roce 1960) a z hrobu 3 u kostela
sv. Margity na Gzemi slovenskych Kopé&an (objeveny

v roce 2004), které byly od sebe vzdaleny 1 595 metrd,
nevykazuji obdobny charakter zpracovani (b). Gombik
nalezeny u 6. kostela ma precizné&ji rozvrzenou vyzdobu,
jemnéjsi stopy po nastrojich a ornament dodrzuje
pravidelny rytmus stfidani linii. Na gombiku od kostela
sv. Margity je vyzdoba méné pravidelna s porusenym
stfidanim rytych linii a artefakt byl vyroben néastrojem

s $ir8i pracovni stopou.

/ Fig. 56. An example of a probably divided pair of
buttons versus an example of two buttons with a similar
ornament which never belonged together. The divided
pair (a) consists probably of a gombik found in grave
420b near Church 2 (discovered in 1958) and another
that was found in grave 550 near Church 3 (discovered
in 1957), which were 100 metres apart. The unfolding the
surface of 3D model and analysis of the technology and
production process has shown that they were produced
identically. On the other hand, the artefact from grave
42/VI near Church 6 (discovered in 1960) and the one
from grave 3 near the Church of St Margaret in Kop&any,
Slovakia (discovered in 2004), which were 1,595 metres
apart, do not show any similarities in the way they were
produced (b). The decoration on the gombik found near
Church 6 is more precisely laid out, has finer traces

of tools and the ornament follows a regular rhythm

of changing lines, while the decoration on the gombik
found near the Church of St Margaret is less regular,
has a broken pattern of alternating engraved lines and
was made with a tool with a wider tip.
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Velkomoravské Mikul€ice virtualné. Nové pohledy oteviraji prostor novym
objeviim / Great Moravian Mikul€ice virtually. A new perspective enables
new discoveries

Polacek 2014b; Polacek 2014c; Polacek 2016; Polacek 2018b;

Polagek et al. 2021a

Kvalitni dokumentace jako zaruka uchovani vyzkumnych dat /
Professional documentation - A guarantee of preserving research data
Hladik, Mazuch, Pola¢ek 2019; Mazuch, Hladik 2020; Polacek 2014a;
Polagek 2014d; Polagek et al. 2021a; Sindelaf et al. 2020

Vizualizace zaniklych staveb / Visualisation of derelict buildings
Koneény 1978; Kone&ny sest. 2009; Pojsl 2014; Polacek 2014a;
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Krupigkova, Ottenwelter, Polagek v tisku / in press; Koufil ed. 2014a;

Koufil ed. 2014b
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The importance of 3D artefacts: Attractiveness, protection and science
Koutil ed. 2014a; Koufil ed. 2014b; Sindelat, Polaéek, Krupikova 2019

Obtizné dokumentovatelné artefakty /
Artefacts that are difficult to document
Koufil ed. 2014a; Koufil ed. 2014b; Sindelat, Polagek, Krupigkova 2019

3D modely ve sluzbach védy / 3D models in the service of science
Krupi¢kova 2020; Krupickova 2022
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VELKOMORAVSKE MIKULCIQ'E

VIRTUALNE

NOVE POHLEDY OTEViRAJi PROSTOR NOVYM OBJEVUM

VYZKUMNA ZAKLADNA ARUB / MIKULCICE-TRAPIKOV

25. 8. - §1. 10, 2022

Vystava je jednim z vystupt projektu Virtualni védecky model velkomoravskych Mikuléic jako systém interaktivni dokumentace, prezentace a archivace dlouholetého
systematického archeologického vyzkumu, financovaného Ministerstvem kultury v ramci programu NAKI Il (DG18P020VV029).

Realizaci vystavy podpofila Akademie véd Ceské republiky

SLOVANSKE

Ll Archeologicky st j Akademie véd K™
I‘ R J ? A{/cé;?eiif e C Q Ceské republiky E’ ::::Ls._‘g‘.c,c

VYSTAVA
VELKOMORAVSKE MIKULCICE VIRTUALNE

EXHIBITION
GREAT MORAVIAN MIKULCICE VIRTUALLY

Misto a doba trvani: Vyzkumna zékladna Archeologického Ustavu
AV CR, Brno, Mikul&ice-Trapikov, 25. 8. - 31.10. 2022 (prvni instalace)
Autofi vystavy: Lumir Polagek, Jiti Sindelar, Sarka Krupigkova
Architektka a autorka grafického FeSeni: Barbora Tesafova
Realizace a stavba: Expogon

Autor fotografii: Matous$ Barta

Location and duration: Research Base of the Czech Academy

of Sciences, Institute of Archaeology, Brno, in Mikul&ice-Trapikov,
25th August - 31st October 2022 (the first installation)

Authors of the exhibition: Lumir Polagek, Jifi Sindelaf,

Sarka Krupickova

Architect and graphic designer: Barbora Tesafova

Execution and construction: Expogon

Photographer: Matous$ Barta

Vystava byla koncipovana jako sedm samostatnych box, pfedstavuji-
cich postupné lokalitu, terénni vyzkum, a vybrané elitni hrobové nélezy,
zejména Sperky a odévni soudasti.

The conception of the exhibition consisted of seven separate boxes,
representing consecutively the site, excavations and selected elite
grave finds, especially jewellery and clothing components.




Informace v boxech nesla tisténa grafika, ale byly rovnéz nazorné ko- The information in the boxes was given on printed graphics and also
munikovany prostfednictvim videorameckl a obrazovek umisténych communicated through tablets and screens placed inside the boxes.
uvnitf boxd. Stavby i artefakty byly vizualizovany formou 3D model( Buildings and artefacts were visualised in the form of 3D models
a animaci. and animations.

|, kdy se poy-
ki zakoge M e
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Ve dvou boxech nahradila klasickou obrazovku holograficka vitrina.
Prostfedni, étvrty box byl koncipovan jako prostor pro holografickou
projekci na rotaénim projektoru.

In two boxes, a holographic showcase replaced the classic screen.
The central, fourth box, was designed as a space for holographic
projection on a rotary projector.
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Haptickou slozku vystavy predstavovaly dva vytisky gombiku na 3D tis- The haptic component was represented by two models of the button
karné. Vystavu doplfovala prezentace hrobu formou rozsifené reality on a 3D printer. The exhibition was complemented by a presenta-
a velkoplo$na videoprojekce. tion of the grave in the form of augmented reality and a large-scale
video projection.
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SLOVNIK VYBRANE TERMINOLOGIE

3D laserové skenovani
Bezkontaktni metoda 3D dokumentace. Jde o neselektivni uréovani prostorovych
souradnic objektu a jejich ukladani do paméti. Provadi se pomoci tzv. laserového
skeneru automaticky podle pfedem nastavenych parametru a je fizeno
jednoduchym pocitaéem. Vysledkem laserového skenovani je tzv. mraéno bodd,
které vérohodné kopiruje povrch dokumentovaného objektu.

Ctvercova sit
V archeologii se jedna o vyty&eni plochy terénniho vyzkumu v podobé &tvercl
métické sitd. Ctverce maji zpravidla rozméry 5 x 5 metr( a v terénu mohou byt
oddéleny kontrolnimi bloky zeminy. VeSkeré terénni kontexty a artefakty jsou
prostorové vztahovany k ¢islu daného &tverce.

Digitalni kopie
Predmét zajmu prevedeny z redlného svéta do svéta Ciselného. V digitalnim
prostfedi vytvofena kopie objektu, kterad pfesné odpovidéa tvarem, velikosti, barvou
apod. originalu. Digitalni kopie je v zakladu pfesnou 3D dokumentaci konkrétniho
redlného objektu. Mlze byt prostifednictvim metadat dopInéna o celou fadu
dal8ich informaci (definovani fyzikalnich vlastnosti, nastaveni interakce povrchu
s vnéjsimi vlivy, analytické informace, jako jsou materiélové slozeni, provenience
pouzitych material(, technologicky vyrobni postup, uréeni stafi atd.).

Geograficky informaéni systém (GIS)
Pocitacovy systém, ktery umoznuje ukladat, spravovat, vizualizovat a analyzovat
prostorovéa data vztazena k mapovanym objektdm. UmozZiiuje propojeni polohy
s dal&imi zdroji dat popisujicimi také neprostorové vlastnosti objekt.

Globalni navigaéni satelitni systémy (GNSS)
Metoda umoznujici za pomoci druzic autonomni prostorové uréovani polohy
s celosvétovym pokrytim. Funguje na bazi radiovych pfijimaci, které vypoditaji
na zéakladé signald odeslanych z druzic svou polohu (dnes nej¢asté&ji mobilni
telefony). Alternativni oznaéeni jsou globalni druZicovy polohovy systém nebo
satelitni navigace.

Holografie
Metoda, kterd umoziiuje pomoci dvojrozmérného nosice obrazového zdznamu
vizualizovat zdanlivé trojrozmérné objekty. Nazev pochazi z feckého slova
holos - uplny.

Inventar
Slouzi k dlouhodobé evidenci nalezu po jejich konzervatorsko-restauratorském
oSetfeni. Inventarni &islo identifikuje kazdy pfedmét jednoznaéné a jedinecné.
V klasické podobé mikul&ické dokumentace bylo inventarni &islo dvojdilné —
poradové &islo bylo lomeno rokem inventarizace (napf. 1/58), dnes se sklada
ze tifi ¢asti: Cisla zkoumané plochy, ¢isla terénniho kontextu a pofadového &isla
predmétu (napt. 119/45/1). V klasickém mikuléickém inventari byl kazdy predmét
vybaven struénym popisem se zakladni druhovou, tvarovou a materidlovou
charakteristikou a byl doplnén jednoduchou kresbou; nechybély udaje
o nélezovych okolnostech, pfipadné o misté ulozeni v depozitéfi. Inventare mély
dfive podobu svazanych knih usporadanych po letech a svazcich, dnes maji
digitalni podobu propojenou s databazemi a nalezovymi zpravami.

Jednosnimkova fotogrammetrie
Bezkontaktni méfickd metoda vhodné pro plo§nou dokumentaci méné &lenitych
povrchd. Méfeni neprobiha na pfedmétu zajmu, ale na jeho fotografiich.
Metoda je pouzitelna pouze pro pfedmét méreni rovinny nebo roviné blizky.
Zdroj informaci jsou jednotlivé fotografie. Vystupem byva zpravidla tzv.
ortofoto - tj. georeferencované ortografické zobrazeni (fotografie = stfedovy
primét, ortografické zobrazeni - ,deformace fotografie* do pravouhlého
primétu), pfipadné fotoplan (obraz polohopisu vznikly prekreslenim
transformovanych snimku).

TERMINOLOGICAL DICTIONARY

3D laser scanning
A non-contact 3D documentation method. This is the non-selective determination
of the spatial coordinates of an object and its storage in memory. It is done
automatically by a laser scanner based on pre-set parameters and is controlled
by a simple computer. The result of laser scanning is a point cloud that reliably
follows the surface of the documented object.

Grid system
In archaeology, the excavation area is divided into square units that constitute
a grid. The squares are usually 5 x 5 meters large. They are sometimes separated
in the field by a freestanding wall of earth known as a baulk. Spatially, all contexts
and artefacts are linked with the number of the square.

Digital copies
The physical reality of an artefact transferred into a system of numbers. A copy
of an object created in the digital environment that corresponds with the shape,
size, colour and other properties of the original. A digital copy is the exact
3D documentation of a real artefact. Using metadata, it can be amended with
many more items of information (physical properties, surface interaction with
external influences) and analytical information such as material composition,
provenance of material, production process technology and dating.

Geographical information system (GIS)
A computer system that enables the storage, management, visualisation and
analysis of spatial data linked with mapped objects. It allows us to link the
position with other data sources that describe other than spatial properties.

Global navigation satellite systems (GNSS)
A method with global coverage that allows autonomous spatial positioning using
satellites. This is based on radio receivers (nowadays usually mobile phones) that
calculate their position based on signals sent from satellites. Alternative labels
are global satellite positioning system or satellite navigation.

Holography
Holography is a method that generates 3D images using a 2D record carrier.
Its name is derived from the Greek word holos - whole.

Inventory
The inventory serves for the long-term storage of finds after conservation
and restoration. Each artefact is identified uniquely and unambiguously by an
inventory number. In Mikulgice, the early inventory numbers had two parts -
a serial number slash year of inventorisation (e.g. 1/58); today they have three:
the number of the excavated area, the context number and the serial number
of the artefact (e.g. 119/45/1). In the early Mikul&ice inventory, each artefact was
fixed with a brief description with a basic characteristic of type, form and material
and was supplemented by a simple drawing, as well as information on discovery
circumstances and its place in the depository. Early inventories had the form
of bound books arranged by years and volumes, while today they are in a digital
format and are linked with databases and excavation reports.

Single-image photogrammetry
A non-contact survey method suitable for the documentation of less complex
surfaces. It is not the subject that is measured, but its photographs. The method
is only applicable to flat or almost flat surfaces. The sources of information
are photographs. The output is usually called an orthophotograph, which is
a georeferenced orthographic image (a photograph shows a central projection
while an orthogonal projection is a “deformation of the photograph” in an
orthogonal projection). Another output is a photoplan, which is a topography
captured by the drawing of transformed images.
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LIDAR
Metoda dalkového (bezkontaktniho) méreni vzdalenosti na zakladé vypoctu doby
Sifeni pulsu laserovych paprskd, které se odrazeji od povrchu snimaného objektu.
Vystupem mize byt 3D model snimaného povrchu. Zkratka angl. Light Detection
and Ranging, ¢esky se pouziva oznaceni systém laserového skenovani.

Multispektralni snimkovani
Metoda, pfi které se méri mnozstvi elektromagnetického zareni vyzafovaného
nebo odrazeného zemskym povrchem. Vyslednymi daty jsou pak multispektralni
snimky, které zobrazuji specifické fyzikalni vlastnosti rdznych ¢asti povrchu.

Nalezovy denik
Nalezovy denik zajidtoval prvotni dokumentaci nalezt provadénou bezprostiedn&
po jejich vyzvednuti v terénu, respektive po jejich roztfidéni na jednotlivé
materialové skupiny (stfepy, kosti, jednotlivé kovové nalezy, vzorky apod.).
Nalezové ¢islo obsahovalo informaci o pfiblizné lokalizaci nalezu/nalezového
souboru v rdmci lokality, ¢tverce 5 x 5 metrd o hloubce nélezu od povrchu terénu
a o charakteru odpovidajici vrstvy/kontextu. Klasické nalezové &islo v Mikulgicich
bylo dvojdilné (obsahovalo pofadové &islo lomené rokem vyzkumu) a byl mu
prediazen tzv. lokalizaéni kéd uréujici pfiblizné polohu vyzkumu v rdmci celé
lokality (napf. P 1/62). Dnes je nalezové &islo vdzané na konkrétni prozkoumanou
plochu a terénni kontext.

Ortofotografie
Grafické znazornéni plochy zajmu (mize to byt cokoliv, co je definovano né&jakou
rovinou, terén, polohopis lokality, plocha sondy, profil v sondé, fasdda domu, lic
zdi, konkrétni plocha artefaktu atd.). Vznika jako produkt z fotogrammetrie. Jde
o prevod ze stfedového promitani (fotografie) do zobrazeni pravouhlého (plan).

Ortogonalni metoda
Méricka metoda, pfi niz se podrobné body zaméruji pravothlymi soufadnicemi -
tzv. stani¢eni a kolmici k méfické pfimce. Stani¢eni je délka méfena od pocatku
po méfické pfimce a kolmice je kolmé vzdalenost uréovaného bodu od méfické
primky. Méricka pfimka je na zacatku méreni jasné definovana dvéma znamymi
body v prostoru méreni. Od bodu ,A" (pocatek mérické primky) méfime staniceni.

Polarni metoda
Meérickd metoda pro zaméreni polohopisu a vy$kopisu z jednoho mista. Poloha
bodu je uréovana pomoci Ghlu a vzdalenosti od stanoviska (znamého bodu
v prostoru) na nové uréované body. Uhel je mé&fen mezi orientaénim smérem
(pomyslnéa pfimka od stanoviska na druhy znamy bod v prostoru) a smérem na
uréovany bod (pomysIna pfimka mezi stanoviskem a nové uréovanym bodem),
vzdalenost je odeditdna mezi stanoviskem, na némz stoji méfici pfistroj,
a uréovanym bodem.

Protinani vpred
Jednoducha méficka metoda. MUze byt metoda protinani vpied z délek, kdy
se méfi délky ze dvou, pfipadné vice znamych stanovisek na neznamy bod.
Protnutim vynesenych kruznic ze stanovisek o poloméru zmérenych délek pak
definujeme polohu nového bodu. Maze byt také metoda protinani vpied z uhld.
Tato metoda je nejCastéji vyuzivana pii méfeni nepfistupnych (pfipadné $patné
pfistupnych) bodu. Jde tedy potom o metodu nepfimou, pfi niz je poloha nového
bodu ziskéna jako prisedéik dvou orientovanych smérd vytyéovanych z dvojice
vychozich (znamych) bodd.

Prozkoumana plocha
Prozkoumana plocha predstavuje v dokumentaci mikuléického vyzkumu terminus
technicus. Slouzi k oznaceni kazdé souvisle zkoumané plochy, resp. odpovidajici
terénni akce. Zkoumané plochy v Mikul&icich jsou definovany jednak popisnym
oznadenim (napf. plocha P 1962-68, oznadéeni skladajici se z lokalizaéniho kodu
a Udaje o vro¢eni vyzkumu), jednak ¢iselnym kédem (poradovym ¢Eislem od
zadatku vyzkumu v Mikul&icich; v daném pfipadé &. 16). ,Prozkoumané plocha*“
predstavuje zakladni prostorovou a organizaéni jednotku terénniho vyzkumu
v Mikul&icich. Aktuéalné dosahuje fada prozkoumanych ploch ¢&isla 124.
RozSirena realita
Jedna se o princip, kdy je virtualni objekt montovany do kulisy redlného svéta.
Déje se tak zpravidla prostiednictvim vhodného zobrazovaciho zafizeni (telefon,
tablet) s nainstalovanou specialni aplikaci.
RozSifena virtualita
Pojem vyjadfujici realny objekt zobrazeny ve virtualnim svété.
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LIDAR
A remote (non-contact) sensing method to measure a distance by targeting
a surface with a pulsed laser and calculating the time for the reflected light to
return to the receiver. The output is a 3D model of the imaged surface. Short for
Light Detection and Ranging.

Multispectral imaging
A method of measurement where the amount of electromagnetic radiation
emitted or reflected by the surface of the Earth is measured. The results of this
method are multispectral images that display specific physical properties
of different parts of the given surface.

Logbook of the finds
A logbook served for the early documentation of finds, immediately after their
collection in the field, or better, after their classification into individual material
groups (sherds, bones, individual metal finds, samples, etc.). A find number
included information on the approximate location of the find/assemblage within
the site (the 5 x 5 metres square, the depth of discovery from the surface and
the character of the layer/context). The early find numbers in Mikul&ice had two
parts (a serial number slash excavation year) and were given a localisation code,
which determined the approximate findspot within the site (e.g. P 1/62). Today,
find numbers are linked to excavated areas and context.

Orthophotography
Graphical representation of an area (anything defined by a flat surface: a terrain,
site topography, bottom of an excavated unit, profile of an excavated unit, fagade
of a house, front of the wall or a specific area of an artefact) and is a product
of photogrammetry. This is a conversion from a central projection (photograph)
to an orthogonal projection (a plan).

Orthogonal method
A surveying method where the points are defined by orthogonal coordinates -

with a perpendicular to the survey line. “Stationing” is the distance from a starting

point along the survey line and the perpendicular is the distance of the point
from the survey line on a perpendicular. The survey line is clearly defined at
the beginning of the measurement by two known points in the surveyed area.
We start our “stationing” from point “A”, which defines the survey line.

Polar method
A measurement method for surveying topography and elevation from a single
spot. The position of the points is determined by the angle and distance from
the position (a known point in space) to the determined points. The angle
is measured between the orientation direction (an imaginary line from the
position to a second known point in space) and the direction of the determined
point (a notional line between the position and the determined point); the
distance is taken between the position of the measuring instrument and the
determined point.

Intersection mapping
A simple surveying method. There is the length intersection mapping method
where the lengths of two or more known positions determine an unknown point.
By intersecting the plotted circles, the radiuses of which correspond to the
measured lengths, the position of a new point is defined. There is also angle
intersection mapping. This method is usually used to measure inaccessible
(or hard-to-reach) points. It is thus an indirect method whereby the position
of a new point is the intersection of two oriented directions drawn from a pair
of known points.

Excavated area
In the MikulCice research, the excavated area is a term of its own. It describes
each continuously examined area or a corresponding fieldwork event.
The excavated areas are defined by a description (e.g. area P 1962-68: the
denotation consists of a localisation code and the dating of the excavation)
or by a numerical code (serial number from the beginning of the Mikul&ice

excavations). The “excavated area” is a basic spatial and organisational unit of the
Mikulg&ice fieldwork. Currently, the numerical series of excavated areas ends with

the number 124.

Augmented reality
A montage of a virtual object into a real-world backdrop. It is usually done using
a suitable device (phone, tablet) by means of a special application.

SmiSena realita

ZastreSujici pojem pro vSechny typy pod&itaCoveé upravené nebo vytvorené reality.
Alternativni oznaéeni je mixovana realita. V praktické roviné mdze jit o pouziti
specifickych technickych zafizeni, kterd umoziiuji spojeni riznych typ( reality.

Soufadnicovy systém JTSK

Jednotna trigonometricka sit katastralni (JTSK) je sit geodetickych bod( na izemi
byvalého Ceskoslovenska, budovana v letech 1920-1957. Tato sit je geodetickym
zakladem pro Systém jednotné trigonometrické sité katastralni.

Soufadnicovy systém JTSK/S-JTSK

Jednotna trigonometricka sit katastralni (JTSK) je sit geodetickych bodl budovana
na tizemi Ceskoslovenska v letech 1920-1957. Tato sit se stala zakladem pro
soucasny Systém jednotné trigonometrické sité katastraini (S-JTSK). Jedna

se o pravothlou soufadnicovou sit pouzivanou v geodézii na izemi Ceské
republiky a Slovenska pro zemémérické prace v civilnim sektoru. Vznik sité byl
motivovan snahou usnadnit geodetické vypoéty zavedenim takového pravouhlého
soufadnicového systému, v némsz by se celé tzemi Ceskoslovenska nachazelo

v prvnim kvadrantu, a mélo tedy obé souradnice kladné.

Terénni kontext/Kontext

V terénni archeologii se jedna o prostorovou (stratigrafickou) jednotku vyzkumu
(vrstvu), ktera by méla odpovidat jedné konkrétni aktivité v pavodni zivé kultufe
lokality. Kontext propojuje nélezovou situaci s odpovidajicimi nélezy, vzorky apod.
Je tak zakladni jednotkou terénni dokumentace i evidence nalez(.

Totalni stanice

Zeméméficky pfistroj pro méfeni a registraci hodnot vodorovnych Ghld, vy$kovych
uhld, vzdalenosti a jejich prepocet na pravouhlé soufadnice. Vznikl spojenim
teodolitu, elektronického dalkoméru a jednouéelového podéitace do jednoho
celku. V archeologii se pouziva pro kompletni prostorové a vySkové zaméreni
terénniho vyzkumu - od vyzkumné plochy jako celku po jednotlivé nalezy.

Vicesnimkova fotogrammetrie

Bezkontaktni méfickd metoda pro planovou rekonstrukci tvard, méreni rozmér

a ur¢ovani polohy predmétl, které jsou zobrazeny na fotografiich. Méfeni se
neprovadi na samotném objektu zajmu, ale na fotografiich onoho predmétu.
Metoda vyuziva vzdy nejméné dvou piekryvajicich se snimkd, jejichz polohu zname,
a mizeme tak dopogitat prostorovou polohu zobrazovaného predmé&tu (v pfipadé
mikuléického vyzkumu pracujeme se tyfmi prekryvajicimi se snimky). Vyznamnym
posunem proti jednosnimkové fotogrammetrii je vystup v podob& 3D model(.

Videogrammetrie

Obdoba fotogrammetrie; zdrojem pro vypocty zde vSak nejsou fotografie,
ale videozaznam.

Virtualni realita

Jedné se o kompletné uméle vytvofeny svét za pouziti digitalni techniky.
K umocnéni emocionélniho zazZitku se pouzivaji specialni bryle, které uzivatele
zdanlivé pfenesou do virtualniho svéta.

Vinova délka osvétleni

Svétlo je elektromagnetické zafeni charakterizované vinovou délkou a frekvenci.
Tyto veliginy uréuji barvu svétla a také vymezuji interval svétla viditeIného.
Pfedméty reaguji odli$né na rlizné vinové délky svétla, kterému jsou vystaveny.
Toho Ize dobfe vyuzit p¥i méfické dokumentaci problematickych povrchu.

Vyskovy systém Bpv

Balt(sky) po vyrovnani (Bpv) je pojmenovani pro mezinarodni vy§kovy systém, ve
kterém je vychozim bodem (tedy bodem s nulovou nadmofskou vyskou) nula na
vodoctu umisténém na biehu Baltského more ve mésté Kronstadt (Névsky zaliv

u Petrohradu, Rusko). Systém byl u nas zaveden v r. 1957. Systém je dale definovan
souborem normalnich vyS8ek z mezinarodniho vyrovnani nivelaénich siti.

Augmented virtuality
A real object displayed in a virtual world.

Mixed reality
An umbrella term for all types of computer-modified or created reality. In practical
terms, it may include the use of specific technical equipment that connects
different types of reality.

JTSK coordinate system
In Czech, JTSK stands for unified trigonometric cadastral network and is
a network of geodetic points built between 1920 and 1957 on the territory
of former Czechoslovakia. This network is a geodetic platform for the Uniform
trigonometric cadastral network system.

JTSK/S-JTSK coordinate system
In Czech, JTSK stands for unified trigonometric cadastral network and is
a network of geodetic points built between 1920 and 1957 on the territory of
former Czechoslovakia. This network become the foundation for the current
Uniform trigonometric cadastral network system (S-JTSK) and is an orthogonal
coordinate network used in surveying on the territory of the Czech Republic and
Slovakia for land surveying works in the civil sector. The building of the network
was motivated by the attempt to simplify geodetic calculations by introducing
an orthogonal coordinate system in which the entire territory of Czechoslovakia
would be in the first quadrant and thus have two positive coordinates.

Field context/Context
In archaeological excavation, it is a spatial (stratigraphic) research unit (layer),
which corresponds to a single specific activity in the original living culture at the
site. The context links the excavated layer with corresponding finds, samples, etc.
It is thus the basic excavation unit of field documentation and records of finds.

Total station
A survey instrument for measuring and recording horizontal and vertical angles,
distance and their conversion to rectangular coordinates. It is a combination
of a theodolite, an electronic rangefinder and a dedicated computer into a single
unit. In archaeology, it is used for complex spatial and elevation surveying
of excavations - from the site to individual finds.

Multi-image photogrammetry
A contactless measurement method for creating plans with the reconstruction
of shapes, and for measuring dimensions and determining the position
of objects shown in photographs. Measurements are not taken on the objects
but on their photographs. The method uses at least two overlapping images
with known positions to calculate the position of the depicted object (in the
Mikul€ice research, we work with at least four overlapping images). The output is
a 3D model, while in single-image photogrammetry it is 2D.

Videogrammetry
A variant of photogrammetry where the source for calculations is video footage.

Virtual reality
A completely artificial world created with the use of digital technology. A special
headset is used, which take the users to the virtual world and make the
experience more emotional.

Lighting wavelength
Light is electromagnetic radiation of a certain wavelength and frequency.
These quantities determine the colour of light and delimit the interval of visible
light. Objects react differently to different wavelengths. This can be used in the
documentation of problematic surfaces.

Baltic Vertical Datum
The Baltic Vertical Datum — After Adjustment is an international altitude system
with the zero altitude point at the Baltic Sea shore in Kronstadt (Neva bay near
St Petersburg, Russia). In the Czech Republic, the system was introduced in 1957.
It is further defined by a set of normal heights from an international adjustment of
levelling networks.
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DMRG 5G CUZK; map base Digital relief model of

the Czech Republic 5th generation 2020 © State
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www.cuzk.cz. Graphics by Z. Tuka/Atelier Zidlicky;
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Foto Krej&i 1960. Archiv Archeologického ustavu

AV CR, Brno, v. v. i., 8. negativu N 9753_15.
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Photo by Krej¢i 1960. Archive of the Czech Academy
of Sciences, Institute of Archaeology, Brno,

negative No. N 9753_15.
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Obalka knihy Polacéek, L. et al. 2021a.
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Book cover Polacek, L. et al. 2021a.
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Foto J. Sindelaf 2012. Grafika Z. Pavkova.
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Photo by J. Sindelar 2012. Graphics by Z. Pavkova.
After Polacek 2016, 13, obr. 1.

Obr. 11
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Graphics by Z. TukaAtelier Zidlicky; Z. Pavkova.
After Polacek et al. 2020, 113, 140, Fig. 69.

Obr. 12

Kresba Kuda 1955. Archiv Archeologického Ustavu

AV CR, Brno, v. v. i. Prozkoumana plocha &. 2, &tverec
A2, kresba ¢&. 27.

/ Fig. 12

Drawing by Kuda 1955. Archive of the Czech Academy
of Sciences, Institute of Archaeology, Brno. Excavated
area No. 2, trench A2, plan No. 27.

Obr. 13

Kresba Kuda 1955. Archiv Archeologického Ustavu

AV CR, Brno, v. v. i. Prozkoumana plocha &. 2, &tverec
B2, kresba ¢. 46.

/ Fig. 13

Drawing by Kuda 1955. Archive of the Czech Academy
of Sciences, Institute of Archaeology, Brno. Excavated
area No. 2, square B2, plan No. 46.

Obr. 14

Kresba, autor neznamy, 1958 (xerokopie). Archiv
Archeologického ustavu AV CR, Brno, v. v. i. Zkoumana
plocha &. 6, &tverec 30/-7, plan &. 2.

/ Fig. 14

Drawing, author unknown, 1958 (photocopy). Archive
of the Czech Academy of Sciences, Institute of
Archaeology, Brno. Excavated area No. 6, trench 30/-7,
plan No. 2.

Obr. 15

Kresba J. Ovesna 1968 (xerokopie). Archiv
Archeologického Gstavu AV CR, Brno, v. v. i. Zkoumana
plocha &. 25, &tverec 26/-8, plan &. 6.

/ Fig. 15

Drawing by J. Ovesna 1968 (photocopy). Archive of the
Czech Academy of Sciences, Institute of Archaeology,
Brno. Excavated area No. 25, trench 26/-8, plan No. 6.

Obr. 16

Kresba J. Markova 1973 (xerokopie). Archiv
Archeologického ustavu AV CR, Brno, v. v. i.
Prozkoumana plocha ¢. 43, ¢tverec -17/-13, plan &. 6.

/ Fig. 16

Drawing by J. Markova 1973 (photocopy). Archive of the
Czech Academy of Sciences, Institute of Archaeology,
Brno. Excavated area No. 43, trench 26/-8, plan No. 6.

Obr. 17

Kresba J. Markovéa 1968 (xerokopie). Archiv
Archeologického ustavu AV CR, Brno, v. v. i.
Prozkoumana plocha ¢&. 44, ¢tverec -D/-22, plan &. 5.

/ Fig. 17

Drawing by J. Markova 1968 (photocopy). Archive of the
Czech Academy of Sciences, Institute of Archaeology,
Brno. Excavated area No. 44, trench -D/-22, plan No. 5.

Obr. 18

Kolektiv autor(. Archiv Archeologického dstavu AV CR,
Brno, v. v. i. Seznam nalezl 1969, prozkoumana plocha
¢. 30, ¢tverec 26/-6, seznam ¢. 6.

/ Fig. 18

Collective of the authors. Archive of the Czech
Academy of Sciences, Institute of Archaeology, Brno.
List of finds 1969, excavated area No. 30, trench 26/-6,
list No. 6.

Obr. 19

Grafika O. Marek, P. Cap, Z. Pavkova. Podle Polagek,
Marek 1995, Abb. 4.

/ Fig. 19

Graphics by O. Marek, P. Cap, Z. Pavkova. After Polagek,
Marek 1995, Abb. 4.
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Obr. 20

Archiv Archeologického ustavu AV CR, Brno, v. V. i.
Celkovy plan vyzkumu 1 : 200, list €. XII.

/ Fig. 20

Archive of the Czech Academy of Sciences, Institute
of Archaeology, Brno. Overall excavation plan, 1 : 200,
sheet No. XII.

Obr. 21

Ustav geodézie a kartografie Brno, 1962. Archiv
Archeologického stavu AV CR, Brno, v. v. i.

/ Fig. 21

Institute of Geodesy and Cartography Brno, 1962.
Archive of the Czech Academy of Sciences, Institute
of Archaeology, Brno.

Obr. 22

Zameéreni a kresba F. HoleSovsky 1956-1957. Archiv
Archeologického ustavu AV CR, Brno, v. v. i.

/ Fig. 22

Mapping and drawing by F. HoleSovsky 1956-1957.
Archive of the Czech Academy of Sciences, Institute
of Archaeology, Brno.

Obr. 23

Zameéreni Stfedisko geodesie v Hodoning, reprodukce
planu Ustav geodesie a kartografie v Brn& 1961, 1964.
Archiv Archeologického ustavu AV CR, Brno, v. V. i.

/ Fig. 23

Mapping the Centre of Geodesy in Hodonin,
reproduction of the plan Institute of Geodesy and
Cartography Brno 1961, 1964. Archive of the Czech
Academy of Sciences, Institute of Archaeology, Brno.

Obr. 24

Zaméreni Stredisko geodesie v Hodoniné 1961 a 1964,
digitalizace O. Marek 2010. Archiv Archeologického
Gstavu AV CR, Brno, v. v. i.

/ Fig. 24

Mapping the Centre of Geodesy in Hodonin 1961

and 1964, digitalisation O. Marek 2010. Archive

of the Czech Academy of Sciences, Institute

of Archaeology, Brno.

Obr. 25

Podle Polacek, Marek 1995, 25, Abb. 6.
/ Fig. 25

After Polacek, Marek 1995, 25, Abb. 6.

Obr. 26

Podle Sindel4f et al. 2020, 42, obr. 3.
/ Fig. 26

After Sindelaf et al. 2020, 42, obr. 3.

Obr. 27

Nalezovy denik 1965-I1, 121. Archiv Archeologického
Gstavu AV CR, Brno, v. v. i.

/ Fig. 27

Logbook of finds 1965-11, 121. Archive of the Czech
Academy of Sciences, Institute of Archaeology, Brno.

Obr. 28

Inventarni kniha 1957-1, str. 12. Archiv Archeologického
Gstavu AV CR, Brno, v. v. i.

/ Fig. 28

Inventory book 1957-1, p. 12. Archive of the Czech
Academy of Sciences, Institute of Archaeology, Brno.
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Obr. 29

Foto J. Sindelar.

/ Fig. 29

Photo by J. Sindelat.

Obr. 30

Foto J. Sindelaf, 3D model B. Vacha.

/ Fig. 30

Photo by J. Sindelaf, 3D model by B. Vacha.

Obr. 31

Foto J. Sindelaf.

/ Fig. 31

Photo by J. Sindelat.

Obr. 32

DMR 5G CUZK; mapovy podklad Digitalni model reliéfu
CR 5. generace 2020 © Cesky Gfad zem&méficky
a katastralni, www.cuzk.cz. Grafika Z. Tuka/Atelier
Zidlicky, Z. Pavkova. Podle Polagéek et al. 2021a, 58,
1.3.1; 59, 11.3.3.

/ Fig. 32

DMRG 5G CUZK; map base Digital relief model of
the Czech Republic 5th generation 2020 © State
Administration of Land Surveying and Cadastre,
www.cuzk.cz. Graphics by Z. Tuka/Atelier Zidlicky;
Z. Pavkova. After Polacek et al. 20214, 58, 11.3.1;
59, 11.3.3.

Obr. 33

Foto J. Sindelat, J. Skojec, 3D model B. Vacha.

/ Fig. 33

Photo by J. Sindelat, J. Skojec, 3D model by B. Vacha.

Obr. 34

Foto J. Sindelat, J. Skojec, 3D model B. Vacha.

/ Fig. 34

Photo by J. Sindelat, J. Skojec, 3D model by B. Vacha.

Obr. 35

Foto J. Sindelat, J. Skojec, 3D model B. Vicha.

/ Fig. 35

Photo by J. Sindelat, J. Skojec, 3D model by B. Vacha.

Obr. 36

Foto J. Sindelat, J. Skojec, 3D model B. Vacha.

/ Fig. 36

Photo by J. Sindelat, J. Skojec, 3D model by B. Vacha.

Obr. 37

3D vizualizace M. Sindela¥, S. Vacha.

/ Fig. 37

3D visualisation by M. Sindela¥, S. Vacha.

Obr. 38

3D vizualizace M. Sindelaf, S. Vacha.

/ Fig. 38

3D visualisation by M. Sindela¥, S. Vacha.

Obr. 39

3D vizualizace M. Sindelat, S. Vacha.

/ Fig. 39

3D visualisation by M. Sindelat, S. Vacha.

Obr. 40

Foto M. Barta, M. Frouz, 3D model J. Sindelaf.

/ Fig. 40

Photo by M. Bérta, M. Frouz, 3D model by J. Sindelat.

Obr. 41

Foto M. Barta.

/ Fig. 41

Photo by M. Barta.

Obr. 42

Foto M. Frouz, 3D model B. Vacha.

/ Fig. 42

Photo by M. Frouz, 3D model by B. Vacha.

Obr. 43

Foto M. Barta.

/ Fig. 43

Photo by M. Barta.

Obr. 44

Foto M. Frouz, 3D model B. Vacha.

/ Fig. 44

Photo by M. Frouz, 3D model by B. Vacha.

Obr. 45

Foto M. Barta, 3D model B. Vacha.

/ Fig. 45

Photo by M. Barta, 3D model by B. Vacha.

Obr. 46

Foto M. Frouz, 3D model B. Vacha.

/ Fig. 46

Photo by M. Frouz, 3D model by B. Vacha.

Obr. 47

Foto M. Frouz, 3D model B. Vacha.

/ Fig. 47

Photo by M. Frouz, 3D model by B. Vacha.

Obr. 48

Foto M. Frouz, 3D model by J. Sindelat, M. Sindelat,

B. Vacha.

/ Fig. 48

Photo by M. Frouz, 3D model by J. Sindela¥, M. Sindela¥,
B. Vacha.

Obr. 49

Foto M. Frouz, 3D model by J. Sindelat, M. Sindelat,

B. Vacha.

/ Fig. 49

Photo by M. Frouz, 3D model by J. Sindela¥, M. Sindela¥,
B. Vacha.

Obr. 50

Foto M. Frouz, 3D model J. SindelaF, M. Sindelaf,

B. Vacha.

/ Fig. 50

Photo by M. Frouz, 3D model by J. Sindela¥, M. Sindela¥,
B. Vacha.

Obr. 51

Foto M. Frouz, 3D model J. Sindelat, M. Sindela¥,

B. Vacha.

/ Fig. 51

Photo by M. Frouz, 3D model by J. SindelaF, M. Sindelaf,
B. Vacha.

Obr. 52

Foto M. Frouz, 3D model J. Sindelaf, M. Sindelaf,

B. Vacha.

/ Fig. 52

Photo by M. Frouz, 3D model by J. Sindelat, M. Sindelat,
B. Vacha.

Obr. 53

Foto M. Frouz, 3D model a rozvinuti plasté J. Sindelaf.

/ Fig. 53

Photo by M. Frouz, 3D model and unfolding the surface
by J. Sindelaf.

Obr. 54

a - Podle Poulik 1963, 62, obr. 29(2); b - foto M. Barta,
3D model a rozvinuti plasté J. Sindelaf; ¢ - foto M. Barta,
3D model a rozvinuti plasté J. Sindelat, grafika B. Vacha.
/ Fig. 54

a - After Poulik 1963, 62, obr. 29(2); b - photo by

M. Barta, 3D model and unfolding the surface by

J. Sindelaf; ¢ - photo by M. Barta, 3D model and
unfolding the surface by J. Sindelat, graphics by

B. Vacha.

Obr. 55

Foto M. Barta, 3D model a rozvinuti plasté J. Sindelat,
grafika B. Vacha.

/ Fig. 55

Photo by M. Barta, 3D model and unfolding the surface
by J. Sindelat, graphics by B. Vacha.

Obr. 56

a - Foto M. Barta, 3D model a rozvinuti plasté

). Sindela¥, grafika B. Vacha; b - foto M. Barta, 3D
model a rozvinuti plasté J. Sindelar, grafika B. Vacha.
Gombik z hrobu 3 z Kop&an, inv. ¢. 24853, je soucasti
sbirky Pamiatkového uradu Slovenskej republiky,
Odboru archeolégie.

/ Fig. 56

a - Photo by M. Barta, 3D model and unfolding the
surface by J. Sindelat, graphics by B. Vacha; b - photo
by M. Bérta, 3D model and unfolding the surface by
J. Sindelat, graphics by B. Vacha. The spherical hollow
button from grave 3 in Kop&any, Inv. No. 24853, is

a part of collection of the Monuments Board of the
Slovak Republic, Department of Archaeology.
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