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3 DOKUMENTACE

Jednou z nejreprezentativnéjSich komodit stfedovéké a novovéké keramické produkce jsou reliéfni kamnové kachle,
u nichz je mozné sledovat obsah i symboliku vyzdobnych motivl vypovidajici o dobové hmotné i duchovni kulture.
Z pohledu technického u nich Ize definovat vyvoj vyrobnich postupl jak konstrukce kachld samych, tak celych otop-
kamnatského femesla. Krom prirodovédnych analyz, které k feSeni této otazky jiz dlouhodobé prispivaji (napf. Losko-
tova—Hlozek 2017), jsme hledali moZnosti analyzy reliéfni vyzdoby kachll z hlediska technologického, nikoli uméno-
védného. K tomu bylo potfeba ziskat exaktni data z dokumentace reliéfu, kterd v archeologii dosud standardné pouZzi-
vané metody neposkytovaly.

At jiz sledujeme u toho druhu keramického materidlu technickou, ¢i dekoraéni stranku, je nutné predpokladat, Ze se
jedna o vztah natolik symbioticky, Ze do zna¢né miry jedna ovliviiuje druhou. Technicka a vyrobni svymi limity usmeér-
nuje a do jisté miry i omezuje vytvarné provedeni reliéfu. Je nabiledni, Ze se jednalo o cennou komoditu, kterd héhem
pozdniho stredovéku dosla masivniho rozsifeni i v obytnych interiérech nizsich socidlnich skupin. Potencial tohoto
typu artefaktl spociva v jejich rozsifeni ve vétsi ¢asti Evropy, a tedy i statisticky pouZitelném poctu exemplari. Ex-
trémni technologicka reseni nékterych vyrobnich postupt (napf. profezavani) kladla svou naro¢nosti ¢asovou, mate-
ridlovou a zejména technologickou vysoké ndroky na profesni kvalifikaci, nebot aplikované postupy nejspiSe zna¢né
prevysSovaly moznosti béZnych hrnéita.

Pomineme-li, Ze kazda keramicka/kachlarska dilna nejspise disponovala vlastnim sortimentem forem na vyrobu cel-
nich vyhrivacich stén komorovych kachll s Fadou specifickych vyzdobnych motiv{, je tfeba vzit do ivahy, Ze v tomto
odvétvi keramické produkce dochdzelo i ke kopirovani reliéft. Dilem mtzZeme predpokladat ovlivnéni poptavkou po
konkrétnim vyzdobném motivu, dilem snahou o zlevnéni a zrychleni vyroby, protoZe odpadla prvni faze vyrobniho
procesu, fezba drevéné negativni pfedlohy pro vyrobu kachlové formy. Tvorba piratskych kopii mohla usnadnit Sifeni
vyrobkli mimo pivodni cilovou skupinu a region.

1 kdyz je v nasledujicim textu vénovana pozornost jednotlivym vyzdobnym motiviim, jako je napriklad adorace Krista
¢i provinily lev, nesmime zapominat, Ze téma stredovékych kamen vytvarel cely soubor motivii spojujici v jeden celek
dil¢i symboliku jednotlivych reliéf. Pfedmétem zkoumani je tedy i definice spojovacich prvki reliéfni vyzdoby, ktera
umozni kachlové série kompletovat ve variantnim provedeni i nadregiondlnim rozméru.

Diky rychlému nartstu moznosti vypocetni techniky v oblasti hardwaru i softwaru byly v nedavné dobé uc¢inény velké
pokroky ohledné prevedeni nékterych analogovych dokumentacnich technik na digitdlni. Snad Zddnd z néasledujicich
popisovanych metod dokumentace nenachézi ptivod svého vzniku v oblasti archeologie. S velkou jistotou lze tvrdit, ze
tyto dokumentac¢ni metody jsou svym pivodnim zamérenim technického, ¢i presnéji inzenyrského sméru (at uz geode-
tického, ¢i strojirenského). Navzdory tomu se archeologicka verejnost vZdy pomérné rychle chapala novych moznosti
prinasenych jinymi obory a s vétSim ¢i mens$im uspéchem je vyuzivala. Jednou z nich je obrazovéa korelace (Alshawab-
keh—Haala 2004). Metoda do nedavné doby vyuzivajici analogové fotografie, elementarni geometrické a goniometrické
uvahy, ktera presto prindSela vice neZ jedno stoleti validni data, je nyni v digitdlni podobé velmi ¢asto vyuZivana pro
Ucely sbéru dat pro metrické analyzy. Napriklad obrazova korelace byla jiz v zaéatku dvacatého stoleti aplikovana také
pri dokumentaci a analyzach kulturné historickych pamatek (Wilczek et al. 2014) a soucasny trend v archeologii jeji
vyuzitelnost zvyraziuje a podtrhuje.

3.1 Vyzkumné otazky

Cilem této pripadové studie je zjistit, jak mohou byt bézné dostupné optické metody dokumentace aplikovany, a zvysit
moznosti vytézitelnosti informacéniho potencidlu archeologickych artefakt(i. Mezi tyto bézné uzivané metody v archeo-
logické analyze radime kresebnou a fotografickou dokumentaci, techniku, jejimz vysledkem jsou trojrozmérna data
(obrazova korelace — Image based Modeling — IbM, ¢i 3D skenovani) a RTI — reflectance transformation imaging.

Pozice kresebné dokumentace artefaktii je v archeologické praxi desitky let naprosto neochvéjna. Umoziuje potlacit
neddlezité ¢asti objektu a naopak vystihnout a zdlraznit ty podstatné. Jeji vyuziti pro dalsi analytické zpracovani dat
je tim paddem diskutabilni, protoZe se nemusi jednat o dostate¢né vérny a nesubjektivni zdznam reality. Nejvétsi klad
se tak paradoxné pfi tomto pohledu stava zdporem. Byt musime u kazdé ze zde uvedenych metod poéitat s urcitym
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projevem a vlivem osoby dokumentatora, ktery do vysledku promita svoji dovednost a zkusenost, je tato metoda nejvice
subjektivni.

Fotografickd dokumentace se naproti tomu zda byt objektivni, nebot se jednd pouze o permanentni zachyceni svétel-
ného vinéni na stabilni médium. Neni tomu ov§em tak, protoZe i zde je podoba artefaktu ovlivnéna pouZitou metodikou
a technikou. Pokazdé jiné prostorové vlastnosti ma artefakt pti pouziti riznych objektivd, ale i fotoaparatd. Tento jev
lze samozrejmé castecné kompenzovat pouzitim nejriznéjsich softwarovych filtrd a rektifikacnich kalibraci, nicméné
stale plati, Ze fotograficky snimek je velmi snadno ovlivnitelnou platformou s prostorem pro chybu odectu prostorovych
dat (Kosmelova—Nosek 2020).

Mezi techniky, jejichZ aplikaci extrahujeme 3D data, patfi samozfejmé vice metod, napfiklad vypocetni tomografie
(CT), 3D rentgen (3D RTG), nicméné tyto varianty akvizice prostorovych dat nejsou v archeologické praxi tak vyuZivané
(z d@vodu jejich finanéni naroc¢nosti a obtiznéjsi dostupnosti), byt pro ni nesou velky potencial. Stejné tak bychom sem
mohli fadit naptiklad dotykovy digitizér, nicméné ten jiz zase patfi mezi metody pfekonané pravé 3D skenovanim ¢i
obrazovou korelaci. V této kategorii dokumentac¢nich metod se vSak poprvé v nasSem vyc¢tu pohybujeme v oblasti pres-
ného zachyceni prostorovych dat (v rdmci pouzitého hardwaru a softwaru), nebot zachycena data se primarné vyjad-
Fuji v prostorovych souradnicich, takze ty je pak mozné pouzit pro dalsi analyzy. Pro zkoumdani morfologie a povrchu
artefaktu se jednd o velmi vhodnou metodu, nebot data je mozné zobrazit skute¢né jen v jejich prostorové podobg, bez
barevné informace, kterd mize byt pro pozorovatele ¢astokrat zavadéjici. Pro tuto pripadovou studii byla jako metoda
3D zaznamu zvolena obrazova korelace, namisto pouZiti 3D skeneru. Zejména pro svou flexibilnost pri dokumentaci
morfologicky rozmanitych artefakt(i, ¢asovou efektivitu a moznost pouziti polariza¢niho filtru pfi snimani artefakt
s reflexivnim povrchem a také kvalitu porizované textury, coz je fotorealistickd vrstva pokryvajici povrch 3D modelu,
¢inici ji vizudlné hodnovérnou originalu. Pravé v téchto bodech spolu s dobrym rozliSenim a pfesnosti zdznamu a ze-
jména také porizovaci cenou vybaveni se technika obrazové korelace jevi pro dokumentaci archeologickych artefakt
idedlni.

Specifickym prinikem vySe uvedenych technik je mozné nazvat RTI — reflectance transformation imaging. Jedna se
o metodu snimkovani v fizenych svételnych podminkdach, kdy se pohybuje pouze svételny zdroj, naopak staciondrni
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Obr. 1. Pfiklad fragmentarniho materialu na detailu reliéfni vyzdoby dvou jedincti (Ostrava — Kostelni).
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artefakt je snimkovan z jedné pozice fotoaparatu. Z priniku deformaci svétla na artefaktu a jeho okoli je nésledné di-
gitalné interpolovana svételna mapa umoznujici detailni zkoumani povrchu artefaktu. I kdyz je tato metoda vhodna
zejména pro ploSsi artefakty a pro objekty s vét§im prostorovym objemem a viceuroviiovou morfologii, jednd se o velmi
precizni a detailni metodu, jak zachytit prostorovou informaci artefaktu paradoxné bez ovlivnéni svétlem a barvou pii-
vodniho artefaktu.

VySe popsané metody zachyceni tvaru a dalsich vizualnich vlastnosti artefakt® jsou v této pripadové studii zkoumany
jak samostatné, tak prijejich soucasné aplikaci, zda se jejich kombinace neukaze jako vhodnad. Cilem je definovat, které
z téchto metod a synergii jsou pouZitelné, které maji sva uskali a které jsou pro tvorbu podkladi pro dalsi analytické
otazky nepouzitelné.

To vSe vSak je pouhou technologickou otazkou, jak pristoupit v budoucnu ke sbéru dat. Z pohledu archeologického je da-
lezité, Ze timto zplisobem miiZze dojit k definovani a sledovani ptivodniho zdroje analyzovaného reliéfu, vyrobnich linii,
zaroven také pirdtskych kopii (formy pro tyto exemplare vznikly otiskem findlniho kachle). Na zdkladé nové ziskanych
dat se vedle pfirodovédnych analyz jedna o dalSi validaéni nastroj s jistou mirou vypovédni hodnoty pro zdsadni otaz-
ku lokalizace primdrnich a sekundarnich vyrobnich center a sledovani transferu komodit — suroviny i hotového zbozi.
Cilem je formulovat metodicky postup, ktery umozni z morfologické analyzy specifického druhu archeologického arte-
faktu definovat jeho pfislusnost k uréité vyrobni vétvi konkrétniho vyzdobného prvku.

3.2 Metoda

Pro ovéreni vlastnosti a vhodnosti jednotlivych technik zaznamu byly vybrany dva celky artefakt z riznych lokalit,
které nesou riizné optické znaky, avSak u kterych existuje moznost identického ptvodu. Jedna se o soubor kachl s mo-
tivem adorace Krista (viz kap. 4b) a soubor nesouci motiv provinilého lva (obr. 2; viz kap. 4e).

1

2 3

Obr. 2. 1 - Vizualizace fragmentu motivu adorace Krista v pivodnim provedeni, v némz P. Maria kleéi na oblouku se dvéma nosy
(Velké Mezirici); 2 - vizualizace redukovaného motivu adorace Krista (Javornik); 3 — vizualizace reliéfniho motivu provinily lev
(Brno).

Tyto celky byly zvoleny pro dostateény pocet testovanych exemplar, které také zaroven nesou dostateé¢né velkou shod-
nou plochu napri¢ exempldri, takZe je mozné vylouéit ndhodnou chybu pfi uréeni miry vzdjemné podobnosti. Jedinci
s motivem adorace Krista a provinilym Ivem jsou kvantifikovani v tab. 1.

Zvlasté u kachll ze skupiny ,,adorace” je zajimavé vzajemné srovnani jedincd, protoze pochézeji z geograficky zna¢né
vzdalenych oblasti. V pripadé artefakt skupiny ,lvi“ je situace odli$na tim, Ze ke zkoumanému vzorku brnénskych
exemplait byl pfifazen dalsi z Olomouce a dva kachle ze stojicich kamen na brnénském hradu Spilberk. Do srovnava-
ciho testu byly zarazeny, protoze lze davodné predpokladat, Ze se jedna o kopie nékterého z brnénskych stredovékych
originali. Kamna byla totiz postavena béhem 2. svétové valky v ramci prestavby prostory v jihovychodnim narozi hra-
du na poddustojnickou jidelnu (obr. 3, viz téz kap. 4e). Komparacni analyza by tak mohla naznacit, ze kterého originalu
byla kopie pofizena, pripadné zda se nejednéd o kopie z vice exemplara.
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motiv lokalita pocet ks
provinily lev Brno 5
provinily lev Olomouc 1
provinily lev — kamna Brno - Spilberk 2
adorace Krista Javornik — Jdnsky vrch 26
adorace Krista Velké Meziti¢i 1
adorace Krista Lipnice nad Sazavou — hrad 1
adorace Krista Ivancice 1

Tab. 1. Kvantifikace testovanych jedinc.

Obr. 3. Kamna s reliéfem provinilého lva v nynéjsi hradni vi-
narné, Brno, hrad Spilberk.

Komparace odlisnosti ¢i shody morfologie artefaktu pro-
bihd v nékolika rovinach. Prvni je srovnani metrickych
kvantit dokumentovaného artefaktu, druhd je posouzeni
podobnosti specifickych anomalii na povrchu (deforma-
ce povrchu, vyrobni stopy atd.), které mohou odkazovat
na stejny vyrobni postup, ¢i dokonce identickou formu
¢i matrici, kterd kachli dala vzniknout. Pfesnost testo-
vanych postupl co do posouzeni metrické analyzy se
ukézala pomérné snadno zhodnotitelna. At jiz se jednalo
o kresebné, fotografické ¢i jiné layouty (vizualizace), byly
na danych mistech konfrontovany s origindlem. Spoleh-
livost druhé kategorie srovnani byla na vyhodnoceni slo-
velmi odliSuji. Zde tedy bylo bohuzel nutné fidit se sub-
jektivné u kazdého artefaktu a metody zvlast.

Pivodni planované komparované metody byly postupem
¢asu zredukovany pouze na dve. Ukazalo se, Ze kresba
neni schopna dostatec¢né Siroce postihnout komplexni
tvar reliéfni vyzdoby, a nadto nebylo moZné dostatec¢né
vérohodné zachytit prostorovou informaci artefaktu.
Presnost se zvlasté v komplikovanych oblastech reliéfu
pohybovala s odchylkou v fddech milimetrd, coz prinej-
lep$im neni dostacujici vysledek.

Odecet povrchovych anomalii z fotografické dokumen-
tace také nebyl presvédcCivy, nebot i kdyZ byly snimky
formalné spravné zbaveny distorze zptisobené pouzitym
objektivem (software Affinity Photo, spole¢nost Serif)
a nasledné referencovany v prostredi software ImagelJ
(vyvojar Wayne Rasband), optické vlastnosti jako textura
a nasviceni dokumentovaného artefaktu znemoznovaly
dostate¢né presne vyhodnoceni.

Pokud mé byt pouzito 2D fotografickych snimka jako
podkladu pro odeéet prostorovych vlastnosti a analyzu
povrchu artefaktu, jak ukazuje postup aplikace metody
RTI popsany nize, dosdhneme mnohem lepSich vysled-
ki, pokud vyhodnocujeme na zakladé dat zbavenych tex-
turové slozky. Morfologie povrchu se tak odhali mnohem
presvédcivéji. Z tohoto diivodu byly pro analyzu vybrany
metody zdznamu obrazové korelace a RTI.
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Obr. 4. Rozdily v barevnosti a vzhledu jedinct s identickym motivem.

3.3 Sbér dat — obrazova korelace

Tato prostorova dokumentac¢ni metoda je v archeologii s Uspéchem a stale vétSim rozsirenim pouzivana jiz nékolik de-
kad (napf. De Reu et al. 2014, nebo McCarthy 2014) a pravoplatné je pro své kvality cenénd. Jeji aplikace spociva v rekon-
struovani geometrie dokumentovanych predmétd vyhodnocenim prostorovych udaji z vice fotografickych snimka. Na
téch jsou identifikovany shodné unikatni body (pixely, nebo jejich shluky), pomoci kterych je uréovana pozice meric-
ského stanoviste (tedy odkud byla porizena fotografie) v prostoru (viz obr. 5).

Meficské stanovisté 3

Méfiéské stanovisté 2

Meéfiéskeé stanovisté 1

Obr. 5. Triangulace horizontalnich pozic fotografii na zakladé vzajemného pfekryvu zabéra.
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Na zékladé ohniskové vzdalenosti fotografii je pro software mozné vypocitat prostorovou hloubku 3D zdznamu. SlozZe-
nim vice téchto méri¢skych snimk, porizenych v dostate¢ném mnozstvi z adekvatniho po¢tu mist okolo predmétu (viz
obr. 6), je potom moZné rekonstruovat celou prostorovou informaci dokumentované situace.

Béhem tohoto procesu je tedy rekonstruovana velmi pfesné celkova podoba artefaktu, od jeho geometrie (vystihujici
morfologii povrchu artefaktu) aZ po texturu (vystihujici jeho vzhled, barvu a dalsi vizudlni kvality, které béZna prosto-
rova deskripce nepokryje; obr. 7).

Obr. 6. Posun méfi¢skych okruhi a jejich distribuce v prostoru, pozice snimkt modie.

Obr. 7. Faze vizualizace trojrozmérného modelu.
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Data pro virtudlni rekonstrukci artefaktu byla sbirdana standardizovanou metodikou prostiednictvim automatické toc-
ny a setu fotoaparat Nikon D7200 s makro objektivem Nikkor s fixnim ohniskem 60 mm. BéZné nastaveni fotoapa-
ratu (pokud nebylo ddno specifickymi vlastnostmi artefaktu) bylo 18 clona a % zavérka, ISO 100. Jejich vyhodnoceni
prostfednictvim postupu uvedeného v priloze probéhlo prostfednictvim software Agisoft Photoscan Pro (verze 1.6.
spolecnosti Agisoft). Rekonstruovany 3D model artefaktu byl upraven tak, aby dosahoval vyslednych 2,5 miliond poly-
gonl — cozZ je empiricky ovéreny dostatecny pocet polygont a od toho odvozeného rozliSeni modelu, aby byl zachovan
dostatecny detail povrchu pro jeho podrobné zkoumani (podobné jako Pena-Villasenin et al. 2019).

3.4 Shér dat — RTI

Tato vypocetni metoda ziskéva informace o tvaru, povrchu a barvé objektl z fotografii a umoznuje interaktivné nasveét-
lovat zachyceny artefakt z nejrtiznéjsich smérd. Diky tomu je mozné vykreslit a zvyraznit ¢lenitost reliéfu povrchu, coz
tuto metodu ¢ini idedlni pro zkoumani vyzdoby ¢i vyrobnich stop na artefaktech (napf. Newman 2015).
Software pouzity pro vyhodnoceni dat byl RTI Builder (vyvojari Cultural Heritage Imaging). Metodika shéru dat je vSak
viceméneé stejna i pro vyhodnoceni v jiném programu. Spociva v tom, Ze nehybny artefakt je snimkovan stacionarnim
fotoaparatem, pficem?Z jediné, co se meéni, je pozice jediného svételného zdroje. Ta je zachycovana prostfednictvim re-
flexivni koule, kterd slouzi jako métici marker intenzity a sméru svétla vrhaného na artefakt (obr. 8.).
Vzhledem k tomu, Ze tato metoda zachycuje artefakt
prostrednictvim dokumentac¢nich fotografii, umoznuje
krom zachyceni geometrie objektu zajmu také postih-
nout jeho barevnou stranku. Proto pfi porizovani snim-
ku prikladame do prostoru také kalibra¢ni barevnou
$kalu, kterd umoZni zpétné rekonstruovat presné barvy
artefaktu. Umisténim do stejného vySkového horizontu
s horni hranou artefaktu také docilime toho, Ze je moz-
né pouzit méritko §kaly jako referenéni. Tak je mozné ze
snimku nasledné extrahovat prostorové udaje o zachyce-
né oblasti.
Klady této metody jsou jasné rozeznatelné a popsané
vySe, mezi zdpory musime jmenovat moZné ovlivne-
ni presnosti snimku pouZitym objektivem. To vSak lze
regulovat kalibraci snimk® podle EXIF dat v externim
programu (napriklad Affinity). Distorze objektivu je tim
regulovatelna a do vyslednych dat se nemusi promitnout.
Stejné tak ovlivni kvalitu snimku pouzité hodnoty ISO
a napiiklad velikost clony pfi akvizici dat (tomu lze ¢as-
teéne predejit kalibraci objektivu v konkrétni ohniskové
Obr. 8. Odrazyﬂsvé'teln'ého zdroje k'r(')uiiciho kolem markeru délce — napi. Gajski et al. 2016). Dilezité je, Ze vzajemna
a artefaktu v ruznych uhlech a pozicich. s , ey e

poloha artefaktu a fotoaparatu se nesmi zménit, jinak do-

jde ke znehodnoceni celé série snimkd.
Co ovlivnit nelze, je kvalita snimku dana vlastnostmi objektivu v konkrétnim nastaveni. I velmi kvalitni objektivy mo-
hou nepfiznivé ovlivnit okrajové oblasti snimku. Proto je vhodné nefotit oblast artefaktu pres celé obrazové pole foto-
aparatu, ale v okrajovych oblastech ponechat urc¢ity odstup. Timto zpisobem se vétSinové vyhneme zkresleni zajmové
oblasti a nestejné kvalité dat.
ProtoZe je metoda velmi citlivd na okolni svételné podminky, je nutné provadét snimkovani tak, aby na referenéni kouli,
ze které se pocita odrazivost svételného zdroje, nedopadalo pfimo Zadné jiné svétlo nez to s Fizenym pohybem.
Jak je mozné vidét na obr. 12, pohyb svételného zdroje po artefaktu je neocenitelnou pomtckou pri zkoumani reliéfu
povrchu objektu zajmu. Kazdd zména pozice svétla dopadajiciho na povrch vykresli jeho detaily jinak a dava vyniknout
stopam, které je jinak mozné zkoumat pouze obtizné. Pravé plynuly pohyb svétla po artefaktu a jeho opakovatelnost
a zaroven zaznamenatelnost patfi mezi nejvétsi devizy této dokumentacni techniky.
Data byla v naSem pripadé sbirana prostfednictvim fotoaparatu Nikon D750 s makro objektivem Nikkor s fixnim
ohniskem 60 mm. Bé€Zné nastaveni fotoaparatu (pokud nebylo dano specifickymi vlastnostmi artefaktu) bylo 10 clona
a Y zavérka, ISO 100.
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Obr. 10. Spekularni vizualizace, na které je dobre vykresleny reliéf a stinovani na artefaktu.
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Obr. 11. Normalova vizualizace, na které je dobi'e patrny reliéf a stopy na povrchu artefaktu.

Obr. 12. Rizné sméry svétla dopadajiciho na po-
vrch artefaktu, jejichZ orientace je vzdy vizuali-
zovana na sfére vpravo. Vpravo dole normalova
vizualizace, ktera prehledné vizualizuje veske-
rou viditelnou morfologii artefaktu, véetné nej-
ruznéjSich stop po vyrobé i pouziti.
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3.5 Vyhodnoceni dat

Pouzitim obou dokumentaénich technik se dostavame k vyborné kombinaci dat, kdy obrazova korelace dodd komplexni
morfologické informace o artefaktu véetné ramcoveé pfesného zachyceni dekoru a RTI je pak pouZito na zdjmové oblasti,
kde je moZné identifikovat napfiklad vyrobni stopy, nebo celé oblasti reliéfu. Kombinovdnim téchto technik tak lze do-
cilit pomérné komplexniho prozkoumani metrické stranky kachle a jeho morfologie (obr. 13 a 14).

" l—— - S LT

o ~ ) .

Obr. 13. 1 - 3D model se zobrazenymi normaly; 2 - RTI normalova vizualizace.

I kdyz se rozliSeni povrchu obou vizualizaci porfizenych obéma metodami zd4 na prvni posouzeni obdobné, pri bliz§im
zkoumadni detailu je jasné, Ze pro podrobnéjsi zkoumani povrchu je vhodnéjSi pouZit metody RTI. Ta je vSak vhodna
pouze k dokumentaci plossich oblasti a zcela jisté nedokéaze vykreslit riizné oblasti artefaktu souc¢asné.

Stéle je vSak nutné mit na paméti, Ze dosdhnout takového rozliSeni a kvality dat nebylo jesté pred nékolika malo lety
v naSem oboru mozné. Jednd se tedy metodicky o znaény posun v moznosti zkoumdani morfologie artefaktu.

Pivodnim zamérem bylo zjisténi mozné podobnosti a pribuznosti kachll prostfednictvim porovnani 3D modeli jejich
¢elnich vyhtivacich stén, u nichz lze nejlépe definovat moznou tvarovou korelaci. Cilem je sledovat rozdily a shody re-
liéfni vyzdoby na 3D modelech a na zakladé nich definovat pripadnou shodnost exemplard. Urcovat podobnost na za-
kladé technologickych stop, napfiklad z technické konstrukce celého jedince, je teoreticky také mozné, avsak vzhledem
k ojedinélosti materidlu a jeho méné béZnému vyskytu, jeho fragmentarnosti a nekompletnosti by se jednalo o velmi
obtiZzné aplikovatelny metodicky postup. Stejné tak je nutné uvédomit si, Ze produkéni fetézec pocitd s oddélenou vyro-
bou kachlovych komor a reliéfné zdobenych éelnich vyhfivacich stén a jejich naslednou kompletaci, coz by sekundarné
umoznilo sledovat stejné technické feseni u kachld se zcela odlisnou reliéfni vyzdobou.

To se vSak postupem ¢asu ukazalo jako obtizné proveditelné, protoze srovnavany materidl je natolik fragmentarni, Ze
najit vhodnou oblast s dostate¢nou vypoveédni hodnotou pro softwarovou komparaci je velmi obtizné. I s daty dosahuji-
cimi vysokého rozliSeni a presnosti zaznamu tak pracujeme s modely, které neposkytuji dostate¢ny prostor moznostem
komparace (obr. 15). Vzhledem k torzovitosti dokumentovanych artefaktt tak nemusi vzdy dojit k dostate¢nému pie-
kryvu dat, ktery by umoznil hodnovérnou analyzu.

Srovndvana plocha musi mit takovy rozsah, aby poskytla shodnou miru detailu. Podminka plati v pfipad€, Ze modely
konkrétnich artefakt porovnavame primo mezi sebou a nepouzivame jejich elastickou komparaci ke generovani pri-
mérného modelu (average model), ktery by slouzil jako vychozi srovnavaci vzorek. Takovy model je ovSem z natolik
fragmentarniho materialu obtizné extrahovat a pro cile tohoto vyzkumu by nebyl vhodny.

I kdyby nevadila fragmentarnost a mezi jedinci by byly nalezeny dostate¢né velké plochy vhodné pro srovnani, je tieba
brat na védomi, Ze keramické kachle, byt v masovéjsi produkci, nesou pomérné velké individualni rozdily zptisobené
vyrobnim procesem. Celni vyhiivaci stény jsou tedy portiznu deformované ve viech osach, nejmarkantnéjsi rozdily jsou
vidét pravé v ose pozorovani kolmé k ¢elu kachle (obr. 17). Bohuzel tyto rozdily netvofi Zadny specificky vzor se shoda-
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Obr. 14. Srovnani rozliSeni aplikované metody. 1 — SfM;
2-RTI.

mi, takZe neni mozné usoudit, Ze by se jednalo o néjaky
specificky doklad ¢asti vyrobniho fetézce ¢i konkrétniho
metodického postupu vyroby.

Do procesu srovnavani vstupuji vedle reliéfnich shod
i vyrobni stopy vzniklé pri formovani reliéfu (obr. 16.1).
Jsou to napriklad deformace zptiisobené vyklapénim jes-
té tvarné keramické hmoty z formy, pfipadné stopy do-
tyku vyrobce, at jiz prostiednictvim vlastnich rukou, ¢i
néstrojd. DalS§im vyznamnym zdsahem, ktery nam tva-
rovy fond znac¢né rozsifuje a tim sniZuje rozsah kompa-
rovatelného vzorku, jsou autorské zdsahy, které vyzdob-
ny motiv dopliuji, prepracovavaji (obr. 16.3) ¢i provadeéji
jeho orez (obr. 16.2).

V reliéfu exemplard z Ivancic a Lipnice nad Sazavou (obr.
18.1, 2) jsou jasné Citelné detaily, coz je velmi dobfe patr-
né v porovnani s exemplari z Velkého Mezitic¢i (obr. 18.3)
a Javornika (obr. 18.4, 5) — reliéf exemplari 1, 2 je mno-
hem detailnéjsi a nese stopy podrobnéjsiho zpracovani.
Jeho absence u exemplard 4 a 5 m@ze byt dana také opo-
trebenim formy ¢i pivodni verze, ze které byly odvozeny,
pripadné pouzitym vyrobnim postupem (Ernée-Vita-
novsky 2003, 548). To je velmi dobfe patrné v porovna-
ni s jedinci z Javornika zejména na svatozari a také na
zpracovani andéll. Specificky posun v morfologii kachla
je patrny na exemplari z Velkého Mezifici, ktery evident-
né mél oprotijavornické varianté jiné proporce (umisténi
postav na kompletni oblouk). Format javornickych kach-
14 byl upraven nejspise z divodu jejich pouziti v jiné kon-
strukci kamen. Pvodni série kachll obdélného forméatu
ze série klanéni je vsazena do shodného rdmovani, jehoz
zakladnou je oblouk se dvéma nosy, ze kterého vybihaji
oblé, v hornich rozich prekriZené pruty. Jednotlivé figu-

ry vSech reliéfd jsou umistény na tomto oblouku, ze kterého u javornickych exemplai zbyla jen horni ¢ast. Dalsim
znakem odli$né produkce je celkové proporciondlni zmensSeni jedinct z Javornika o priblizné 18 % oproti ostatnim
kachlim. Odlis$ny se jevi rovnéz stav a nizka mira ostrosti detaill vyzdoby. Divodem je patrné opotiebeni originalu, ze
kterého byla otiskem vyrobena forma/ formy pro javornickou kolekci. Analyticky proces popsany nize nicméné alesporn
¢astecné odpovida na naSe hledani urceni zplisobu vyroby keramickych kachld a jejich pripadnych naslednych kopii.

IVANCICE

LIPNICE

VELKE MEZIRICI

IAVORMIK A1488 JAVORMNIK A1491

Obr. 15. Identicky motiv, riizné fragmenty pokryvajici jeho plochu napfié jedinci.
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Obr. 16. Rtizné druhy zasahu do reliéfu. 1, 2 - Javornik; 3 - Lipnice.
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Pro snaz$i orientaci a vizualizaci bylo z nejrozsahlejsiho souboru kachll (nejméné 26 exemplaid) s motivem adorace
Krista z Javorniku — Janského vrchu vybrano pouze nékolik nejkompletnéjSich jedincti, protoze nize popsanym srov-
nanim byly predbézné urceny jako identické s malymi variacemi. Diky tomu lépe vynikne srovnani nalezenych typu
a skupin kachld.

Jak je vidno z obr. 17, ¢elni vyhtivaci sténa kachll je rliznorodé deformovana. Vizualizovano v prostredi softwaru
CloudCompare prelozenim vy$kové mapy pres modely, které byly shodné orientovany na zakladé identickych bodd na-

Obr. 17. Vizualizace vySkové mapy modelu a rozdilné deformace ¢elni vyhfivaci stény originalu.
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lezenych mezi jedinci. Diky tomu je moZzné napriklad u téchto dvou exemplar fici, Zze oproti centralni ose jsou artefakty
deformované torzi kazdy na jinou stranu. To je dlleZity poznatek, nebot srovnévaci tvarova analyza by na téchto dvou
jedincich nalezla zna¢né odchylky, byt by se jednalo o produkt pochdazejici ze stejné formy.

Stejné tak neni mozné mezi sebou primarné pomeérovat jedince javornické skupiny a ostatnich exemplar( na zakla-
dé rozdilnych rozmeérh pri souc¢asném zachovani proporci (obr. 18). I kdyz do nasSich Gvah zahrneme moznou miru
smrsténi keramického materidlu pfi vyrobnim procesu, je vykazovany rozdil natolik vyrazny, Ze je mozné predpokladat
sekundarni produkci. Experimentalné bylo u vyroby kachl prokdzano smrsténi zpisobené suSenim a méneé i vypalem
v intervalu 7-10 %. V pripadé kopirovani kachle, tedy vyroby formy otiskem hotového exemplare, se u takto sekundar-
né vyrobenych kachli pohybuje zmenseni v intervalu 14-20% oproti pivodnimu exemplafi (MikSik—-Hanykyt—Hazl-
bauer 1986, 512, k tomu téZ Hazlbauer 1986, 502). Na zédkladé koeficientu mérenych dil¢ich vzdalenosti shodnych bodi
na reliéfu lze tedy definovat miru smrsténi, ¢i spiSe diference jednotlivych jedinc?. Diky tomu lze nasledné formulovat
hypotézu, zda se jedna o primdrni, sekundarni, ¢i terciérni otisk, v posloupnosti od nejvétSiho po nejmensi.

Pokud tedy na zédkladé srovnani velikosti 3D modell predpokladédme existenci minimalné dvou riiznych variant (redu-
kované javornické a ptivodni, do které patti ostatni exemplafe), je mozné alespon orienta¢ni preloZeni 3D modell pres
sebe, které odhali dalsi nestejnomérnosti, ale také shody geometrie. Zarovnani modeli probéhlo na zakladé registro-
vani shodnych bodi, které se na fragmentech nachdzeji v prekryvajicich se oblastech, s prioritou rostouci smérem ke
stiedu kachle (kde je nejmensi zkresleni zpisobené vyrobni deformaci kachle), napriklad na ¢astech postav, ¢i archi-
tektonickych prvcich.

Vizualizace (obr. 19) ukazuje, Ze fragmenty z Lipnice a Ivanéic je moZné zarovnat identicky, nelisi se ani rozmérové,
shodnych prvki registrovat, nicméné na okrajové listé uz je znatelna odchylka, ktera je vSak pravdépodobné zptisobena
nikoliv vyrobni deformaci, ale spiSe nedostate¢nou shodujici se plochou a také deformaci reliéfu v misté registrovanych
orientaénich markerl. Za pravdépodobné shodné jedince tedy mZeme povazovat spiSe pouze prvni dva fragmenty.
Na zakladé shodnych registra¢nich bodl byly pres sebe prelozeny i exemplarfe z javornické skupiny (obr. 20), které vy-
kazuji zna¢nou podobnost v metrickém srovnani i ve shodném provedeni vyzdobného motivu. Registrace 3D modell
opét probéhla v prostiedi softwaru CloudCompare bez aplikovani Skalovani modeld, takze m@Zeme fici, Ze jedinci jsou
shodného ptivodu. Rozdily, které jsou viditelné, se nachazeji zejména na okrajovych liStach ¢elni vyhfivaci stény a jsou
zplsobeny deformaci artefaktu z vyroby.

Analyza z 3D, demonstrovana na nékolika exemplarich adorace Krista, vSak ma zjevné nedostatky — subjektivnost urce-
ni shody, velké ovlivnéni velikosti prekryvu shodné plochy a deformacemi jedinc. Zpresiujicim krokem by za urcitych
okolnosti mohlo byt pouziti metody povrch matematizujiciho algoritmu, ktera porovnava 3D data riznych modeld na-
vzajem mezi sebou. Mrac¢na bodd obdobného rozliseni a hustoty jsou registrovana pres sebe obdobné jako u prvni ana-
lyzy a naddle je hleddna shoda mezi jejich povrchy — v tomto pripadé nejbliz§imi sousedicimi body (nearest neighbour).
Vysledek je definovan transformacni matici a vizualizovan prostrednictvim vySkové mapy vykazujici miru shody. Tato
metoda je niZze demonstrovana na prikladu morfologického srovnéni dvou podobnych fragmentti z Ostravy (obr. 21).
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Obr. 19. Zarovnani a registrovani modeld skupiny nereduko- Obr. 20. Zarovnani a registrovani modelti redukované javor-
vanych kachld adorace Krista prelozenych pres sebe. nické skupiny dorace Krista prelozenych pres sebe.

Ostrava-Kostelni 50_15 1152 148

Ostrava-Kostelni 50_15_1209_472

Obr. 21. Vizualizace chyb v kompara¢ni matici vzniklych prasklinami a chybéjicimi ¢astmi fragment.
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[ pfes nepopiratelnou presnost a ,tvrdost” vyslednych dat, metoda porovnavani 3D dat ,cloud to cloud” ze svého mate-
ridlu prebira veSkeré nedostatky, kterymi trpéla prvni prezentovana analyza prekryvu 3D modeld. Barevna Skala vy-
kazujici shodu (modra - velka shoda porovnévanych povrchl az po ¢ervend — minimadlni shoda) je ovlivnéna oblastmi
mracna bod{, které se zakonité nemohou shodovat — prasklinami v artefaktu, jeho deformacemi z vyroby a dal$imi.
Shoda v detailech je tak zastinéna témito anomaliemi. I kdyZ byly pfedtim modely prostfednictvim editaéniho soft-
ware Blender zbaveny neprekryvajicich se ¢asti model®, neni mozné a z hlediska presnosti ani inosné takto redukovat
vSechna data.

Navrhovanym feSenim je tedy posledni metoda, kterd necili na pomérovani povrchu jako celku, nybrz na registraci
referenénich markert na povrchu ¢elni vyhrivaci stény, nejen soucésti vyzdoby, ale vesSkeré plastické anomadlie, které
je shodné moZné nalézt na 1 aZ N jedincich (obr. 22). Je to stejny princip, ktery se pouZziva napriklad v kriminalistice pfi
daktyloskopické analyze, kdy se na otiscich prstd hledaji shodné body papilarnich linii, nebo v antropologii pfi osteolo-
gické analyze shodnych znak na povrchu kosterniho materidlu.

V pripadé aplikace této metody dochazi k eliminaci celé plochy dat. Sleduji se pouze shody jejich ¢asti, tvoficich nenéa-
hodné anomalie, coz vylouéi chyby zptsobené deformaci keramické hmoty pri vyrobé, nebo postdepozi¢nim procesu.
Stejné tak maze byt zachycena sekundarni uprava reliéfu, zména celkovych proporci kachle nebo abstrahovani ¢asti
reliéfu pro pouziti v jiném motivu. Shodné detaily by mély timto zpsobem odhalit ptivodni predlohu ¢i cely retézec
uprav.

Za vyuZiti stejné metodiky byly srovnany také fragmenty adorace Krista z Lipnice a Ivancic, aby byla validovdna pou-
Zitelnost postupu. Selekci byla vybrana shodna oblast obou modeld, které byly prislusné redukovany pouze na sty¢nou
oblast. Pti jejich vzajemném porovnani je jasné, Ze kontury postavy, svatozate i stavebnich prvkd jsou prakticky totoz-
né co do svych krivek. Jediné, v ¢em se modely velmi lisi, jsou paprsky ve svatozari, které se objevuji v jinych poctech,

Obr. 22. Pouziti referenénich markert na povrchu éelni vyhrivaci stény.
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stejné jako v rznych thlech svého umisténi. V tomto jediném bodu se tedy modely znatelné rozchazeji. Jedna se bezpo-
chyby o doklad toho, Ze alespon jednu z po¢ate¢nich fazi vyroby kachle maji tito dva jedinci spoleénou. Na otdzku, pro¢
se v jemnych detailech vyzdoby lisi, neni moZné prostfednictvim trojrozmeérné analyzy povrchu s urcitosti odpovédeét.
Nicméné je mozné formulovat hypotézu, kterad by potvrzovala navrhovany postup vyroby kachl podle M. Vitanovského
(2000), Ze primarné byl motiv zachycen v dfevéném negativu, ze kterého nasledné vznikla vyrobni matrice. Vyrobky
by nesly velikostné shodné rysy spolec¢né pro vice jedinct (pGvodnich matric), které by po otisku z drevéného negativu
mohly byt dale propracovany v podrobnéjsich detailech, jako tomu patrné bylo i v pfipadé jedinct z Lipnice i Ivancic.
Dalsi srovnani shodné zarovnanych jedinct se nabizi v pripadé javornické skupiny. PTi jejich prelozeni pres sebe je na
zakladeé shodné metodiky, ktera byla demonstrovana v predeslych pripadech, moZné fici, Ze obecné se reliéfy vyzdoby
prostorové neodliSuji, coZ je viditelné predevsim na konturach postav (obr. 24).

Prestoze z predchdzejici analyzy vyplyv4, Ze se modely skupin z Javornika a vSech ostatnich co do velikosti lisi, po srov-
nani jejich odlisné velikosti je mozné provést test korelace vzajemné proporcionality ve styénych plochdach, v tomto
pripadé pouze fragmentu tvare Madony a jejtho okoli (obr. 25). Na zékladé registrace shodnych bodt bylo definovano,
Ze jsou jedinci javornické skupiny mensi o priblizné 18 % (tj. podle translaéni matice dosdhl referenéni model velikosti
0,824 vici skupiné Lipnice—Ivancice). Je tedy mozné vyslovit hypotézu, Ze se v pripadé javornickych kachli jedna o do-
klad vyroby prostfednictvim sekundarni matrice a sekundarniho pozitivu z jiz hotového kachle, coz odpovida poznat-
kGim Z. Hazlbauera (1986, 498).

Cely proces prostorové analyzy je idedlni sumarizované demonstrovat na souboru reliéfnich kachli s motivem rovi-
nilého lva. Zde se objevuji dvé varianty, prvni se lvem (obr. 23.1), druhd s rozetou (obr. 26.2), pficemz se z vyzdobného
hlediska méni pouze stfedovy motiv a okraje kachld s liStami a dalSim dekorem zlistavaji stejné.

Vzhledova podobnost je sice velmi zfetelnd, nicméné aby bylo mozné dalsi metodicky postup uskuteénit, je nutné tuto
zdanlivou korelaci skuteéné potvrdit, coz 1ze provést nékolika metodami. Prvni moznosti je porovnani vzdalenosti
shodnych bodt mezi kachli (obr. 27; podobné postupuje, byt ne mérenim v digitalnim prostredi, napr. Ernée—Vitanov-
sky 2003).

Druhou metodou, ktera zaroven sleduje korelaci shody morfologické struktury naskenovanych artefaktd, je porovnani
cloud-to-cloud povrchu 3D model artefakti (metodologicky popsané a definované vyse). Toto srovnani bylo provedeno
mezi vSemi modely nesoucimi stejny motiv, v definované oblasti centralniho motivu, s velmi podobnym vysledkem.
Byt se v jemnych detailech modely drobné lisi, celkové znaky motivu a jejich vzajemnd proporcionalita vykazuji velkou
miru shody (obr. 28). Diky tomu bude mozné nasledné komparovat tuto skupinu reliéfu s motivem provinilého lva pro-
stfednictvim jednoho definovaného zastupce (Brno, Radnicka) s reliéfem stfedového motivu rozety.

Pri srovnani kachld s odliSnymi prvky centralniho dekoru je nutné odstranit tyto definujici oblasti, protoze by jinak
naprosto znehodnotily komparac¢ni matici svymi extrémnimi hodnotami. I pfes absenci figurdlniho motivu, nebo ales-
pon jeho Casti, je mozné tyto jedince komparovat prostrednictvim okrajové listy a dalSich prvk. Ve vysledku vykazuji
artefakty velkou shodu podobnosti v obecné morfologii, nicméneé se lisi v detailech. To vSe je vSak pravdépodobné zapri-
¢inéno odlisnou formou, ¢i vyrobnim postupem.

VSechny kachle s motivem provinilého lva nemohly byt uspokojivé porovnany prostfednictvim komparace povrchu 3D
modelu z nasledujiciho dévodu. U glazovanych kachld dochézi k urcité ztraté detailu geometrie jedince, nebot drobnéjsi
prohlubné Celni vyhtivaci stény jsou glazurou nezridka cele zality. To se na prvni pohled neprojevi, nebot vétsi mocnost
vrstvy glazury, kterd byla vytvrzena vypalem, pisobi v téchto prohlubnich opticky jako stinovani draperie, takze do-
jem hloubky zlistava (viz obr. 30.1, 2). Nicméneé pri bliz§im ohledani zjistime, Ze se detail nedochoval a byl by dostupny
pro zkoumdni pouze metodou, kterd je schopnéa odliSovat denzitu materidlu (tedy nikoliv optickou, jako je obrazova
korelace, ale napriklad vypocetni tomograf). Tato skute¢nost tedy komplikuje objektivni zkoumani artefakt z hlediska
prostorové analyzy 3D modelu a je vhodnéjsi sahnout po analyze RTI vystupt. Jak vidno z obr. 29, ani to vSak neziidka
nezajisti vétsi detail. Kombinaci riznych nastaveni svételnych podminek vSak lze dosdhnout alespon ¢aste¢ného zvy-
raznéni plasticity reliéfu (napt. Bennison-Chapman-Hager 2018).

Metoda srovnani morfologie artefakti prostfednictvim RTI je demonstrovana na piikladu kachli umisténych v kam-
nech na brnénském hradé Spilberku. Tyto kachle jsou glazované, coZ z nich éini materidl idedln{ pro pripadovou stu-
dii. Pro zvySeni presnosti je vZdy dobré provést ovéreni presnych rozmért vysledk@ RTI srovnanim se zamérenim
nékolika jednoticich bodd na 3D modelech. Ze skupiny samostatnych kachld byl jako referen¢ni vybran model kachle
z Brna, Radnické ulice, ze $pilberské skupiny Spilberk_lev02 (vzhledem k predchozi analyzou potvrzené morfologické
identi¢nosti se zbytkem kachld tvoricich kamna), nedisponujici Zadnym bliz§im identifikatorem. JiZ na prvni pohled
je evidentni, Ze artefakty se velikostné naprosto neshoduji. Z translac¢ni matice vyplynulo, Ze rozdil ¢ini priblizné 10 %
(obr. 31). Tato hodnota se pohybuje na horni hranici vysledki Hazlbauerova tymu (Hazlbauer et al. 1986) — z toho mutzZe-
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Obr. 23. Bily fragment z Ivanéic, prelozeny pres modry z Lipnice. Odchylky podobnosti jsou
vizualizovany pomoci $kalového modelu prelozeného pi'es pivodni modely.

Obr. 24. Vybrané 3D modely jedincii javornické adorace pfe- Obr. 25. PFekryv modeld referenénich jedincti vyjadieny ba-

loZené pres sebe. revnou $kalou prelozenou pres mra¢na boda reprezentujici
oba povrchy (Cervena znac¢i nejmensi shodu — coZ v tomto pri-
padé je dano tim, Ze ¢ast reliéfu s rukou Madony na referenc-
nim kachli z Ivanéic chybi).
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Obr. 26. 1 - Centralni motiv provinily lev (Brno, Panska 6); 2 — centralni motiv rozeta (Vy$kov).

6394 6395 6396

Obr. 27. Kachle s motivem provinilého lva, 3D model standardizovaného vzhledu, velikost se 1i§i v fddu nékolika milimetrd.
1 - Brno, Panska 6; 2 - Brno, Radnicka; 3 — Brno, Zamecnicka 1 (srov. kap. 4e).

me vyslovit hypotézu, Ze autori otiskli stfedoveky kachel do néjakého dobové dostupného materidlu (sadry?), ktery za-
choval ptivodni rozméry origindlu. Z takto vzniklé formy pak vyrabéli keramické kachle z materidlu zvlhéeného patrné
ve 30% pomeéru, ktery se prisuseni a castecné i béhem vypalu smrskl o 10 %. Kdyby otiskli pivodni kachel do hliny, aby
ziskali keramickou negativni formu, muselo by byt zmengeni kachld dvojnasobné.

Pouhé srovnani velikosti v§ak neni dostacujici, pro doplnéni vypovédni hodnoty modelu je nutné také porovnat pro-
porce morfologie artefaktu. Vzhledem k zaliti reliéfu glazurou neni mozné porovnat detaily prostfednictvim cloud-to-
-cloud komparace a je vhodnéjsi pouzit srovnani prostfednictvim RTI. To probéhlo vzhledem k odlisnym rozméram
prostrednictvim prekryvu RTI snimkovych vrstev (obr. 32), nikoliv prostfednictvim srovnani pozic kétovanych vrcho-
14. Z vysledku je patrné, Ze proporcionalita reliéfniho motivu zlistala zachovana (byt se opét v detailu 1i$i — jina matrice).
V dtisledku toho je mozné oznacit a potvrdit glazovanou skupinu jako sekundarni kopii z ptivodniho motivu.
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Obr. 28. Cloud-to-cloud komparace podobnosti povrchli exemplaft z Brna, Panska 6
a Radnicka.
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Obr. 29. Cloud to cloud komparace podobnosti kachle s motivem provinilého lva (Brno,
Radnicka) a rozety (Vyskov).
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Obr. 30. 1, 2 - Glazovany kachel (Olomouc, Barvirska): 1 — detail glazury; 2 — identicky vyrez detailu, normalova mapa dokumen-
tujici malou plasticitu povrchu zalitého glazurou; 3 — rezny kachel (Brno, Radnicka), stejny vyrez detailu normalové mapy pro
srovnani vyzdoby.

spilberk_lev02

6395

015

Obr. 31. Velikostni srovnani modelt Spilberk_lev02 a Brno, Radnicka, které ¢ini cca 10 %.
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Obr. 32. Prekryti RTI snimkovych vrstev, podkladovy model Brno, Radnicka, pres né€j Spilberk_lev02.

3.6 Souhrn

Vypovédni schopnost modernich digitdlnich technologii je naprosto jasna a nezpochybnitelnd (Yilmaz et al. 2007). Ne-
destruktivni povaha, snadnd manipulace s digitalizovanym materidlem a jeho bezproblémové sdileni napti¢ védeckym
spektrem je ¢ini dal§imi nezbytnymi ndstroji moderniho archeologa. Aplikace jakékoliv, byt moderni a trendy metody
bez jasného cile by byla samoucelna. Vzhledem k naro¢nosti akvizice dat, pozadavkim na velké ulozisté dat, porizovaci
cené vybaveni a nutnosti Skolené obsluhy se zatim jedna o uziteénou, nicméné masove neaplikovatelnou metodu, kte-
rou je nutné cilené a presné vyuzivat jako podparnou techniku pro validaci nasich jiz formulovanych hypotéz (Yang et
al. 2020).

Prostiednictvim porovnani 3D modell je mozné odhalit drobné detaily povrchu a definovat shody, ¢i pripadné rozdi-
ly v reliéfu povrchu mezi riznymi jedinci nesoucimi stejny vyzdobny motiv. Tyto zmény lze definovat bud prostred-
nictvim vytyc¢eni bodii/oblasti zdjmu, které informaci nesou, nebo prostfednictvim vytvoreni §kalové mapy, definujici
miru podobnosti zarovnanych oblasti. Diky digitdlni povaze 3D modelu je moZné z hlediska vzdjemné proporcionality
nedestruktivné a ¢asové efektivné srovnavat i jedince nestejnych velikosti a rozdil jejich velikosti exaktné definovat.
Diky tomu je mozné prifknout jedinci jeho misto ve vyrobnim retézci, tj. o kterou tviarci iteraci se jednda (napf. podle
Vitanovsky 2001).

V pripadé, Ze neni mozné pouzit k analyze 3D model, 1ze komparovat povrchové vlastnosti artefaktd prostfednictvim
vysledki plynoucich z metody RTI. Ta umoznuje vizualizovat a mérit artefakty velmi precizné prostiednictvim detail-
niho zaznamu 2D reliéfu a opakovatelné moznosti vyvolat riznorodé svételné podminky na povrchu artefaktu, které
umozni podrobné zkoumat jeho povrch.
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One of the most representative commodities of the medieval and modern ceramic production are relief-decorated stove
tiles, in which we can follow up the content and symbolism of decoration motifs as an evidence of material and spiritual
culture at the time of their origin. From a technological point of view, it is possible to define the development of produc-
tion procedures, both in the construction of tiles themselves, and in the construction of entire heating devices. However,
problems arise when we try to find out how technological novelties and relief motifs have spread among stove builders.
Apart from natural scientific analyses, which have long been used to solve this question (e. g. Loskotovd—HloZek 2017),
we also searched for the possibilities of analysing the relief decoration on tiles from a technological and not from an art
historical perspective. For this purpose, we had to document the reliefs in order to obtain exact data, which were not yet
provided by the standard methods of archaeological research.

No matter whether we follow up the technical or the decorative aspects of these ceramic goods, we must suppose that
the relationship between them is so symbiotic that they considerably influence one another. The technical and manu-
facturing characteristics determine and, to a certain extent, limit the relief design. It is evident that tiles were a valu-
able commodity, which also became widespread in residential interiors of lower social classes in late medieval times.
The potential of this type of artefacts consists in their distribution over the major part of Europe and therewith also in
a statistically significant number of specimens. Extreme technological solutions of several production procedures (e. g.
openwork design) with their high time, material and mainly technology demands put high requirements on professional
qualification because the applied procedures most probably far surpassed the possibilities of ordinary potters.
Leaving aside that every ceramic/stove-making workshop most probably had its own assortment of moulds for produc-
tion of frontal heating panels of stove tiles with many specific decoration motifs, we must take into consideration that
this branch of ceramic production has also produced copies of reliefs. We can suppose that it was partly given by the de-
mand for a particular decoration motif, and partly by the effort to make the production cheaper and faster because the
first phase of the manufacturing process, namely the woodcut negative for the making of a tile mould, dropped out. The
production of pirate copies may have facilitated the distribution of products outside the original target group and region.
Although the following text pays attention to individual decoration motifs, such as the Adoration of the Christ Child
or the Guilty lion, we should not forget that the thematic design of medieval stoves was composed of a whole series of
motifs that combined the partial symbolism of individual reliefs into a single unit. The research is also focused on the
definition of connecting elements of relief decoration, which will enable to combine the tile series in variants and in
supra-regional context.

The fast development of computational technology in the area of hardware and software enabled a great progress in
digitisation of several analogue documentation techniques. Maybe none of the documentation methods described be-
low has its origins in the field of archaeology. We can with high certainty say that these documentation methods were
originally developed for technical, more precisely engineering disciplines (land surveying or mechanical engineer-
ing). However, archaeological community always relatively quickly grasped the opportunities offered by other disci-
plines and used them with more or less success. One of them is Image-Based Modelling (Alshawabkeh—Haala 2004). The
method, which previously used analogue photographs, elementary geometrical and goniometrical considerations and
provided valid data for more than hundred years, is now in its digital form very often used to collect data for metrical
analyses. For example, Image-Based Modelling was already used to document and analyse cultural and historical mon-
uments at the beginning of the twentieth century (Wilczek et al. 2014). The benefits of this method are also emphasized
and accentuated by the current trend in archaeology.

3.1 Research questions

The aim of this case study is to examine the applicability of freely available optical documentation methods and to
increase the exploitability of information potential of archaeological artefacts. Among these commonly used methods
of archaeological analysis are: drawing and photographic documentation, a technique resulting in three-dimensional
data (Image-Based Modelling — IBM, or 3D scanning) and RTI — Reflectance Transformation Imaging.

For decades already, drawing documentation of artefacts has an absolutely unshakeable position in archaeological
practice. It enables to suppress unimportant parts of an object and, the other way round, capture and emphasize the
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substantial parts. The use of this method for subsequent analytical processing of data is therefore disputable because
the record of reality might not be faithful and objective enough. Seen from this perspective, the largest plus thus par-
adoxically turns into a minus. Although each of the above-mentioned methods is to a certain extent determined by the
personal traits and specifics of the documentalist who projects his/her own skills and experience into the results, this
method is the most subjective one.

Photographic documentation, on the other hand, seems to be objective because it only creates durable images by record-
ing light on a stable medium. But it is not so — it is also here that the image of an artefact is influenced by the method
and technique used. The spatial properties of a photographed artefact depend on the lenses and cameras used. This
phenomenon can of course be partly compensated by using various software filters and rectification calibrations. How-
ever, it is still true that photographic image is a very easily susceptible platform, creating space for a spatial data readout
error (Kosmelova—Nosek 2020).

The techniques of 3D data extraction naturally comprise more methods, such as computed tomography (CT) or 3D X-ray,
but these variants of acquiring spatial data are not very frequent in archaeological practice (for reason of their expen-
siveness and difficult accessibility), despite their great potential for this discipline. We could also add here the contact
digitiser, but this method was already surpassed by 3D scanning or image-based modelling. This category of docu-
mentation methods is intended for an accurate recording of spatial data (within the possibilities of the hardware and
software used), because the captured data are primarily expressed in spatial coordinates, which can be used for further
analyses. This method is very suitable for the investigation of morphology and surface of artefacts, because the data can
indeed be displayed only in their spatial form, without colour information which can often be confusing for the observ-
er. The 3D recording method used with this case study was image-based modelling instead of a 3D scanner. The main
reasons for this choice were: flexibility in documentation of morphologically variable artefacts, time effectiveness, the
possibility of using a polarising filter for the scanning of artefacts with reflexive surface, and the quality of acquired
texture, which is a photorealistic layer covering the surface of a 3D model and making it visually faithful to the original.
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Fig. 1. Example of fragmentary material on a detail of relief decoration from two specimens of tiles
(Ostrava—Kostelni).




DOCUMENTATION

These points, together with good resolution and accuracy of the record and mainly the purchase price of necessary
equipment, make the image-based modelling ideal for documentation of archaeological artefacts.

A specific intersection of the above-mentioned techniques might be the RTI — Reflectance Transformation Imaging. It is
a method of imaging with controlled illumination, where an object is photographed from a stationary camera position,
but light is projected from different directions. Lighting information from the images is mathematically synthesized to
generate a mathematical model of the surface, enabling a user to re-light the RTI image interactively and examine its
surface on a screen. Although this method is mainly suitable for flat artefacts and spatially voluminous objects with
multi-level morphology, it is a very accurate and detailed method of how to record the spatial information of an artefact,
paradoxically enough, with no influence of light and colour of the original artefact.

The above-mentioned methods of recording the shape and other visual properties of artefacts are investigated in this
case study both separately and simultaneously, in order to test the suitability of their combination. The aim is to find
out which of these methods and synergies are applicable, which of them have some problems, and which are completely
unsuitable for creation of source materials for further analyses.

However, this all is only a matter of technology of data collection in the future. From an archaeological point of view, it
is important that this method might help to define and follow up the original source of the analysed relief, production
lines and at the same time also pirate copies (the moulds for these specimens were made from imprints of the final tile).
The newly acquired data, in addition to natural scientific analyses, represent another validation tool with certain infor-
mation value for the fundamental problem of localising the primary and secondary production centres and following up
the transfer of commodities — raw material as well as finished ware.

The aim is to formulate a methodical approach, which will analyse the morphology of a specific type of archaeological
artefacts and will define its affiliation with certain production branch of a particular decoration element.

3.2 Method

To verify the properties and suitability of individual recording techniques, two sets of artefacts from different locations
were chosen. The artefacts exhibit different optical features, but some of them might be of the same origin. It is a set of
stove tiles bearing the motif of Adoration of the Christ Child (see Chap. 4b) and a set of tiles with the motif of Guilty lion
(Fig. 2; see Chap. 4e).

These sets were chosen because of an adequate number of tested specimens. All of them also bear an identical area,
which is large enough to eliminate random errors in determining the level of inter-similarity. The specimens with the
motifs of Adoration of the Christ Child and Guilty lion are quantified in Tab. 1.

Fig. 2. 1 — Visualisation of a fragment with the motif of Adoration of the Christ Child in its original form, with Virgin Mary
kneeling on a two-cusped arch (Velké Mezifici); 2 — visualisation of a reduced motif of Adoration of the Christ Child (Javornik);
3 —visualisation of the relief motif of Guilty lion (Brno).




SOURCES AND DISTRIBUTION OF SELECTED HIGH AND LATE MEDIEVAL POTTERY PRODUCTS

Motif Location Number of pieces
Guilty lion Brno 5
Guilty lion Olomouc 1
Guilty lion - stove Brno - Spilberk 2
Adoration of the Christ Child Javornik — Jansky vrch 26
Adoration of the Christ Child Velké Mezifici 1
Adoration of the Christ Child Lipnice nad Sazavou — hrad 1
Adoration of the Christ Child Ivancice 1

Tab. 1. Quantification of tested specimens.

The inter-comparison is particularly interesting with
stove tiles from the “adoration” group, because they
come from remote geographic regions. The situation in
the case of artefacts from the “lions” group is different
because the examined set of specimens from Brno was
extended by another specimen from Olomouc and by two
tiles from a still standing stove at the Spilberk Castle in
Brno. The last mentioned two pieces were included in
comparative tests because it can be reasonably supposed
that they are copies of some medieval originals. The
stove was built during the World War II within a rebuild-
ing of the room in the south-eastern corner of the castle
to a dining hall for non-commissioned officers (Fig. 3, see
also Chap. 4e). The comparative analysis thus might indi-
cate, from which original the copy was made, or whether
or not the copies were made from more specimens.

The comparison of differences or concordances in arte-
fact morphology is carried out at several levels. The first
level is a comparison of metrical quantities of the doc-
umented artefact, the second level is an assessment of
similarity in specific surface anomalies (surface defor-
mation, manufacturing traces etc.), which may indicate
the same production procedure, or even an identical
mould or matrix which gave rise to the tile. The accura-
cy of tested procedures with regard to the assessment of
metrical analysis proved to be relatively easy to evaluate.
The drawing, photographic or other layouts (visualis-
ations) were confronted with the original at specific plac-
es. The reliability of the second comparative category
was more difficult to evaluate because the results of ap-
plied methods are in principle very different. Therefore
it was necessary to be subjective and to approach every
artefact and method separately.

It turned out that drawing is not able to sufficiently cap-
ture the complex shape of relief decoration. Moreover,
it was not possible to reliably capture the spatial infor-
Fig. 3. Tile stove with the motif of Guilty lion in what is now mation of an artefact. The accuracy, particularly in com-
the wine tavern at Spilberk Castle in Brno. plicated segments of the relief, varied with a deviation
of several millimetres, which is by far not a satisfactory
result.
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Fig. 4. Differences in colour and appearance of specimens bearing the same motif.

The readout of surface anomalies from photographic documentation was not conclusive, either. Although the images
were formally correctly freed from the distorsion caused by the lens used (software Affinity Photo, Serif company) and
were subsequently referenced in the ImageJ programme (developed by Wayne Rasband), the optical properties, such as
texture and illumination of the documented artefact, hindered an adequately accurate evaluation.

When 2D photographic images shall be used as a base for the readout of spatial properties and analysis of the artefact
surface, as shown on the process of application of the RTI method described below, we achieve much better results when
the evaluation is based on data without the texture component. In this case, the surface morphology is revealed much
more reliably. For this reason, the analysis was made using the image-based modelling and RTI methods.

3.3 Data collection — Image-Based Modelling

This spatial documentation method has been successfully and with increasing intensity used in archaeology for several
decades already (e.g. De Reu et al. 2014, or McCarthy 2014) and is rightfully valued for its qualities. Its application con-
sists in a geometric reconstruction of documented objects by evaluating the spatial data from multiple photographic im-
ages. The method identifies in these pictures identical specific points (pixels or their clusters), which help to determine
the position of the measuring stand (the place from which the photograph was taken) in space (see Fig. 5).

On the basis of the focal length of photographs, the software can calculate spatial depth of the 3D record. By assembling
a sufficient number of measuring images that were taken from an adequate number of positions around the photo-
graphed object (see Fig. 6), it is then possible to reconstruct the entire spatial information of the documented context.
This process enables to reconstruct very accurately the overall form of an artefact, from its geometry (capturing the
surface morphology of the artefact) to the texture (capturing its appearance, colour and other visual qualities, which are
not included in a common spatial description; Fig. 7).

The data for virtual reconstruction of an artefact were collected with the help of a standardised method using an auto-
mated turntable and a set of cameras Nikon D7200 with a Nikkor macro lens with a fixed 60 mm focus. Standard cam-
era settings (when not given by the specific properties of an artefact) were f/18 aperture and % shutter speed, ISO 100.
The evaluation of data, as described in the appendix, was carried out with the Agisoft Photoscan Pro software (version
1.6. by the Agisoft company). The reconstructed 3D model of the artefact was adjusted to reach the total of 2.5 million
polygons, which is an empirically verified sufficient number of polygons, giving a mesh resolution suitable to preserve
an adequate detail of the surface that is necessary for its thorough examination (similar to Pefia-Villasenin et al. 2019).
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Dokumentovany predjnét Mé&figské stanovisté 3

Mé&Fiéské stanovists 1 Méricske stanoviste 2

Fig. 5. Triangulation of horizontal positions of photographs based on the image overlap.

Fig. 6. The shift of measuring circles and their spatial distribution, the position of images is mar-
ked in blue.
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Fig. 7. Visualisation phases of a 3D model.

3.4 Data collection — RTI

This computational method derives information on the shape, surface and colour of objects from photographs and ena-
bles to interactively re-light the captured artefact from any position selected by the user. This changing interplay of light
and shadow in the image discloses fine details of the object’s surface, which makes this method ideal for examining
the decoration or manufacturing traces on artefacts (e. g.
Newman 2015).

The data were evaluated using the RTI Builder software
(developed by Cultural Heritage Imaging). However, the
data collection method is nearly the same also when
the evaluation is made with some other programme. It
is based on the principle where a stationary artefact is
photographed by a camera in fixed position and the only
changing factor is the position of the light source. This
position is recorded with the help of a reflexive sphere,
which serves as a measurement marker of the intensity
and direction of light shed on an artefact (Fig. 8).

With regard to the fact that this method records an arte-
fact with the help of documentation photographs, it ena-
bles to capture not only the object’s geometry but also its
colour. The images are therefore equipped with a calibra-
tion colour chart, which enables to reconstruct back the
accurate colour of an artefact. If we align the chart with
the upper edge of the artefact, we can use it as a reference

scale. This way we can derive from the image also spatial
Fig. 8. Reflections of the light source rotating around the mar- data on the captured area.
ker and an artefact at various angles and positions.

Since the method is very sensitive to the surrounding
light conditions, pictures must be taken so that the refer-
ence sphere, from which the reflectance of the light source is calculated, is directly illuminated by no other light than
that with controlled motion.

As shown in Fig. 12, the motion of the light source along the artefact is an invaluable tool for examination of the object’s
relief surface. Each change of the position of light falling on the surface discloses the relief details in a different way
and highlights the traces which are otherwise difficult to observe. The smooth motion of light along the artefact and its
repeatability and at the same time recordability count among the greatest advantages of this documentation technique.
The positives of this method are easy to recognize and are described above. Among the negatives we must name the
possible dependence of the image accuracy on the lens used. However, this weakness can be remedied by calibrating the
images according to EXIF data in an external programme (for example Affinity). The lens distortion is thus controllable
and it must not necessarily be projected into resulting data. The image quality is also influenced by the ISO values used
and, for example, by the aperture size during data acquisition (this can be partly prevented by calibrating the lens at
a particular focal length — e.g. Gajski et al. 2016). Important is that the mutual position of the artefact and the camera
must not change, otherwise a whole series of images will be devalued.
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Fig. 10. Specular visualisation with well visible relief and shading on the artefact.
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Fig. 11. Normal visualisation with well visible relief and traces on the artefact‘s surface.

Fig. 12. Various directions of the light falling on
the artefact’s surface, whose orientation is visu-
alised on the sphere on the right. Bottom right is
a normal visualisation, which shows the comple-
te visible morphology of an artefact, including
various manufacturing traces and use-wear
marks.
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The only factor which cannot be influenced is the image quality given by the lens properties at a particular setting. Even
high-quality lenses may adversely affect the peripheral areas of an image. Therefore it is suitable to not photograph an
area of an artefact through the entire camera frame but to leave a certain distance in peripheral regions. This way we
can mostly avoid a distortion of the interest area and an uneven quality of data.

The data in our case were collected with a Nikon D750 camera using a Nikkor macro lens with a fixed 60 mm focus.
Standard camera settings (wWhen not given by the specific properties of an artefact) were /10 aperture and ¥ shutter
speed, ISO 100.

3.5 Data evaluation

By using both of the above-mentioned documentation techniques we get an excellent combination of data, where the ima-
ge-based modelling provides complex morphological information on an artefact, including a generally accurate image
of decoration, and RTIis then used with interest areas, where it can identify manufacturing traces, whole relief parts etc.
By combining these techniques we can thus achieve a relatively complex investigation of metrical characteristics and
morphology of a tile (Figs. 13 and 14).

Although the surface resolution in both visualisations made with the above-mentioned two methods seems to be very
similar, a closer look at details reveals that the RTI method is more suitable for a thorough examination of the surface.
However, this method can only be used for the documentation of flat areas and it is not able to depict various areas of an
artefact at the same time.

Nevertheless, we must keep in mind that such resolution and quality of data could not yet be achieved in our discipline
few years ago. It is thus a considerable shift forward in the methodology of examining the morphology of artefacts.

The original intent was to find out possible similarities and relationships between tiles by a comparison of 3D models of
their frontal heating panels, in which the possible shape correlation can be best defined. The aim is to follow up differ-
ences and concordances in relief decoration on 3D models and then define possible identity of specimens. It is theoreti-
cally also possible to determine the similarity on the basis of technological traces, for example on the basis of technical
construction of a complete specimen, but this methodical approach would be very difficult to apply due to uniqueness
of material and its less common occurrence, fragmentariness and incompleteness. We must also keep in mind that
the production sequence comprises a separate making of wheel-thrown tile bodies and relief-decorated frontal heating
panels and their subsequent completing, which would secondarily enable to follow up the same technical solutions in
tiles with completely different relief decoration.

However, in the course of time this approach proved to be hardly applicable because the comparative material is so
fragmentary that it is very difficult to find a suitable area with sufficient information value for a software comparison.
Even in the case of data with high resolution and accuracy of record we thus work with models which do not provide
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Fig.13.1 - 3D model with depicted normals; 2 - RTI normal visualisation.
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enough space for possible comparison (Fig. 15). With re-
gard to the fragmentariness of documented artefacts we
thus do not always get a sufficient data overlap for a reli-
able analysis.

The compared area must be adequately large to provide
the same level of detail. The condition is valid when the
models of particular artefacts are compared directly
with one another instead of using their elastic compari-
son to generate an average model, which would serve as
the basic comparative sample. However, such a model is
difficult to extract from that fragmentary material and it
would not be suitable for the objectives of this research.
Even if the fragmentariness would not matter and we
would find among the specimens sufficiently large are-
as to be compared, we must keep in mind that ceramic
tiles, although in a mass production, exhibit relatively
large individual differences caused by the manufactur-
ing process. The frontal heating panels are thus various-
ly deformed in all axes and the most marked differences
are visible in the axis perpendicular to the front of the tile
(Fig. 17). Unfortunately, these differences do not create
any specific pattern with concordances, so that we can-
not identify whether or not it is some specific evidence of
one part of the production sequence or a particular pro-
duction method.

The comparative process encompasses not only re-
lief concordances but also manufacturing traces that
emerged during shaping of the relief (Fig. 16.1). Among
them are deformations caused by tipping the still mal-
leable clay body out from the mould, or traces of contact
of the material with the manufacturer’s hands or tools.
Another significant factor, which considerably extends
the range of forms and reduces the extent of a comparable sample, are author’s adjustments, which have supplemented,
remade (Fig. 16.3) or trimmed (Fig. 16.2) the decoration motif.

The relief of the specimens from Ivancice and Lipnice nad Sazavou (Fig. 18.1, 2) contains well readable details, which
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Fig. 14. Comparison of resolution in the applied methods.
1-SfM; 2 - RTIL.

specimens 1 and 2 is much more detailed and bears traces of a thorough elaboration. Its absence in specimens 4 and

IVANCICE LIPNICE VELKE MEZIRICI 1AVORNIK A1488 JAVORNIK A1491

Fig. 15. Identical motif on the surface of various tile fragments.
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1 2
Fig. 16. Various types of adjustment of the decoration relief. 1, 2 — Javornik; 3 — Lipnice.
Coord. T
LB
LET2
10704
1088445
1066473 ]
108
LoAZSE
1060S41
1. meses '
L0meRE0
LEEELD
LS
LOSEED
L8
1.048T00
LEHATIE
LTy

Fig. 17. Visualisation of the height map of a model and different deformations of the original frontal heating panel.

5 might be given by the abrasion of the mould or the original version from which they were derived, or by the production
procedure used (Ernée—Vitanovsky 2003, 548). This is particularly evident in a comparison with the specimens from
Javornik, mainly on the aureole and on the design of angels. Specific shift in the morphology of tiles is visible on the
sitioned on a complete arch). The format of the tiles from Javornik was most probably adjusted for being used with some
other stove construction. The Adoration motif on the original series of tiles in rectangular format is set into an identical
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framing based on a two-cusped arch. Rounded bars projecting from the arch are crossed in the upper corners of the
panel. Individual figures of all reliefs are positioned on this arch. In the specimens from Javornik, only the upper part
of the arch is preserved. Another evidence of a different production is the overall proportional reduction of the speci-
mens from Javornik by approximately 18 % against the other tiles. Also different is the condition and low sharpness of
decoration details. The reason thereof might be the abrasion of the original, from which the form/forms for the Javornik
collection were made by impression. The analytical process described below at least partly responds to our search for
the way of how the ceramic tiles and their possible subsequent copies were manufactured.

For a better orientation and visualisation, from the most extensive set of tiles (at least 26 specimens) with the motif
of Adoration of the Christ Child from Javornik — Jdnsky vrch we chose only a few most complete specimens, which
were compared and preliminarily classified as identical with small variations. The comparison of discovered types and
groups of tiles is herewith more apparent.

As it is evident from Fig. 17, the frontal heating panel of tiles is variously deformed. It was visualised in the Cloud
Compare software by superimposition of the height map to the models, which were identically oriented on the basis of
specific points found in all specimens. In these two specimens, for example, we can say that the artefacts are laterally
deformed by torsion against the central axis. This is an important detection because the comparative shape analysis
would find out considerable deviations in these two specimens, even if they would be produced with the same mould.
Similarly, the specimens of the Javornik group and the other specimens cannot be primarily inter-compared on the
basis of different dimensions with parallel maintenance of the same proportions (Fig. 18). Even if we would take into
consideration possible degree of shrinkage of clay material in the course of the manufacturing process, the difference
is so distinct that we can suppose a secondary production. Experimental tile production has proved a shrinkage caused
by drying, and less by firing, within the interval of 7-10 %. In the case of copied tiles, where the mould is made from the
imprint of a finished product, the reduction in these secondarily produced tiles varies within the interval of 14-20%
against the original specimen (MikSik—Hanykyr—Hazlbauer 1986, 512, on this also Hazlbauer 1986, 502). On the basis of
a coefficient of measured partial distances between specific points on the relief we can thus define the degree of shrink-
age, or rather the differences between individual specimens. Thanks to this, we can subsequently hypothesize whether
it is a primary, secondary or tertiary imprint, ordered from the largest to the smallest one.

So, when we carry out a size comparison of 3D models and then suppose the existence of at least two different variants
(the reduced one from Javornik and the original one, identified with all the other specimens), we can make an indic-
ative superimposition of 3D models, which reveals other irregularities as well as concordances in the geometry. The
alignment of models was based on the registration of specific points situated in the overlapping areas of fragments,
with a priority increasing towards the middle of the tile (where the smallest distortion is caused by the manufacturing
deformation of the tile), for example on parts of figures or on architectonic elements.

The visualisation (Fig. 19) shows that the fragments from Lipnice and Ivancice can be aligned identically — they differ
neither by their dimensions nor by the relief. The tile from Velké Mezifi¢i, on the other hand, corresponds to the pre-
vious two specimens in its size, so that it can be registered with the help of identical elements, but the marginal ledge

Fig. 18. The depicted motif of Adoration with parallel maintenance of spatial proportions, visualised by the underlying raster.
1 -Ivancdice; 2 — Lipnice; 3 — Velké Meziri¢i; 4, 5 — Javornik.
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Fig. 19. Alignment and registration of superimposed mo- Fig. 20. Alignment and registration of superimposed models
dels from the group of unreduced tiles with Adoration of the from the reduced Javornik group with Adoration of the Christ
Christ Child. Child.

Ostrava-Kosteini 50_15_1152 148

Ostrava-Kostelni 50_15_1209 472

Fig. 21. Visualisation of errors in the comparison matrix caused by fissures and missing parts of fragments.
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already exhibits a deviation. However, this deviation is probably not caused by the manufacturing deformation but rath-
er by an insufficient corresponding area and by the deformation of relief in the place of registered orientation markers.
We can thus conclude that only the first two fragments are probably identical.

The specimens from the Javornik group, which show a high similarity both in a metrical comparison and in the iden-
tical design of the decoration motif, also were superimposed on the basis of specific registration points (Fig. 20). The
registration of 3D models was again made with the CloudCompare software without scaling the models, so we can say
that the specimens are of the same origin. Visible differences are mainly observed on the marginal ledges of the frontal
heating panel and are caused by the deformation of the artefact during the manufacturing process.

However, the 3D analysis, which was demonstrated on several specimens with Adoration of the Christ Child, has evident
shortcomings — the determination of concordance is subjective, and the results are considerably influenced by the size
of the overlapping specific area and by deformations of individual specimens. A step towards better accuracy might be,
under specific circumstances, the use of the method of a surface calculating algorithm, which compares 3D data from
various models with one another. The point clouds with similar resolution and density are registered in superimpo-
sition, similarly as it was with the first analysis, and a concordance between their surfaces is searched — in this case
between the nearest neighbours. The result is defined by a transformation matrix and visualised through a height map
showing the concordance rate. This method is demonstrated below on the example of a morphological comparison of
two similar fragments from Ostrava (Fig. 21).

Despite the indisputable accuracy and “hardness” of resulting data, the cloud-to-cloud method of 3D data comparison
adopts from its material all the shortcomings, from which the first presented analysis of superimposed 3D models has
suffered. The colour chart showing a concordance (blue — major concordance of compared surfaces through to red —
minimum concordance) is influenced by areas of the point cloud which cannot be identical - fissures in the artefact, its

Fig. 22. The use of reference markers on the surface of a frontal heating panel.
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manufacturing deformations and others. The concordance in details is thus outshined by these anomalies. Although
the models were previously freed from non-overlapping areas with the help of the Blender editing software, it is neither
possible nor acceptable, with regard to accuracy, to reduce all data in this manner.

The suggested solution is thus represented by the last method, which is not targeted at measurement of the surface as
a whole, but at registration of reference markers on the surface of the frontal heating panel — not only decoration ele-
ments, but also all raised anomalies, which can be found identically in 1 to N specimens (Fig. 22). It is the same principle
which criminal investigators use in dactyloscopic analysis, searching for identical points on papillary lines, or anthro-
pologists in osteological analysis of identical features on the surface of skeletal material.

This method, when applied, eliminates a whole area of data. It follows up only the concordances of their parts forming
non-random anomalies, thus eliminating the errors caused by the deformation of clay material during production or
post-deposition processes. The secondary adjustment of the relief, change of overall proportions of the tile or abstrac-
tion of one part of the relief to be used with some other motif also can be captured. Identical details should thus reveal
the original model or a whole sequence of alterations.

The same method was also used to compare the fragments with Adoration of the Christ Child from Lipnice and Ivancice,
in order to validate the applicability of the procedure. The two models were adequately reduced only to a selected match-
ing area. Their inter-comparison clearly showed that the contours of the figure, aureole and building elements have
nearly the same curves. The only striking difference between the models are the rays of the aureole, which appear in
different numbers and at different angles. This is the only point at which the models markedly differ from one another.
It is undoubtedly an evidence that these two specimens have at least one of the initial production phases common. The
question of why they differ in fine decoration details cannot be clearly answered with the help of a 3D surface analysis.
Nevertheless, we can formulate a hypothesis, which would confirm the suggested tile manufacturing procedure after M.
Vitanovsky (2000). He supposed that the motif was primarily captured in a wooden negative, from which subsequently
the production matrix was made. The products would exhibit identical size features that are common to multiple spec-
imens (original matrices). After impression from the wooden negative, they could be additionally elaborated in minute
detail, as it probably was with the specimens from Lipnice and Ivancice.

Another comparison of identically aligned specimens is offered in the case of the group from Javornik. Using the same
method of superimposition as demonstrated on the previous examples, we can generally say that the decoration reliefs
are not spatially different, which is mainly visible in the contours of figures (Fig. 24).

Although from the previous analysis follows that the models of the group from Javornik and of the other groups differ
in size, for the comparison of their different size we can make a correlation test of mutual proportionality in matching
areas, in this case only in a fragment of Madonna’s face and its surroundings (Fig. 25). On the basis of registration of
specific points it was defined that the specimens of the Javornik group are smaller by approximately 18 % (i. e. accord-
ing to a translation matrix, the reference model reached a size of 0.284 towards the group Lipnice—Ivanéice). We can
thus hypothesize that the tiles from Javornik represent an evidence of production with the help of a secondary matrix
and a secondary positive from an already finished tile, which corresponds to the detections by Z. Hazlbauer (1986, 498).
The entire process of spatial analysis can be ideally demonstrated on a set of relief tiles with the motif of Guilty lion.
They comprise two variants — the first one with lion (Fig. 23.1) and the second one with rosette (Fig. 26.2). Only the cen-
tral decoration motif changes, while the margins of tiles with ledges and other décor remain unchanged.

The visual similarity is very distinct, but the methodical procedure cannot be carried out until this seeming correlation
is confirmed in reality. This can be done with multiple methods. The first possible method is a comparison of distances
of specific points between tiles (Fig. 27; similar procedure, although with no digital measurements, was applied e. g. by
Ernée-Vitanovsky 2003).

The second method, which at the same time follows up the correlation of concordance in morphological structure of
scanned artefacts, is the cloud-to-cloud comparison of the surface of 3D models of artefacts (methodologically described
and defined above). This comparison was made between all models with the same motif, in the defined area of the cen-
tral motif, with a very similar result. Although the models differ from one another in minute details, the general char-
acteristics of the motif and their mutual proportionality exhibit a high concordance rate (Fig. 28). Thanks to this, it will
be possible to compare this group of reliefs with the motif of Guilty lion through a single defined representative (Brno,
Radnickad) with the central motif of a Rosette.

When we compare tiles with different elements of the central décor, it is necessary to remove these defining areas,
otherwise they would completely debase the comparison matrix by their extreme values. Despite the absence of figural
motif, or at least a part thereof, it is possible to compare these specimens with the help of the marginal ledge and other




DOCUMENTATION

Fig. 23. White fragment from Ivanéice superimposed to the blue fragment from Lipnice. The de-
viations of similarity are visualised with the help of a scale model overlaying the original models.

Fig. 24. Superimposition of selected 3D models of specimens Fig. 25. Overlap of models of reference specimens, expressed

with Adoration from Javornik. by a colour scale that is superimposed to point clouds repre-
senting both surfaces (red signifies the smallest concordance
in a place where one part of the relief with Madonna’s hand on
the reference tile from Ivancice is missing).
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Fig. 26. 1 - Central motif of a guilty lion (Brno, Panska 6); 2 — central motif of a rosette (Vy$kov).

6394 6395 6396

Fig. 27. Tiles with the motif of Guilty lion, 3D model of standardised design, the size differs by several millimetres. 1 — Brno, Pan-
ska 6; 2 — Brno, Radnicka; 3 — Brno, Zamecnicka 1 (cf. Chap. 4e).

elements. As a result, the artefacts exhibit a high concordance of similarity in general morphology, but they differ in
details. However, this is probably caused by a different mould or manufacturing procedure.

Not all the tiles with the motif of guilty lion could be satisfactorily compared using the comparison of 3D model surface
and the reason was as follows. Glazed tiles exhibit a certain loss of detail in their geometry because small depressions
on the frontal heating panel are often completely covered with glaze. This is not apparent at first glance because the
large thickness of the glaze layer, which was hardened by firing, makes in these depressions an optical impression of
shaded drapery, so that the impression of depth remains (see Fig. 30.1, 2). However, a thorough examination reveals
that the detail is not preserved and it could only be studied with a method which is able to distinguish the material
density (i. e. not an optical method, such as image correlation, but, for example, the computing tomography). This fact
thus complicates an objective examination of artefacts from the perspective of spatial analysis of the 3D model, so it is
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Fig. 28. Cloud-to-cloud comparison of surface similarity in the specimens from Brno, Pan-
ska 6 and Radnicka streets.
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Fig. 29. Cloud-to-cloud comparison of similarity in tiles with the motif of guilty lion (Brno,
Radnicka) and rosette (Vy$kov).
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Fig. 30. 1, 2 — glazed tile (Olomouc, Barvirska): 1 — glaze detail; 2 — identical section of detail, normal map documenting the low
plasticity of glazed surface; 3 — unglazed tile (Brno, Radnicka), the same section of detail of the normal map for a comparison of
decoration.

spilberk_lev02
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Fig. 31. Size comparison of models Spilberk_lev02 and Brno, Radnicka, the difference is approximately 10 %.
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more suitable to analyse the RTI outputs. As it is evident from Fig. 29, this method often does not provide a greater detail,
either. However, by a combination of various settings of light conditions we can achieve at least partial accentuation of
the relief plasticity (e.g. Bennison-Chapman—Hager 2018).

The method of comparing the morphology of artefacts with the help of RTIis demonstrated on the example of tiles incor-
porated in a stove at Spilberk Castle in Brno. These stove tiles are glazed, thus being an ideal material for a case study.
In order to enhance the accuracy, it is always good to verify the exact dimensions of RTI outputs by a comparison with
several measured unifying points on 3D models. From the group of individual isolated tiles we chose the model of a tile
from Radnicka Street in Brno as a reference specimen. From the group at Spilberk, we chose the tile Spilberk_lev02
(with regard to its morphological identity with the remaining tiles of the stove, confirmed by previous analysis) without
any more specific identifier. It is already evident at first glance that the artefacts are absolutely different in size. From
the translation matrix followed that the difference is approximately 10 % (Fig. 31). This value varies around the upper
limit of results achieved by the Hazlbauer’s team (Hazlbauer et al. 1986) — from this, we can draw a hypothesis that the
authors impressed a medieval tile into some material available at that time (plaster?), which maintained the original di-
mensions. Afterwards, they used this mould to produce ceramic tiles from a material probably moistened at 30 %, which
then shrunk by 10 % during drying and partly also during firing. If they would have impressed the original tile into clay
to acquire a ceramic negative mould, the size reduction of tiles would be twice as large.

However, mere size comparison is not sufficient. It is also necessary to compare the proportions of artefact morphology
to supplement the information value of the model. Since the relief is coated with glaze, the details cannot be compared
using the cloud-to-cloud comparison. More suitable for this purpose is a comparison with the help of RTI, which was
conducted using the superimposition of RTI image layers (Fig. 32) instead of aligning the positions of specific vertices.

Fig. 32. Superimposition of RTI image layers, base model Brno, Radnicka overlaid by Spilberk_lev02.
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From the result is evident that the proportionality of the relief motif was maintained (although it differs in detail again —
different matrix). Therefore we can classify and confirm the glazed group as a secondary copy of the original motif.

3.6 Summary

The information potential of modern digital technologies is clearly evident and indisputable (Yilmaz et al. 2007). Their
non-destructive character, easy handling of digitised material and its problem-free sharing throughout the scientific
spectrum makes them another useful tool of modern archaeologists. The application of any method, even a modern and
trendy one, would be purposeless without clearly defined goals. With regard to the difficulty of data collection, demands
for a large data storage capacity, high purchase price of equipment and the necessity of trained staff, this useful method
is not yet widely applicable. It must be used purposefully and exactly as a supporting technique for validation of our
previously formulated hypotheses (Yang et al. 2020).

The 3D model comparison is able to reveal minute details of the surface and define the concordances or possible dif-
ferences in the surface relief between various specimens bearing the same decoration motif. These changes can be
defined either by selecting points/areas of interest that bear the information, or by making a scale map, defining the
concordance rate of aligned areas. The digital character of 3D models enables to compare also specimens of different
size in a non-destructive and effective way. The difference in their size can be exactly defined, which helps to identify
the position of individual specimens within the production sequence, i.e. to determine which creative iteration they rep-
resent (e.g. after Vitanovsky 2001). When a 3D model cannot be used for analysis, it is possible to compare the surface
properties of artefacts with the help of results acquired by the RTI method. This method enables to visualise and meas-
ure artefacts very accurately using a detailed record of the 2D relief. It also enables to generate various light conditions
on the surface of an artefact, which enable to thoroughly examine its surface.




