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The purpose of the following paper is to developrdaegrated system for the state of conservatiotheflow relief
in SS. Assunta e S. Bartolomeo Church in Badiaagtat (Poppi) in Tuscany by incorporating obsereahhd
interpretative data. This decoration (dated toB3th AD) is located in the Early Medieval crypttbe Church, on
an architrave above a little alcove. Over the y#aesrising damp has caused serious damages tr¢hitrave and
the capitals, threatening the preservation of therklief itself. The survey project, to which tipiaper also belongs,
started in 2012 following a previous photogramneetrork on the Church and the discovery of an otdype of this
sculpture in an article of Alberto Fatucchi, schaéthe history of Tuscany. From this old pict{t®77) we noticed
the different state of conservation of the loweak(due to humidity) and for this reason we decitte@lan another
photogrammetric survey in 2016, in order to underdtthe changes of thickness of the low relief dtertime.
Survey plays a central role allowing archaeolodistsanslate metrical observations into historinétrpretations of
the low relief. For this reason, all the imagesehbeen processed in order to create a 3D modkkedbtv relief and
then to obtain a Digital Elevation Model of it. DE&halysis was fundamental for the data comparisofiact
regarding results, they helped us to know the aabiothe rising damp over four years. Working watttalibrated
not professional camera, using low-cost budgetaueoh source/free tools, we obtained good and atecteaults.
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INTRODUCTION

The main goal of this work was the detection ofttiiekness changes of a low relief in SS. Assurfsa Bartolomeo
Church in Badia Prataglia (Poppi) in Tuscany. Hogrethe idea of this project was carried out aféading a book
(La Diocesi di Arezzo, Corpus della scultura altomegele of Alberto Fatucchi [Fatucchi 1977], who is orfetiee

most important Italian scholars of history of Tusgalnside this book we found a black and whitetynie of the
architrave taken by Alberto Fatucchi himself in it80s. Looking at this photo, without any measumets, we can
anyway deduce the thickness of this relief from shadows inclination and the contrasts of the bko# white
tones.

In order to detect these changes, we planned tphm®grammetric techniques, comparing the 2018esuwith a
previous one made in 2012 for ensuring that thilpimethod adopted was as reliable as possible.

BADIA PRATAGLIA: CONTEXT AND HISTORY

Badia Prataglia is a small town in Tuscany, locatethe province of Arezzo at the border with EmiRomagna
region, in particular into Casentino woodland, nib& Camaldoli Hermitage. Badia Prataglia is ateduded into a
protected natural reserve inside the National PRakco Nazionale delle Foreste Casentinesi”.

The first document about the Badia Prataglia Abbejated around 1001/1002 AD and it is a certiéaaft Otto 11|
of Saxony [Piccinni 1999]; in this certificate amdothers documents are contained mainly land cssices dated
to 986 AD, and subscripted from Ugo count of TugdanSanta Maria e San Benedetto of Prataglia.
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Indeed, the Early Medieval foundation of this Chyrio the middle of a big woodland in Casentinmesirly before
the 10th century and it was founded by the Beniediahonks of Montecassino Abbey.

However, the history of Badia Prataglia is markgdseveral land concessions. Around the 11th cenhere were
about ten land concessions (such as the neardacatiPartina and Gello) in support of Prataglidadktiam 1997]
which increased the political influence of the Ablend led to the inevitable conflict with the neaamaldoli
Hermitage that was having in that period a strorrgégious and political position [Salmi 1958]. Mamver, the
conflict with Camaldoli was so rough that it needlee intervention of the bishop of Arezzo.

In addition to the importance of Badia Prataglieg historian Wilhelm Kurze described the Abbey likprivate and
preferential monastery (he used the German \agenklostey property of the bishops of Arezzo [Kurze 1973].
The original architectural project of the churchswaased on the presence of three aisles with the faging the
eastern side. The low-level crypt is dated to tBth Tentury AD and it was restored around the 1@HJore this
year the crypt was buried); this is the only pdrthe Medieval Abbey that survived. The crypt isdted exactly
under the choir and it is composed by three amfestwo spans with round arches and groined valitts.vaults
are supported by twelve columns (in particular tvadumns and ten semi-columns), and only two of them
located in the central area of the crypt.

DECORATIONS

The low-level crypt presents beautiful decoratidghe: main capitals, in the central area of the tcrgpe significant
first of all, because they are architectural eletmgmobably reused from a late Roman building hpps the first
abbey was built on an earlier late Roman one - dHatv us to deepen the study of reuse dynamicssaedndly
because capitals are made with marble (maybe imgdrdom of Luni), instead of the local sandstonasiog from
Monte Falterona (however used for the others décois).

A capital in the central area shows on its uppert péear re-decorated signs result of Pre-Romaresqu
manufacturing processes. The surrounding semi-amdyrand its decorations, are very degraded (anyl dog to
humidity actions. Finally, the great part of thedements has leaves and herringbone decorations mia drill
and tip.

Moreover, inside the crypt there is an importargadtation called “Orante” that represents a prayea very simple
way (it is typical of Early Middle Ages Christiawanography decorations). In the same masonry tlsen
architrave, facing the “Orante” decoration.

The aforementioned architrave is located to thiesiee facing the altar, above a little alcove aedr the “Orante”
decoration, and it is 110,5 cm long, 32 cm high429m deep. Briefly, the decoration of the frons l@abraid of
knotted circles running horizontally with a D-shdpgerminal at either end of the architrave (the isgnsle on the
right is more damaged owing to rising damp). Thaicris therefore composed by two linked little rsgs.
Comparing this kind of decoration with others insGany and Emilia Romagna we can date this arclittathe
9th-10th century AD [Ciampoltrini 1991 and Budri@8i05].

As far as the materials are concerned, the “Oraated architrave decorations are made with the Giasen
sandstone that it is referred talonte Falteron& Sandstone groupAfenarie del Monte Falterona

The architrave was made probably with sandstortkeoSub-groupgMembro di Camaldoli™ this kind of sandstone
is generally light grey-green and it has a coaesepwithout clastic conglomerates and carbonateéxnanyway,
the use of this kind of sandstone caused the dedtinn (not only due to humidity) and the detachtved material,
allowing also the fragmentation of Casentino saukd in general (geologic information taken fro@afta
Geologica D'ltalig scala 1:50.000, foglio 264, Borgo San Lorenzo; I8P8ervizio Geologico D'ltalia, 2019

The decorations inside the crypt of Badia Pratagiliaw different motifs but they are made with tame executive
technique. The architrave and the “Orante” deconatihave almost the same tip diameter (0.5 cm)tlamather
signs of instrument signs change proportionallitgosalue. The architrave presents different deamma: two kinds
of thickness from the background that diverges fra@mout 0.5 cm - 0.6 cm on average. The analysiheftip
diameter, height, dimension and interval of sighstruments could help us to locate the realaratf decorations
on the same chronological period. Moreover, thesmtions could be made by a single group of wsrkeho
was active in Casentino around the 9th-10th cerjidigra 2016].
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32 cm

110,5 cm

Fig. 1. The architrave and its measurements

METHODOLOGY

Starting point and acquisition

As said before, this project started by accident2012 the crypt was surveyed from a research tefhe
University of Siena who studied the Badia Prata@liurch and other contexts in Casentino; it wasested using
photogrammetry for other purposes. Comparing dffesources (comparing this survey to the Albeettuéchi old
photo) we noticed the change of thickness, dueutnitlity of the crypt, during the years. Therefare2016 we
planned another low-cost photogrammetric surveyth@uit total station) and analysis in order to registhers
changes ad evaluate the state of conservatioredadrtthitrave.

But why using photogrammetry? For different aspefitst of all because the early survey was an iedbgsed
survey and we wanted to obtain a good RGB restitugiroduct (photographic colours red, green ane)béund
orthophotos, having a low-cost budget and usinghagmurce software. Indeed, photogrammetry techsigam
offer significant reduction in the cost of archamgtal surveys and in the enhancement of surveytres

Briefly, photogrammetry is an image-based technitpa¢ allows to obtain metric information startingm images,
as well as the geometric and volumetric data oéabjand it is based essentially on photographismse [Diara
2013].

Table 1. Nikon D3100 optical sensors details

Camera sensor Type CMOS (complementary metal oxide semiconductor)
Camera sensor Resolution (MP) 14.2
Camera sensor Size (mm) 15.4x23.1

Metric survey (LIDAR or photogrammetric techniqués)Cultural Heritage contexts become a fundamestigh

because it allows recording and reconstructing rately geometries of every object or building forther analysis.
The accuracy and reliability of the survey dataetepmostly on the quality of the recorded imagastérms of
resolution) and on the quality of the used cameemdgors and lenses calibration). Moreover, theitguad the

survey is also influenced by many factors, like tixghnical ability of the operator to surround shasl, reflections,
glare and others. Furthermore, the quality of thages depends mainly on the kind of camera: arlzttaera will

produce better images as well as better readaflétseand reconstructions [Diara 2013].
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Fig. 3. The architrave in 2012 (photo by F. Diarafig. 4. The architrave in 2016 (photo by F. Diara,
2012) 2016)

The first phase of the project was the photogramimatquisition in 2012 (carried out for others poses) and in
2016 using a not full frame reflex camera, in watar Nikon D3100 and Nikkor lens AF-S 24-85mm /3.5 G
ED, with focal length blocked at 24 mm. At the emd collected 20 images, with NEF Nikon format, &ach
situation: 10 images for each year with targetsrider to measure the main distances of the arehitra

Table 2. Methodologic workflow of this project

| Badia Prataglia architrave I
/ \‘
i 2012 photogrammetric survey j«---- b‘i 2016 photogrammetric survey

on D3100 calibrated |
i camera and 24mm lens |
i Images processed using

ARCH 3D online service

!

i 3D points clouds I

CloudCompare Meshlab [

Polygonal meshes | DEM overlapped GSD and scale
End DEM creation Lon orthoimages factor calculation

huh

Processing operations

All images have been processed using ARCH 3D ordereice (vww.arch3dch.weebly.comthat it is based on
photogrammetric open source tools of MicMac (depetb at French National Geographic Institute anchéhe
National School for Geographic Sciencetps://micmac.ensg.eu/index.php/Accheiowever, we used a personal
(not public) standalone offline version of ARCH 3Dsing this kind of service, we obtained only 30mnp® clouds
starting from images (Fig.7 and 9). The ARCH 3D kilow (from images alignment to final 3D model)ssnilar
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to the MicMac method (), the only differences dre tollowing: RGB photographic values are optimizsdregards
brightness and contrast; point cloud cleaning,amding and optimization. Camera calibration paramsehave
been set automatically. We decided to import mdngast the focal length, pixel size and image zab.3) and
we have set camera orientation defining the custamera rotation (setting horizontal plane and dixisction) and
the camera scale factor.

Table 3. Camera calibration parameters

Camera focal length: 24mm
Camera pixel size: 4.94 um
Camera image size: 4608 x 3072 pixel

Auto-calibration of camera report (pictures of 2012

<?xml version="1.0" ?>
<ExportAPERO>
<CalibrationInternConique>
<KnownConv>eConvApero_DistM2C</KnownConv>
<PP>2353.54062344588556 1552.5411436609%7>
<F>3662.83625867442743</F>
<SzIm>4608 3072</SzIm>
<CalibDistortion>
<ModRad>
<CDist>2347.24142315123026 193287077290893</CDist>
<CoeffDist>-6.6451791763944 38/ CoeffDist>
<CoeffDist>6.01736008227289519e&/CoeffDist>
<CoeffDist>6.422774580976698@2&/CoeffDist>
</ModRad>
</CalibDistortion>
</CalibrationInternConique>
</ExportAPERO>

We decided to create 4 models in total: 2 pointaid$ without targets (visible in Fig. 5) and 2 geiolouds with
targets just to compare and measure distancest(pland creation report in Tab.6) — and we used Hds
(www.meshlab.ngtin order to calculate the level of detail of psirtlouds. In fact, the Global Sampling Distance
(GSD) is the average density of the points cloud gnd it has been calculated in this way: insidesMab when
you measure any object you do not have a real measit but only custom numbers, referred to lamardinate X,

y, z inside software and the 3D model. Therefdne, dnly way to calculate and measure distancefduittotal
station) is to have the real dimensions of objects.

e [T

e eEES 0000 | @ SWH e < B S A L HOMR & & ¢

target 1
target 2

larget 3

»
target &

Fig. 5-6. Dimensions inside Meshlab (2016 pointaid)

At the end of the process, we calculated the deater of the 3D model and this involves the avereaio between
real dimensionand software value(Tab.4-5). We applied the same methodology to 2@m@d 2016 models.
Regarding the 2012 points cloud, the average GSibasit 1.9 mm%1.93 mm), while for the 2016 model is about
1.5 mm £1.54 mm).
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Table 4. 2016 — Scale factor calculation (refertedrig.5)

Real dimensions Meshlab value Scalefactor (cm) Scalefactor AVG (cm)
Length (target 1-2) 110,5 cm 8.22246 13.43
Height (target 1-3) 32,0cm 2.23132 14.34 41,62/3=13,8733
Diagonal(target 1-4) 116,4 cm 8.40267 13.85

The architrave is 110,5 cm long x 32,0 cm high had 116,4 cm as diagonal (distance taken fromttdrged 4,
Fig.5). Measuring exactly the same distance in Nédslion 2016 points clouds model) we obtained 882as
length, 2.23132 as height and 8.40267 as diagasaldqu can see on Fig.5).

Therefore, we chose to measure points distancestisr the same points cloud area as a samplingfpar2012
and 2016 model).

Table 5. 2016 - Scale transformation of pointsatise (referred to Fig.6)

Point distance M eshlab value Scale factor AVG (cm) Real value (cm) Real value (mm)
MO 0.0103874 0.144 1.44
M1 0.0061739 0.086 0.86
M2 0.0094199 0.131 1.31
M3 0.0129816 0.180 1.80
M4 0.0136397 0.189 1.89
M5 0.0061769 13,8733 0.086 0.86
M6 0.0108629 0.151 1.51
M7 0.0149402 0.207 2.07
M8 0.0101796 0.141 1.41
M9 0.0068718 0.095 0.95
M10 0.0092324 0.128 1.28
Average GSD: 15.38/10 =t1.54 mm

Table 6. Summary of points cloud creation

2012 model 2016 model

Nikon D3100 and Nikkor lens 24mm Nikon D3100 andkidir lens 24mm

10 images (without control targets) 10 images (adthcontrol targets)
Points cloud: 6.241.698 points Points cloud: 6.¥31points
GSD:+1.93 mm GSD+1.54 mm
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Fig.7-8. Points cloud (left) and polygonal meslyfit) of the architrave model (2012)

Fig. 9-10. Points cloud (left) and polygonal mespHt) of the architrave model (2016)

Post-processing operations and photo rectification:

Starting from points clouds, aligned in XY planeg wreated 3D polygonal geometries (Fig. 8 and &aC0floud
Compare \@ww.danielgm.net/dopen source software using Delaunay triangulafioocess (XY plane). This
process ensures good results with points cloudstemtestarting from SIFT (Scale Invariant Featuranform)
image matching algorithm [Karagiannis et al. 2016].

Afterwards, as a second post-processing step weegsed both 3D models in order to obtain the Digitavation
Models (DEM), which is the digital and colours repentation of the height distribution of a surfptzede or a
terrain. This kind of technique is very useful onservation analysis and comparison between differements of
an object or a building, as demonstrated by magialianalysis projects [Balzani et al. 2017].

Later, we extracted the radiometric scalar fietahfrpolygonal meshes inside Cloud Compare softvedter; the XY
plane alignment. The scalar numeric ramp has beteoustomizing and converting values (as describidCloud
Compare wiki manual, available on Cloud Compare witd) in order to have it expressed in cm units.

As for the photo rectification, main photos of thechitrave (for 2012 and 2016) have been rectitisthg RDF
software (developed by IUAV University of Venice,nside Circe photogrammetry laboratory,
www.iuav.it/SISTEMA-DE/Laboratori2/cosa-offri/sofawe/index.htp that allows to perform the analytic or
geometric photo rectification of planar objectseTdnalytic method works with coordinates of imagjgject and
union coordinates. Using this method, we can esghntefine every coordinate of the objects (.dig) with the
corresponding points on images. In a further phiaserder to rectify pictures of the architrave, decided to use
the geometric rectification, defining vertical amokizontal straight lines on main images of 201@ 2016.

The geometric rectification consists in verticatldmorizontal straight lines (defined by user) ahdréfore on x/y
ratio and connection of a known real dimensionlgéct inside picture and its measurements in pixels

CHNT 22, 2017, Publication date: February 2019



1:8 F. Diara

Table 7. Main summary of the triangulation process

2012 modéd 2016 modée

Cloud Compare Software Cloud Compare Software
Delaunay triangulation Delaunay triangulation

Point cloud: 6.241.698 points Point cloud: 6.751d@nts
Polygonal mesh: 10.675.831 faces Polygonal mesB2B1767 faces

ANALYSIS AND RESULTS

From the analysis of DEM, scalar radiometric figkdg. 13-14) shows the differences of thicknessuesin blue
are referred to protruding parts while values oh aee referred to deeper parts.

Reading the values of 2012, the entire thickneshefrchitrave is included between 0.1cm - 1.46aach the high
percentage of thickness is included between 0.35@% cm.

Anyway, the situation of the architrave in 2016 rdped: now thickness ranges from 0.1 cm to 1.15 mdhthe high
percentage of thickness is included between 0.4 @16 cm.

Comparing these values, we were able to noticergiffces within four years. Starting from 2012 angliing in
2016 we have almost 18-20% of thickness lost inr fgears (Fig. 12), that correspond to -0.3 cm (-3
mm). Moreover, we can deduce how the rising damgifiedl the decorations of the architrave in fewrgedhus,
depth has changed quickly:

- Thickness values between 1.46 cm and 1.15 cm hese teduced to lower values (Fig. 11) and the dhgnaf
thickness is also visible watching colorimetricfeiiences (Fig. 15).

In conclusion, final data extracted from the amehié (obtained from free and open source techneddgionfirm
what we have registered visually during the secaumdey. There are essentially two different sitwadiin which
wet and dry conditions changed during the year20ih2 wet area (due to humidity) was homogeneodsadiitle
invasive and aggressive while in 2016 wet areamash more aggressive and invasive to the left arig bottom,
despite the central upper part of the architrava, is drier than 2012 (Fig. 3-4; 13-14).

BT 1 Lt T ——

0.4 cm-0.6 cm 0.1cm

osnssmusermeren VD -

0.35 cm-0.5 cm

Fig. 11. DEM spectrum of models: visual different¢hickness during the years

about -18/-20 % depth drop

-0.3 cm of thickness

1,46 max

Fig. 12. DEM values comparison and percentage ptlddrop in only four years
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Fig. 13. photo-DEM of the architrave (2012 model)

Fig. 14. photo-DEM of the architrave (2016 model)

Fig 15. Macro differences of photo-DEM of 2012 &d.6
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CONCLUSIONS

This kind of photogrammetric post-processing and-tost approach was useful (extracting process @ost
process metric information from images) to undemdtdne variation of thickness in four years stgrtirom images
(acquired for other purposes) and 3D model.

Despite we worked with a calibrated not profesdiar@amera, with low-cost budgets and using open casfree
tools, we were able to obtain significant and aatairesults. The use of open source and free ssrwas a forced
choice as well as a challenge: could Cultural lget researchers carry out scientific studies with-dost
equipment? If it can be done, and with the equalitsesults, how can these studies be comparedoattirs carried
out with high-costechnologies? Do they have the same importancefe Thea problem behind our methodological
choice if we use high-cost equipment that leadoushtain the same results of a study carried oth \@w-cost
technologies.

In the Cultural Heritage area many low-cost analygicluding emergency state surveys) have oftengat to be
the most reliable of the field, allowing obtainingpre complete and accurate results than diffeesgarches.
Three-dimensional photographical survey in archagoland in architecture is a fundamental momenstatly
because it allows reconstructing shapes and gei@sieltr can be helpful in case of damaged buildiogdegraded
archaeological objects, because photogrammetrieeguincluding low-cost surveys) helps obtaininguoetric
data useful for future reconstruction or restoratand it can be also helpful to freeze a particsitaiation.

Thanks to new digital technologies (mid-cost, lowst; open source) it is possible to produce andga®data in a
synthetic and clear way. The technological chamgekthe massive diffusion of freeware and opencsosoftware
(for example 3D viewers and other photogrammetrids) aided the documentation and communicatio@uttural
Heritage field [Diara 2014] for example in archagpl or historical architecture, photographic survey
revolutionized the way to produce documentatioralysis and then the teaching method. Nowadaysedbimes
maybe the main methodology to do research, cre#ttimgossibility to investigate archaeological sibe historical
buildings [MacDonald et al. 2012].

Taking note of extracted data from DEM analysisyduld be necessary to install a micro climate wdrdevice
inside the crypt in order to monitor and preseh& $andstone decorations, but it is not easy ferdnt aspects,
especially for economic and logistic reasons.

Furthermore, as a future step, we will try to fiadd collect other images of the architrave, becansether
publications and on the internet, there are a fdtnages of the crypt of Badia Prataglia but natuged on the
architrave.

Moreover, it would be useful to create a real martehe architrave using a 3D printer, based or228ittures and
model. Doing that, we could ideally freeze and gtopsituation of the architrave related to 201&s{ldocumented
situation of it) in a real touchable model. As &fe step of knowledge, it would be so helpfulriptb understand
the original thickness of the decorations (alsottiiekness in the 1970s) in order to register thire depth drop
during the years creating a real comparison path.
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