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The Monastery of Saint Naum in Macedonia is parthef UNESCO World Heritage Site “Natural and Cudtur
Heritage of the Ohrid region”. The area is uniqué anly for its architecture but also its outstamgiinguistic
heritage. The monastery was named after Saint Nenohfounded at the end of the 9th century andsied by
many tourists every day. In the transition from tiaethex to the central church, the visitor immealianotices two
shiny white marble columns. These columns carrgumiinscriptions/graffiti, which represent sometted earliest
evidence of the Glagolitic alphabet, a precursothaf Cyrillic alphabet. During the project, prevébu unseen
inscriptions were revealed on the columns.

The huge number of tourists poses a danger toitterie surfaces of the columns, as the constamthimg and

rubbing of the inscriptions is causing deterionatid herefore, there is an urgent need to imageamokive the

inscriptions. Using macrophotography with rakinghli did not work well as the columns’ curvature estdny

surface caused blurring in the images, and sontieeofraffiti were not visible. Therefore, a struet light scanner
with a 3D point resolution of 30 um or less wasduserecord the columns, to both preserve and tekieae unique
graffiti. The recording of the surfaces was deldtely carried out without texture information tockide errors
caused by the shiny and discoloured marble of themns. The resulting high-resolution 3D model barvirtually

illuminated from any angle, for example using raklight, allowing detailed observations and analy$i addition

to digitally preserving and archiving the inscripts, the resulting surface models can be easilysaed by Slavistic
and linguistic experts for a variety of researchppses.
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INTRODUCTION: THE ST. NAUM GRAFFITI DOCUMENTATION ROJECT

The documentation of the graffiti at the Monastefyst. Naum was an interdisciplinary project innoty academics
from Slavonic linguistics and the preservation sceés, carried out by the University of Bamberg. B first
report on the project, see also Kempgen [2019ialiied by Prof. Dr. Kempgen in 2015, the scannivagk was
carried out by the Preservation Sciences departwfetite University of Bamberg during one week irpteenber
and the post processing in the following montherafards.

The project’s aim was the precise 3D documentaifaeveral Glagolitic and Cyrillic graffiti on twoolumns in the
church at the Monastery of St. Naum in Macedorig; resulting models should enable the linguiststtioly and
analyse these inscriptions off site and enhancéetibility of the writings. The 3D-Documentatiohauld work far
better than 2D photos because of the potentiattiiseumultiple lighting scenarios, for example irak light. In
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addition the models can be easily shared with Istguresearchers, for example, over the web. Tiogept was
funded by the Bavarian State Ministry of Educaténd Cultural Affairs and supported by the formed @arrent
rector of the University of Bitola.

THE MONASTERY OF ST. NAUM

The Monastery of St. Naum is located on the Ohwdtelin the south of Macedonia right next to thedeomwith
Albania (Fig. 1). It was founded at the end of @fle century by Saint Naum. The Saint, who diedlifi,9vas buried
in an annex in the monastery’s church. His buriate is visited by a huge number of tourists ety Besides the
grave of the saint, the church is decorated alt sith amazing wall paintings. The monastery is adays part of
the UNESCO World Heritage Site “Natural and Cultitaritage of the Ohrid region”. The site was irised to the
UNESCO World Heritage List in 1979 due for its matwniqueness and in 1980 the inscription wasredd to
cover the area’s built and intangible heritage sTihtluded the region’s ancient Slavonic monasteas well as the
unique spread of education, culture and writinghi& old Slavonic world and other unique featurethmregion’s
preserved ancient city centers [UNESCO 1980].

Today the Monastery of St. Naum is partly recorcdtrd, as the monastery itself was destroyed irl¢tle century
and rebuilt afterwards. The church in the middléhaf complex survived the destruction, but has ribgkess been
renovated several times since it was built at the @f the 9th century. For more information abdwe building

history and the monastery itself see Grozdanov§1.99

Fig. 1. The Monastery of St. Naum, Macedonia 2015.

THE OBJECTS

The main concern of the project was to documengthéfiti on two columns inside the church. Theg &cated in
the nave behind a narthex, which was added tolbech sometime after its construction (Fig Phe columns are
made of white marble and the surfaces have beéshedl The columns are spolia, and the only exjstmains of
the original church.
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The columns are in the shape of double column&epare not cylindrical; the middle part is fladathe front and

the back are roughly halved cylinders. As welltesflat areas, these curved parts also carry ef ioscriptions and
crosses from different times. The bases and capifathe columns are also made of white marblesimdv a big

cross at the front, which is not graffiti but aieinded artistic feature. They also show traces athiming and the
tools used. Today, the surfaces of the columnsshasd capitals are soiled by dirt, dust and candbeand appear
brownish.

As mentioned before, on the columns there are akygealffiti, with varying dates of creation. Mostté back to the
10th or 12th centuries, and some of them have t@emwn since the 19th century. Antonin published som
inscriptions from the Ohrid region, including sofrem the Monastery of St. Naum [Antonin 1886]. Soafieéhem
were drawn, photographed and documented by Antanthby other Slavicists after him [Miljukov 189%ahov
1908; Stefarki1966; Grozdanov 1995]. Besides these rudimentanyapaocumentations, when the project started
there was no satisfactory documentation of theettirstate of the entire columns, including all ginaffiti.

Fig. 2. The columns in the church, surrounded bl p&intings, 2015.

The graffiti vary in size and shape. Though somthe are extremely small, they can still be seith the naked
eye, because the author’s intention was that tlay ke seen and read by other visitors to the plae 3).
Although the writings can be seen, and even thaaghe of them are scratched quite deep into thaseirthey are
barely legible. The crosses on the curved parhefdolumns have in particular been scratched glgaply. The
bigger crosses on the front of the columns are dadumented in 19th century drawings [Miljukov 1898is also
known that the columns carry Glagolitic and Cytilihscriptions. Some of them represent completag#s, others
just a name or a few characters. Even small sketidkea fishnet can be seen.
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Fig 3. 3D model of the right column with crossestoafront.

The Glagolitic script is the oldest Slavic scrigteated by Saints Cyrill and Method in 863. Theg8ldic alphabet
was the precursor of the Cyrillic alphabet, createthe decades later in the capital of the Bulgakiagdom,
Preslav, using the Greek alphabet as its basisifmodporating Glagolitic characters for sounds @reek alphabet
did not have letters for). In the Ohrid region, BEagolitic alphabet was spread by Saints Klimen©916) and
Naum (f 910), disciples of Cyrill and Method. Whilee Glagolitic alphabet was soon phased out iteeas
Bulgaria, it lived on until the 12th century in Madpnia, where Saint Kliment had founded the “Oftrigrary
School” in 886 with Saint Naum succeeding him aschef the school. In Ohrid itself, no inscriptions
manuscripts from that time have survived; thereftine inscriptions in the Monastery of St. Naum amgong the
oldest traces of the early cultural history of 8iavs.

Some characters on the columns are not scratchigddeep into the surface, so the difference tostimeounding
area is in the submillimetre range. In additiore #tratchings partly overlay each other and areethie even
harder to decipher. As mentioned before only thetmeadily noticeable inscriptions have been drawated and
photographed, and a complete documentation canlmtised by Slavicist, and archived to preserverenanent
record for the current state was missing.
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THE DOCUMENTATION WORKFLOW

Recording ancient inscriptions or other delicatiucal heritage with new digital (three-dimensigntgichniques has
been practiced for several years; the technologsesl vary from image based approaches like phqtbgravith
raking light or photogrammetry, more elaborate pgaphic approaches like Reflectance Transformdtimaging
or Image Based Modelling, to the use of many differ3D-scanning technologies using structured lghkaser
technologies [Samaan et al. 2016; Historic EnglaAdi8]. For the previous use of “Structured Lightu®ting”
(SLS) for delicate cultural heritage see also Sahéff al. [2012].

To meet the project’s aims, a high-resolution doentation was needed. It was also vital not to patgraffiti at
any further risk, for example by tracing them, socampletely contact free method for recording waguired.
Simply tracing the graffiti with translucent drawirpaper would not have led to an acceptable resufivay,
because of the very slight depth of most of theripions. A further difficulty was that the worloald only be
carried out at night due to the many tourists alijious visitors in the church during the day. Wog off the
monastery’s opening hours was particularly impdrtéoth to avoid disturbing the tourists, and tmidvbeing
disturbed by them. Another challenge is presentethé fact that the marble columns have been patdishot only
during manufacture, but also due to the constarghimg and rubbing by the visitors. Nowadays, tindage is also
dirty and appears browned at several areas. Asdahee time the columns are shiny due to the marbtg&alline
structure. Another problem when trying to documimgm with photos is the curved structure; even wéking
light, photography does not result in sufficied#gible inscriptions.

The decision to use a high-resolution Structureght.Scanning device was made according to the mgsirtant
challenges: The construction of the columns fronihiea and the surface soiled by candle wax and tedimust.
High-resolution Structured Light Scanning (SLS)}té columns was therefore carried out using a Biditer L3D
5M structured light scanner with changeable lersesblue LED light source [Rahrig et al. 2018]. Tagnera has
a 2448 x 2050 pixel sensor [Carl Zeiss/SteinbicB&Et3]. The changeable lenses allow the resolutidre adjusted
according to the size of the measuring field, whietm improve results in especially delicate ar@da®e entire
columns and capitals were documented with a résalutp to 100 um, giving a precise 3D documentatibthe
current state, and enabling previously unseen iptgmns to be found. Certain areas with particyladkelicate
characters where inscriptions can be seen buteaat sufficiently were documented with a resolutipnto 30 pum.
The higher resolution significantly enhances thghlility and helps to characterize and identify tleey difficult to
decipher characters.

The entire columns, as well as the details, weoerded in short time slots over three nights. Eactumn,
including base and capital, is approximately 1.40igh. The right column shaft itself is 0.98 m higind about 0.46
m deep.

Eight details were recorded in order to better abtlee most delicate inscriptions. In additiontie scanning of the
columns a photographic documentation using rakigty Wwas done.

It was very important to document the Cyrillic a@dhgolitic graffiti because the monastery is viditey many
tourists each day and the inscriptions can beyedaihaged by scrubbing/rubbing the surface, or éyescratching
in new graffiti. If the graffiti were to be destreg, a unique part of the intangible cultural hgétaf the old Slavic
scripts in Macedonia would disappear forever. Slsd as a non-destructive technique — for exanopénhance
the legibility of weathered letters of greek inptions on stone [Papadaki 2015] or bas-reliefs §&athet al. 2012] —
is not a new approach. Nevertheless, the SLS scémme Steinbichler/Carl Zeiss with a blue LED ligdource was
considered to be the best technique to achievaithe of this project, and has produced good regukisveral other
case studies involving marble at the Universitamberg [Rahrig et al. 2018]. The use of laser sicagncan create
an unsatisfactory result on marble because of atiaee reflection due to the marble’s crystallieusture.

Regarding the columns in the church in the MongstéiSt. Naum the surface of the marble is polishetich can

have negative effects like extreme reflectancehefdurface that is impossible to record. The prabhgth using

lasers to record polished marble is that the lpseretrates the material, which then causes emotke surface
measurements. Godin et al. [2001] investigated betlection and subsurface scattering in laboratmyditions

and discovered already a bias in depth measurenteéah causes surface noise.

This phenomenon when scanning marble with lasers algo recognized by Tsakiri et al. [2003]: thegtetl a
significant difference in noise between plaster amtble elements of sculptures. Regarding the ctensof the
graffiti in the Monastery of St. Naum, the noiseguced by a laser scanning device would have lethteadable
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results; the noise would have drowned out the siakngravings completely. The SLS system’s accusny
resolution also made it ideal for recording som#heffinest characters.

Image Based Modelling and “Reflectance Transforomatmaging” (RTI) were also considered. Using Rail the

documentation of inscriptions and nearly planafaigs can lead to great results, as shown by dexasa studies
like the Herculaneum Project or several others §&rand Flouda 2017; DiBiasie Sammons 2018], buabse of
the curved structure of the columns and the aimmate an accurate 3D documentation of the entinenmolin one
model, the SLS System was preferred.

POSTPROCESSING

Post-processing of the data was carried out dagf-&ising the scanner’s proprietary software - Cpinset9.62 - a
best-fit matching was done for each data set. Afileering redundant points and carrying out a Islignoise
reduction to compensate for the effects of the teanbise, the data sets were meshed. The surfadelsnaere
exported as .stl files and imported into Geomagieli® (2014) for further processing, including héling, and to
decimate the models. Along with the raw data, 1@ .stl files were archived, as well as a 10%ivars/hich will

be used to share high-resolution, but still manklgedata among researchers [Rahrig 2017]. Thesiies vary
from 100 MB (reduced models) to more than 1GB foe full resolution 3D models. Orthoimages were also
processed to provide a quick impression of the rsodend the eight high-resolution areas were atigteethe
models of the entire columns.

Fig. 4. Front part of the right column: 3D modelratied and visualized using normal map renderingviashlab.
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The .stl format was used because it is achivalideyable in most of the current 3D software soludi@amd can even
be used in various (free) software solutions likeskab (Version 2016.12).The resulting high-resolution Bddel
can be virtually illuminated at any angle, for exdenusing raking light, allowing detailed obsereas and
analysis. It can also be unrolled and rendered amrenal map. To unroll the curved parts of the ouis,
CloudComparev.2.8.1 was used. In order to make edges standromt the surrounding areas, the normal map
rendering mode in Meshlab was used (Fig. 4). Usitege tools helps significantly enhance the leigybdf the
delicate inscriptions. For sharing and to faciétdurther work with the data, a web-based tool like Digital
Epigraphy Toolbox [Bozia et al. 2014] might be wdebut the size of the data sets might be probtemand
further processing may be necessary.

RESULTS

Only some examples of the project’s results arevshas the complete evaluation of the data is atiork in

progress. First of all to illustrate the problemfafied out inscriptions the well investigated inston — published
by Grozdanov [1995] — is a good example of the j@mols and limitations of previous techniques usediz@anov
visited the church and made several drawings fleacblumns. He displayed several lines of phrasigs §) on the
right column and drew them alongside the many @®sk contrast to these early drawings, todayfiteeline in

Fig. 5 can hardly be seen any more with the naled @ur scanning succeeded in making visible witains of
the inscription, at least to such a degree thatipus readings of the inscription can be confirmEde scanning
data sets provide an interpretation-free, dimeraipistable documentation and show the locatiothefgraffiti on
the column, whereas the drawings might not showctreect position of the graffiti to each other sgwhtain an
unclear level of interpretation brought in by drawe

E,’.}w &, ' ‘ | l A"% j\f
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Fig. 5. Details of the right column, left top: Pbgtaph of the column showing the difficult and ghéarface; right
top: Detail of the drawing by Grozdanov; left belddetail of the model of the column in resolutigmto 100um
where only parts of the graffiti is visible; righelow: Part of the column in resolution up to 30sfmewing in
addition the nearly faded out parts of the graffitiove the blue frame.

* http://www.meshlab.net/
2 http://www.cloudcompare.org/
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Another interesting challenge was the overlayimgcstires, where the characters are disturbed tor gitaffiti. The
focus was on the fishnet and a writing of a naméherflat middle part of the right-hand column. Thildle part is
flat enough to use raking light from various anglast the fishnet overlays the writing, making arti to read or to
determine which engraving was carried out firsttiMine use of the 3D surface model and suitablititig
conditions, the writing which was previously chaesized as “ALEXANDER” [Mixeev 2013] could be veigfl.

As shown in Fig. 6, with the wrong lightning segfithe inscription is invisible on the texture-lessface model.
The lack of texture can, at times, obscure the iredquinformation; however, when combined with agpiate

raking light illumination, the texture free surfacan dramatically enhance legibility and reveal enmformation
than one might find in a photograph.

Fig. 6. 3D surface model with inadequate lightia@pgve) and suitable lighting conditions
and legible characters (below).

As mentioned above, another challenging problesth bn-site and using photos, is that it is impaesio decide
whether the fishnet or the writing was createdt.fikknowing which one came first can help in datitige
inscriptions, as the ALEXANDER writing is Glagotitiand can therefore be dated to the 11th centuiyed¥
2013]. With the help of a normal map the authorsenable to discover that the vertical lines of fisknet must
have been scratched over the existing lines cAtHEXANDER writing (Fig. 7).
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Fig. 7. Alexander-writing: photograph with rakinight (above) and 3D surface model
with normal map rendering (below).

The project has even made entirely new discovef@sexample, the blue light of the scanner hasatéad a
previously unknown inscription. It can be identifi@as the short form of established Cyrillic wordiwgh the
meaning “the servant of god [name] died”; a typightase found in graffiti. To decipher these chacand their
meaning was only possible due to the 3D-Surfaceemdtbtating it and using the infinite lightninggsabilities of
the software, as well as the normal map renderiodendramatically enhanced the legibility (Fig. 8).

CHNT 23, 2018



1:10 R. Tenschert et al.

Fig. 8. 3D surface model, normal map, drawing tharacters on the surface

CONCLUSION —WHAT TO DO WITH THE SCANS?

As we have demonstrated, some of the inscriptiane lalready been verified or deciphered, but thezealso some
which are a work in progress and which are muchudised among Slavicists. It is therefore importhat the 3D
models should remain accessible for specialisteenfuture, and to this end the data was shardleinstl format,
allowing them to be imported into a variety of sedte including free applications such as Meshlad 23D tool.
With the help of these models, which have alreaslynbshared with both Slavicists and Glagolitic &gists, it is
now possible to observe and analyse the inscriptinually and independently off-site. The dattsseill also help
to preserve the intangible heritage for future gatiens even if the inscriptions themselves areatged.

To archive the datasets they are exported adlestlédnd stored on external hard drives, DVDs amthe server of
the department of the preservation sciences atieersity of Bamberg. According to a datasheeteltgyed by the
3D-AG (consisting of the Bamberg University’s “Centfor Heritage Conservation Studies and Technebjgi
(KDWT) and Bavarian State Office for Heritage Maeaagent) essential parameters like date and timeaafrding

and post processing, and the persons working oprtfject were listed as well [Rahrig 2017]. The ailas an easy
to handle standardised method of archiving thesd#sain interoperable and sustainable file formdich can be
easily transferred to other archives in the futée mentioned above, using a standard file fornsd anables the
data to be used in different free software sol&ja@nsuring that it will be possible to continuscdivering new
inscriptions and creating new research in the &utur
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