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ABSTRACT

This work proposes the application of the latesthmés of photo-modeling to the study of Gothic &satture in Sardinia. The aim
is to consider the versatility and ease of usaiohslocumentation tools in order to study architectnd its ornamental details. The
paper illustrates a procedure of integrated suarmay restitution, with the purpose to obtain an esteu3D model of some gothic
portals. We combined the contact survey and theoginaphic survey oriented to the photo-modellinge Boftware used is 123D
Catch by Autodesk an Image Based Modelling (IBM) systvailable free. It is a web-based application thquires a few simple
steps to produce a mesh from a set of not oriepiedos. We tested the application on four portatsrking at different scale of
detail: at first the whole portal and then the eli#int architectural elements that composed it. \Biewable to model all the elements
and to quickly extrapolate simple sections, in ortte make a comparison between the moldings, hybhiig similarities and
differences. Working in different sites at diffetescale of detail, have allowed us to test the gdoce under different conditions of
exposure, sunshine, accessibility, degradatiomdfse, type of material, and with different equgmhand operators, showing if the
final result could be affected by these factors. té&ted a procedure, articulated in a few repeatstiglps, that can be applied, with

the right corrections and adaptations, to simitewes and/or larger or smaller elements.

1. INTRODUCTION

The study and understanding of architecture ocitugigh the
architectural survey and the resulting graphicahsary of
what has been observed, measured and examinedutifepan
architecture means performing an operation thdtledld to a
full understanding of the work in its entirety aimdits details,
capturing the dimensional and constructive valuag, also
formal and cultural ones. The study contained ins th
communication is inspired by the need to deeperkitiogvledge
of some detailed aspects of the late-Gothic buijslirof
Sardinia.

The architectures of Sardinia, built between the ai\d XVII
centuries, are part of the Mediterranean Gothic rdM&
Zaragoza Catalan, 2003), and can be placed in tineofehe
Spanish late Gothic (Segni Pulvirenti & Sari, 199@hese
architectures are still largely unknown, especittiigse located
in minor contexts.

This study aims to deepen the knowledge about thaneental
details of these architectures through the apjpticaif the latest
methods of photo-modelling, in order to consider Wlersatility
and ease of use of such documentation tools. Wpopm a
procedure of integrated survey and restitution thidltlead to
geometric analysis applied to the specific casgotifiic portals
sited in the centre and in the south of the islandorder to
make a comparison between the different decoratine
compositional choices followed by manufacturers time
creation of these openings.

We combined the contact survey and the photograginicey
oriented to the photo-modelling. This choice alldwes to
integrate the classical measurements with the pimotelling.
Through this method we were able to model all tlements
and to quickly extrapolate simple sections. Infilst phase we
executed preparatory sketches with the annotafioneasures,
and we brought back the elements detected in siggdenetric
shapes in order to study the dimensions. In thergkphase we
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studied more deeply decorations through the phatdetiing
construction of the 3D model.

We carefully evaluated the operations to be perfarion-site in
relation with the photo-modelling process. Thewafe used is
123D Catch by Autodesk an Image Based Modelling (IBM)
system available free. It combines an app and aseelice. It
produces a model from a sequence of photos taken\ary
simple way and returns a mesh which must be ondeatal
scaled in the virtual space. Although the photolgi@pgurvey is
influenced by light and by the conditions of pheading, it is
very versatile, in fact, allows to combine multigleocessing,
also performed at different times.

The use of photo-modelling systems like this hasnseide
application especially in the documentation of aedlogy
(Poehler & Ellis, 2011) and historical buildings.

The accuracy of the Image Based Modeling process was
compared with similar measurements using laser nggan
highlighting the strengths and limitations of thethod that is
most suitable in the study of contained size eleméRratus de
Balestrini & Guerra 2011).

About Autodesk 123D Catch, Kersten et al. (2012)sgne
practical investigations by comparing results fribra software
package Bundler/PMVS2 (an open-source software ef th
University of Washington) and the Autodesk Web m&rv
Photofly/123D Catch Beta with results from terrestiaser
scanning. It was stated that the geometrical d@iffees are not
very large between image- and distance-based sgstem
However, it could also be concluded that the imbaagsed
systems had problems with large objects such dsdihgs to
obtain geometrically correct results. Visual atiirec3D models
could be obtained with the Autodesk Web servicééf objects
are not very large and show rotund forms. (KergteBtallman
2012)

The Autodesk 123D Catch software used in this wqérates

in cloud computing for the computation of correspemces
between the images and the creation of triangulatesh. The
software also creates the texture of the mesh usirg
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referenced photos. In post-production operationgfore
exporting the mesh to another software that manages
models it, we traced over the model a network dihde points
and lines using the tools provided by the softwateese points
are chosen in correspondence with the real onebdiging the
recording of the reference measurements. The aoppairmit a
definition of a coordinate system using the tragsints to
orient the mesh. If necessary, a large numberh#rqtoints can
be placed, in correspondence, for example, of thmetions
between the ashlars, so as to specify the cooedinaft each
element of the building.

There are many software that operate in the sanyeawd the
current literature contains numerous examples ofpagison of
the results obtained with these procedures. (Gtiertr al.
2011) (Pierrot Desilligny & Clery, 2011). We chosetédesk
123D Catch because it offers a simple interface.

The work, done through the use of these modermt#abies,
provides a way to study historic architecture. t8tgrfrom the
survey of the studied element we obtain a deta@iBdmodel
that leads to a full understanding of shape and@tmns of the
object. The proposed method is simple and rapid basl
therefore allowed the accurate documentation ofespantals.
Moreover, we encoded the methodology of surveyheaé¢sults
obtained are objectively comparable. We testedafiygication
on a specific case and performed a comparison ketwarious
architectural elements, in particular between eastiof the
mouldings, highlighting similarities and differerscethat with
other systems, would be long and laborious to obtai

2. OBJECT OF STUDY

In Sardinia the late Gothic constructive types heal the
maximum spread between the XV and XVII centuriegriiy

this period, groups of local manufacturers reworkaztording
to their taste, shapes acquired from Spain, pdatigufrom

Catalonia. Portals, along with the vaults and ths= neindows,
are certainly the strongest characteristic featueseligious

buildings in Sardinia. Notable examples of thesaments are
found throughout the island. In the following wose consider
the portals with pointed arch, the most common amokt

representative late Gothic openings which are moremon in
the south and center of the island.

We choose some portals of churches in the distoictSagliari

and Oristano: the church of La Speranza (secorfcbhtiie XV

century) in Cagliari in the neighborhood of Casteflan Pietro
in Assemini (Ca) (first half of the XVI century); 8Ambrogio

in Montserrato (Ca) (second half of the XVI centurife

church of Santo Spirito (the first half of the X¥éntury) sited
in Allai (Or).

We selected portals that have similar structuraratteristics
albeit with some differences related to the maltemal the state
of conservation. Those in the district of Cagliare made in
limestone of Cagliari, while that of Allai is in cahlkaline

volcanic rock. There is a wide variety of shapesd an

decorations. Portals with pointed arches, ultinyatelre all
different from each other, but there are some commtes that
can be shown and provide a distinct criterion afdieg (Casu

& Pisu, 2010). We found some differences both ir th

proportions of various elements, and in the usealflings and
ornaments, but the constituent parts are alwayséanee. The
opening is a rectangular shape bounded at the bidesolded
piers, which rest on truncated cone shape basédsfir@sh in

capitals of variously decorated cylindrical shape.

The pointed arch is set on the top of the capiffie arch is
composed of molded voussoirs and surmounted byeanrew
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arch ending in two corbels entirely similar to tbapitals in
shape and type, but of larger dimensions.

With exception of the portal of Allai, the openiiggdefined by
a lintel surmounted by a string course. This irgets the arch
immediately above the capitals. In the portals efémini and
Cagliari there are side shelves as additional ddoaraf the
lintel.

Among the portals with these characteristics, wicad some
differences, for example, the number of bands eriolding.
In order to test the method all the selected pohale tripartite
molding.
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Figure 1. Studied portals: a) Assemini, San Piet);
Monserrato, Sant’Ambrogio

Figure 2. Studied portals: c) Cagliari, La SperardgAllai,
Santo Spirito

3. METHOD
3.1 Survey and restitution process

From time to time, the methodology evolves and &dl#pto

problems that exist in particular cases. At eaalvesy a new
difficult, a new procedure, a new technology addthe already
encoded and consolidated methodologies. This wayodking,

which adds the interpretative operation, to thendbge and
documentary ones, elevates the purely technicaleguto

research activities. (Gurgone, Inglese, 2008)

In the field of architectural survey there isn'etbetter and
decisive technique. There are several opportundfeshoices
and integrations of the different techniques. Ttladices are
influenced by several factors including the exparés the type
of object detected, the material, the purpose efsirvey, the
geometric detail required, the project budget, €Wernizzi

2017), (Remondino 2011).

In the specific case we chose to use a method tefiiated
survey that combines direct survey and photograghivey



International Archives of the Photogrammetry, Remote Sensing and Spatial Information Sciences, Volume XL-5/W1, 2013
3D-ARCH 2013 - 3D Virtual Reconstruction and Visualization of Complex Architectures, 25 — 26 February 2013, Trento, ltaly

oriented to the photo-modeling. The word “photo-elody”

refers to the process of transactions carried ouhé digital

domain. This process starting from raster imagasideo the
creation of a three-dimensional model. In recerdryesuch
techniques have received a great success in the @ie
conservation and enhancement of cultural heritage aill

emerge as one of the frontiers of passive detectkitippucci

2011)

This choice allowed us to integrate the classicahsnrements

with the photo-modeling and to overcome the proBleatated

to the direct survey of the moldings. Through thieotp-
modeling we were able to model these elements @mgitkly
extrapolate simple sections of the 3D model.

In the first phase we executed preparatory sketebitts the

annotation of measures, and we schematized theertsrto be

measured, bringing them back to simple geometrapeas, in
order to better study their dimensions. To deteemihe
measures, we used simple tools for contact sumter, set
square, telescopic poles and the laser distancer rfi2bcci &

Maestri, 2009). To complete the survey operatioves,took a

set of photo functional to photo-modeling softwanéd/e

carefully evaluated the operations to be perforroaesite in
relation with the photo-modeling process. The safwused to
elaborate the photos is 123D Catch by Autodesk abailfree

and that operate on the cloud. It produces medhces from a

sequence of photos taken in a very simple way.

Ultimately the adopted survey procedure

according to the following scheme:

* identification of buildings with significant feates based
on analysis of census data;

»  execution of preparatory sketches;

» collection of measures strictly necessary and jpositg of
reference points on the area to be photographediir to
proceed to a correct orientation and scaling ofothimined
model.

. execution of the photos;

* image processing using Autodesk 123D Catch software;

* processing of the resulting mesh and extrapolatbn
significant sections for the construction of the B8iddel,
with other software;

»  creating sections and analysis of results.

is artimda

3.2 Image Based M odeling and Cloud Computing

123D Catch is a free software released by Autodaskigthe
evolution of the previous Autodesk Photofly. Itasveb-based
application that requires a few simple steps talpce a mesh
from a set of not oriented photos.

This system as similar, Bundler (Snavely et al. 20@&tch-

set of pictures which covers the object from maiffeknt
angles. The overlap between the different photasifficient to
recognize all parts of the object.
A good general guideline is the Rule of 3: everyt gdrthe
scene you want to reconstruct should be visibleabteast 3
photos. In a way, all the photogrammetric softwank like
the laser scanner: whatever is not directly visiblat least 2 of
3 photos will result in a gap of information (whiofay anyway
be interpolated by the software, but it will be faom being as
accurate as the general scene). Almost all theoghatnmetric
software nowadays available are based on the Stauftom
Motion principles. For this reason, the best retrmtions
come from at least a triplet of photos. (Cantord,2)0
In addition, reflections and very marked shadowsush be
avoided photographing objects exposed to directlightn
Blurry images or noisy images, due to motion bluroat-of-
focus, should be discarded. It is also preferablese the same
camera with the same focal length and the saméut&so for
all shots. Although the photographic survey isugficed by
light and by the conditions of photo taking, howei® very
versatile, in fact, allows to combine multiple pessing, also
performed at different times.
The Autodesk 123D Catch software used in this wqrérates
in cloud computing. It calculates the correspondernzetween
the images and creates a triangulated mesh. Acapitdi the
NIST definition “Cloud computing is a model for efiag
ubiquitous, convenient, on-demand network access sbared
pool of configurable computing resources (e.g.,woeks,
servers, storage, applications, and services)ddatbe rapidly
provisioned and released with minimal managemefurtebr
service provider interaction. This cloud model aanposed of
five essential characteristics, three service nmdahd four
deployment models.” (NIST, 2011). The service medef
123D Catch is the Software as a Service (SaaS) mbdéhis
type of service the capability provided to the aoner is to use
the provider's applications running on a cloud asfructure.
The applications are accessible from various cléavices, but
the consumer does not manage or control the undegrtfoud
infrastructure.
Due to the characteristic of SaaS the user camtraothe
process of drawing up the mesh. However, some psotg
operation are allowed. The application automatjcadturns the
textured mesh of the surface and allows to calettaccording
to three different degrees of definition. The apgtion also
provides drawing tools that allow you to draw psiand lines.
These can be used for:
e orient the reference system;
« identify particular elements of the measured object
e build a grid of points and lines which schematibe t
object.

based Multi-View Stereo-Version 2 (PMVS2) (Furukawa These points can be drawn in correspondence wéthetil ones,
2010), and ARC 3D Webservice (Vergauwen & Van Gool which identify the reference measurements on thjecobThe

2006), adopt computer visual techniques to recoostBD

models without requiring photogrammetry informatisnch as
interior and exterior orientations (Yang et. al12p

The software is based on process that obtainsutfiece using
the SfM (Structure from Motion) technique. The mpinciple

of the SfM is to establish the relationship betwésn different
images by analyzing the relative and absolute jpositof the
field image (Yang et. al. 2012). The software, deped for

modeling objects of any size, has been generalgd u®

document something taking pictures along a rinpécenter of
which there is the element to be modeled. For risgson, the
phase of collecting images is very important, beeahe entire
project depends on it . The best results are okdawhen it is
possible to move around the object. In this waytph@an be
taken at an angle of about 10-15 ° between shbtsrasult is a
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grid of points and lines can be exported in .DW@ ased for

other processing.

The limitation of this software, as well as alltbfs kind, is the

uncertainty of the measurements. It gives a mesbhahust be

oriented and scaled in the virtual space, in otdeobtain a

usable model from the photographic images.

The product obtained is a mesh that can be expinte®BJ

format. It can be elaborated with 3D modeling safvthat can

import this kind of format. In the specific case wesed

Autodesk 3ds Max.

Ultimately, the steps to be taken to obtain themaes:

e to create an Autodesk account that allows the wtser
download the application and then access the welicse
for processing;
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e to install the application 123D Catch and log iriite web-
service to create the project;
e to choose the set of images and upload them teeher

(doing this you choose to make them available t® th

provider of the server);

e to wait for the processing of the mesh by selecting
desired resolution from the three possible options;

e to download the processing product, and possiblgfine
it by removing unnecessary parts and then to oiient

e to export the oriented mesh, complete with textuies

.OBJ for the subsequent management in a 3D modeling

software

4. APPLICATIONSTO THE SPECIFIC CASE

We tested the application on the portals, workibgliferent

scale of detail: at first the whole portal and ttiea different

architectural elements that composed it. In pddicuwe

performed a comparison between sections of the ingdd
highlighting similarities and differences.

Portals previously described are disseminated rigelgart of
the island, in particular in areas of the south &ma center.
Among these we have identified portals similariage, dating,
condition and type of decorations. The collectidrthe direct

measurements (contact survey) was smooth in adsdascause
the portals are not particularly large: the highest

Sant’Ambrogio, 6,073 m. We collected the data #yric
necessary to determine the geometry and to scalemidel

obtained by the photo modeling software. Also tbkection of

photographic images was not difficult.

We took two sets of pictures for each portal usimg different

cameras. This operation was conducted to understandthe

camera parameters and picture resolution couldiéntte the

final outcome. The cameras used are: Canon EOS 350

(cameral) and Casio EX-H15 (camera2). In additios photos
were taken by two different operators. In this was/were able
to make a comparison between two completely differe
elaborations. We done this work for all the port&iere, we
will show the obtained results about the Church @fSperanza
in Cagliari (fig.4). It is located in an alley andet space for
taking photo is reduced. We were forced to plaee dhmera
tilted with respect to the fagade. This problemsdaet occur
for the other three portals, that are situatedramtf of large
spaces such as squares and plazas.

The preliminary inspection of the sites has allowesl to
determine the best hour for taking photo. The mdmeas
chosen according to the orientation of the portals. selected
the hour in which lighting looked better, and thevere not
accentuated shadows on the fagades.

Cameral Camera?2
Picture resolution| 2304x3456 3240x4320
Camera Canon EOS Casio EX-H115
350D
F-stop /5.6 /3.2
Expositon time 1/80 sec. 1/60 sec.
1ISO 1SO-400 1ISO-64
Focal Distance 18 mm 4 mm
Focal lenght 35 24

Tab.1 Technical characteristics of the used cameras

Eight photos were taken with the Cameral and temoghaith
the Camera2. We created a 123D Catch project fdr secof
photos. The software produced two mesh of the phate for
each set of photos.
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Figure 3. Cagliari, La Speranza. Screenshot
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The total time, necessary to obtain the product tlod
combination of the photos, depends on the speedmiection
available. The connection rate determines, in fie, loading
time of images. The processing time depends, hawewvethe
number and resolution of the photos used for tiogept. In the
examined case, the shorter processing time wewggnealot with
the set of photos of cameral, owing to both thelemaumber
of photos that compose it, and the lower resolutibthem. The
comparison between the models obtained by the acgtwith
the two sets of photos is shown in figure 4. Ferghme reason,
the mesh produced by the photo set of cameralsssdense
than that produced by the photo set of camera2ir&i§ shows
the difference between the mesh of modell and rAodellow
resolution modell have 35234 faces and model2 7663.

a

Figure 4. Portal of La Speranza, Cagliari. Resufirotessing

of photo sets obtained with two different cameegsnodell,
Canon EOS 350D; b) model2, Casio EX-H15

We noticed that the two solutions give differensuiés in the
elaboration of areas of uncertainty. Modell shoae$in the
area above the lintel and a lack of definitionhe tipper part of
the right eyebrow. In model2 the holes of the mash not
present but above the lintel there are, howeverasam which
the texture is not defined; also, the part of thebeow appears
more approximate.

In some cases the mesh produced may have gapdesr fibe
causes may be: some parts are not visible in &iguff number
of photos; the definition of photos does not gutanin that
area, the required density of the mesh. In theidered case,
the areas not covered by mesh, or those withodtrexare
above the capitals and lintel. The cause is thattqshwere
taken below the capitals.

Figure 6 compares the horizontal section of thenRidlel of the
portal in the two cases. This test revealed thahia scale, the
type and quality of two cameras does not influemeh the
final result.
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Figure 5. Comparison of the mesh obtained with dvfferent
cameras: a) modell, Canon EOS 350D; b) model2, E&io
H15

CANON

CASIO

Figure 6. Comparison of the horizontal section ivle@ with
two different cameras: a) modell, Canon EOS 350D; b)
model2, Casio EX-H15

To get an accurate model of the moldings we needete
detail. Therefore, for the determination of thefiles of the
moldings of each portal, we took a set of close-ups
distinguishing pier, base and capital. For each ware taken
10 photos on average.

Examining the calculations obtained we found theg model
obtained from the detail photos, allows to apptecithe
discontinuity on the surface of the stone causedsinface
degradation, but the overall shape of the moldiag be also
extrapolated from less accurate photos.

Figure 7 shows the progressive increase of theepied the
mesh in the three possible solutions offered byaihylication.
Instead, Figure 8 illustrates the progressive meeeof detail in
the section obtained from the three different mediel this way
the model can reach very high accuracy that allewgery
faithful reproduction of details.

To get the sections, we used 3ds Max that, withpknsteps,
imports the .OBJ file, cuts the 3D model and prodube final
rendered images. The obtained sections were impoae
polylines in a CAD program that allowed us to gethe final
plane representation of the profiles and their gstdm
simplification. The way to cut the mesh is similarthat usually
adopted to obtain section from a point cloud predusy a laser
scanner (Galizia & Santagati, 2012).
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Figure 7. Assemini, progressive increase in thesitieof the
mesh: Low 24506 faces, Medium 111126 faces, Hidi633
faces

HIGH DEFINITION
MEDIUM DEFINITION

Figure 8. Assemini, San Pietro. Comparison betvpeefiles of
moldings obtained by sectioning the three meshhHigedium,
Low
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5. RESULTS

The most important result of the applied methotbisbtain a
detailed model constituted by surfaces that alreadgtain
within themselves all the characteristics of th@resented
object. This result is obtained through a proceawresisting of
a few steps easily repeatable.

The method has been applied to the entire portaledisas to
some elements belonging to it. Moving from one ecaf
representation to another does not involve any gdan the
procedure, since it depends only on how photogcajphages
should be taken. So with the same agility, you raxdel a part
of a building, such as a detail.

An adequate inspection is necessary to ensureftbapace in
front of the object is sufficient for taking picts, that there are
no obstacles such as objects that obscure somg parbther
problems as exposure or lighting.

Therefore, the problems of survey, which in theecakdirect
measurement are various (Marino, 1990), in this ,wane
reduced to those related to photography.

When you project a survey of an object, in partcuin
architecture field, it is important to determineadvance some
fundamental aspects that enable you to make infibrcheices
both in terms of procedures and instruments to dkert, in
order to save time and money without sacrificingliy in the
results (Di Paola, 2010). So, choose the right guape is
closely related to the aim of the final work.

In the case stud, we assumed that the purpose ahtldel was
to determine the original form of the object. Tfusm would be
submitted to a subsequent geometrical study to make
comparison. For this reason, the procedure has teérated
according to the pursuit of this result.

We drew up a balance sheet between the obstacldse to
overcome and the benefits obtained, and surely tas
positive. Analyzing step by step the process wequivecally
concluded that is extremely valid.

Advantages of the procedure
»  Stage of data collection:
1. Use of a few instruments

2. .

3. Minimum time in gathering information.

4. Possibility to perform all the operations of cotlag
information by only one operator.

2. Accessibility of the object to be documented. (need
for auxiliary equipment for taking photos of items
placed at a height high).

e  Stage of processing the data:

1. 123D Catch works only if connected to a network.
The limits of such characteristic are obviouslytte
the speed of the network.

2. By agreeing to use the web-service you agree teesha
data relating to the draft prepared with the manage
(especially photos).

¢ Result:
1. The process returns only surfaces and not volumes.
2. The mesh density may be very high and, for the

management of the model, we would need a suitable

hardware.

6. CONCLUSIONS

Ultimately the procedure has allowed us to obtdie flat

section of the moldings. Also the comparison ofgketions of
the moldings (Figures 9-12) shows how the sametisalwf

pilasters separated by fillets, adopted in thetimeaf the four
portals, is open to different variations in size.

The application of the method has also graphidaighlighted
the state of degradation of the different moldingsestigated.
This degradation is closely linked to the type dditenial in

which are carved moldings and its exposure to vezatf.

Particularly in the case of Cagliari and Monserrdte edges
forming the alternation between torus and filless almost
imperceptible. Anyway, the sections obtained frdre tmesh
reproduce
conformation of the molding, hardly documentablehwdirect

survey. The obtained results are the basis for gtaphic

reconstruction of the original shape of the moldifgerefore
this result will enable further study on the geayeaind shapes,
not only of the moldings of the pier, but of thealdhdecorative
apparatus of the portal object of study.

Then we can conclude that the method is very eé¥iect
considering the margin of error, setting time andage

processing, the necessary tools and minimal olestatb

overcome. Different sites have allowed us to testgrocedure
under different conditions of exposure, sunshireeessibility,

degradation of surface, type of material, and wdifferent

5. Minimum costs for the equipment: camera, laserequipment and operators, showing that the finalltés not

distance meter, meter, pad of paper and pencil.
»  Stage of processing the data:

significantly affected by these factors. This leadgo conclude
that this procedure, articulated in a few repeatateps, can be

1. Obtaining a mesh model complete with texture andapplied, with the right corrections and adaptaticiessimilar

manageable with standard 3D modeling software;

2. Limited number of operations to be performed with

other software.
Quality of results (linked to the quality of theqibs).
Minimal operator skills in the use of software.

arw

processing occurs on the cloud.

6. Possibility to perform other tasks while the softava
works alone, it will alert us by email at the erfdte
process.

* Results:

1. Quality of the model.

2. Versatility of the model.

3. Accuracy of texture.

Limits of the procedure
»  Stage of data collection:
1. Need to take some control measure.

48

cases and/or larger or smaller elements.
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