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Per Andrea Rothe e Robert L. Feller

Poche parole, ma un ricordo sincero e commosso, per due grandi nel
restauro che ci hanno lasciato recentemente. Per primo, a fine giu-
gno, Andrea Rothe, restauratore, nato in Italia da genitori tedeschi,
cresciuto a New York, poi a Firenze nello studio Tintori - Rosi - Del
Serra (dove lo conobbi e frequentai) fino al 1981, quando divenne capo
restauratore del Museo Getty (fino al 2002). Era stato in primis artista,
e aveva studiato con Oskar Kokoschka a Vienna. Bellissime parole su di
lui ad opera dell'amico Marco Grassi, restauratore fiorentino attivo a
New York, in News in Conservation, il prezioso bollettino dell'TIC.

Per secondo, il 3 agosto (a 98 anni), Robert Feller, grande scienziato
nella conservazione, I'inventore del Paraloid B 72 applicato al restau-
ro, attivo nell'istituto Mellon di Pittsburgh dal 1950 al 1988 ma sempre
presente nel mondo della conservazione. Ancora pochissimi anni fa
aveva avuto la disponibilita e gentilezza di rispondere ad alcuni que-
siti rivoltigli dalla mia laureanda Alessia Cadetti con delle mail che co-
stituiscono probabilmente la sua ultima presenza nel mondo italiano
della conservazione (v. in A. Cadetti, Resine e no. L'introduzione delle
resine acriliche nel restauro italiano, Firenze, Edifir, 2016, pp. 119-121).
Vi si trovera anche una testimonianza della sua presenza a Firenze
nell'immediato dopo alluvione.

Giorgio Bonsanti

Questo numero di Kermes reca il nome di
Andrea Galeazzi come Direttore editoriale
della nostra rivista, anche se Andrea non
ha potuto seguirlo fino alla pubblicazione,
acausa di un gravissimo problema di
salute che continua ad affliggerlo da fine
agosto scorso.

Tutti coloro che partecipano di Kermes
invario modo, dalleditore al garante
scientifico, dal comitato di redazione al
pubblico dei suoi lettori, si augurano che
Andrea possa riprendere prima possibile
la sua funzione cosi fondamentale per la
nostra rivista, e abbracciano Andrea e la
sua famiglia con laffetto di sempre.
Leditore, il garante scientifico e il comitato
diredazione sono particolarmente grati

a Orlando Bertucci per avere assunto con
straordinaria generosita d impegno la
responsabilita di assicurare la continuita
e la salute della rivista, in quel cammino
diripresa che e stato intrapreso con la
forte determinazione che i lettori avranno
potuto apprezzare.

SOMMARIO

Getty Conservation Institute di Los Angeles, ottobre 1996: da sinistra,
Andrea Rothe, un n.n., Gianluigi Colalucci, lo storico d'arte Kevin
Salatino, Giorgio Bonsanti.
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Applications of 3D technology
in cultural heritage

edited by Laura Pecchioli

This issue of our magazine is dedicated to

the technologies of 3D reproduction, in its
relationship with the world of cultural heritage and
conservation.

What is the function of 3D reproduction, how
useful can it prove to be? But on the other hand,
which misunderstandings could it rouse? One

will read attentively the text by Paolo Salonia, who
raises with a particularly subtle reasoning the
issue of what the pros and cons of an increasingly
widespread use of the technologies we are
considering could be. Sure, a formidable support
for research and applications in the conservation
of cultural heritage. But also, a possible further
symptom of an estrangement between exact
sciences and other components of conservation, of
which we must beware and which we must oppose,
in order to achieve increasingly interdisciplinary
results in restoration, as such representative of the
best research; to be understood as a service and not
as an expression of self-referentiality.

Questo numero della rivista e dedicato
all’argomento delle tecnologie di riproduzione

in 3D nel loro rapporto con il mondo della
conservazione.

Quale ¢ la loro funzione, quale puo essere la loro
utilita? Ma anche, a quali fraintendimenti esse
possono dare luogo? Si leggera con attenzione

il testo di Paolo Salonia, che prospetta con
particolare finezza di ragionamento quali siano

i pro eicontro nell impiego sempre piu diffuso
delle tecnologie in questione. Certamente,
formidabile strumento di sostegno per le ricerche
e le applicazioni nel restauro; ma anche possibile
ulteriore sintomo di un allontanamento fra

le scienze esatte e le altre componenti della
conservazione dal quale dobbiamo guardarci

e che dobbiamo contrastare, nell'intento di un
restauro sempre piu interdisciplinare e dunque
sempre pitl rappresentativo della ricerca migliore,
intesa come servizio e non come espressione di
autoreferenzialita.

Giorgio Bonsanti, Garante scientifico
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APPLICATIONS OF 3D TECHNOLOGY

Preface
Prefazione

Laura Pecchioli

Tangible and intangible cultural heritage should be pre-
served, appropriately represented and authentically
presented. Digital technologies could hold an important
role concerning the operational part of a holistic-inter-
disciplinary approach to the maintenance of cultural
heritage (CH). Recording, documentation, promotion of
human histories, collective memories have the effect of
improving the understanding of each place, faciliting the
process of presenting the place’s local identity (Genius
loci) as well as its tangible and intangible cultural heri-
tage. All material objects have at least some tri-dimen-
sionality, thus using 3D to represent them can be clos-
er to the reality. However it requires some specialized
knowledge. Computer science has improved, and is still
improving the way to acquire, store, and visualize 3D
data. This has sensibly reduced the cost and complexity
to use it, and it is to be expected that its use will increase
even more. However, it is important to note that the com-
plexity of 3D is not only technical, but also conceptual: a
3D model or even a 4D model if one represents also the
change in time can be more faithful, but also more diffi-
cult to grasp for the user. Improvement of the technical
side can help but does not fully solve the problem.

Our ambition through this monographic special issue
in 3D technology in cultural heritage has been to illus-
trate through a short overview of applications the use
of modern technologies in 3D environments. Offering
a walk-through for professional figures and students
involved in digital cultural heritage studies of stimulat-
ing new ideas and interdisciplinary developments. Most
contributes integrate theory and practical information
in archaeological/architectural contexts, historical sites,
museums and also environments, from catacombs to his-
torical design exhibitions.

In order to better understand the relative advantages
and challenges that the 3D technologies present for CH,
the first section focuses on Digital survey and 3D digita-
lization, the second section presents case studies on Dig-
ital reconstruction, 3D-printing and Augmented Reality;,
finally, section 3 illustrates and concludes the publication
with contributes on Accessing and Information System.
Each section has been chosen to respond the main needs
and difficulties in situ and in post-processing.

IN CULTURAL HERITAGE

[1 patrimonio culturale tangibile e intangibile dovreb-
be essere conservato, opportunamente rappresentato e
presentato in modo adeguato e autentico. Le tecnologie
digitali possono rivestire un ruolo importante in relazio-
ne alla parte operativa di un approccio olistico interdi-
sciplinare alla conservazione del patrimonio culturale.
La registrazione, la documentazione, il supporto alla
diffusione di storie umane, le memorie collettive contri-
buiscono a migliorare la comprensione di ciascun luogo,
facilitando il processo di rappresentazione dell'identita
del luogo (Genius loci) e del suo patrimonio culturale tan-
gibile e intangibile. Poiché gli oggetti sono tridimensio-
nali, I'uso di tecniche e tecnologie 3D per rappresentarli
restituisce una visione piu vicina alla realta, per quan-
to cid necessiti ancora di sviluppi nel settore. Il campo
dell'informatica ha compiuto molti progressi e il modo di
acquisire, registrare e visualizzare dati 3D continua a mi-
gliorare. Cid ha ridotto sensibilmente i costi e ne ha dimi-
nuito la difficolta di utilizzo e ci si puo certo attendere un
progressivo incremento del suo impiego. Tuttavia, & im-
portante notare come la complessita del 3D non sia solo
di natura tecnica, bensi anche concettuale: un modello
3D, o addirittura 4D se si vuole rappresentare anche la
variazione nel tempo, puo essere piu fedele ma anche
pit complicato da comprendere per I'utente. Nonostante
I'affinamento dell’aspetto tecnico possa aiutare, esso non
risolve completamente il problema.

Lobiettivo di questo numero monografico speciale
sulla tecnologia 3D applicata al patrimonio culturale e
quello di illustrare I'uso delle moderne tecnologie in am-
bienti 3D avvalendosi di una panoramica di applicazioni.
Parallelamente, si & voluta offrire una guida per le figure
professionali e per gli studenti coinvolti nello studio del
patrimonio culturale digitale, per stimolare nuove idee
e per favorire progressi scientifici interdisciplinari. La
maggior parte dei contributi integra la teoria e le infor-
mazioni pratiche in contesti archeologico-architettonici,
siti storici, musei e altri ambienti, dalle catacombe alle
mostre storiche di design.

Al fine di comprendere meglio i relativi vantaggi e le
sfide che le tecnologie 3D presentano per il patrimonio
culturale, la prima sezione del volume tratta di rilievo
digitale e digitalizzazione 3D, la seconda espone casi di
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Sixteen articles give an overview of interesting appli-
cations using low-cost methodologies and developing a
new type of interaction and accessing for the profession-
al figures and common users. Methods and approaches
are illustrated and discussed by the authors with their
competence and through an interdisciplinary point of
view. In cultural heritage interdisciplinary is very im-
portant, especially when we use the potentialities of the
modern technologies to integrate or implement our proj-
ects. 3D technologies and techniques are a fast-moving
and evolving field, our goal has been to show to the read-
er methods tested with satisfying results, where different
backgrounds can meet themselves, in order to stimulate
a dialogue between different disciplines.

The scenario offered in this special issue is able to
illustrate the enormous potential of adopting 3D tech-
nologies in cultural heritage to spread and preserve our
common cultural knowledge for the future generations.
On that point are also bright new challenges and future
developments arising from the use of digital technolo-
gies, thiswill hopefully contribute to understanding how
3D can become one of the tools for knowledge of cultural
heritage.

studio su ricostruzione digitale, stampa 3D e Realta Au-
mentata, la terza, infine, accoglie contributi incentrati su
accessibilita e Sistema Informativo. Ogni sezione ¢ stata
pensata per rispondere alle principali esigenze e difficol-
tain situ e in post-elaborazione.

[ sedici contributi offrono una interessante panorami-
ca di applicazioni utilizzando metodologie a basso costo e
sviluppando un nuovo tipo di interazione e accesso per le
figure professionali e gli utenti comuni. Metodi e approcci
vengono illustrati e discussi dagli autori con competenza
e attraverso un punto di vista interdisciplinare. Nel patri-
monio culturale l'interdisciplinarita riveste particolare
importanza, soprattutto quando si attinge alle potenziali-
ta delle moderne tecnologie per integrare o implementare
i progetti. Le tecnologie e le tecniche 3D sono un campo in
rapida evoluzione, il proposito & stato quindi quello di mo-
strare al lettore metodi testati con risultati soddisfacenti,
in cui esperienze diverse possono incontrarsi, al fine di
stimolare un dialogo tra discipline diverse.

Lo scenario offerto in questo numero speciale inten-
de restituire pieno valore alle straordinarie potenzialita
dell’adozione delle tecnologie 3D nel patrimonio culturale,
per diffondere e preservare la memoria culturale colletti-
va per le generazioni future. Sono inoltre descritti nuove
e brillanti sfide e sviluppi futuri derivanti dall'uso delle
tecnologie digitali, nella speranza che cio contribuisca a
capire come la metodologia 3D possa diventare uno degli
strumenti per la conoscenza del patrimonio culturale.

kermes 107
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APPLICATIONS OF 3D TECHNOLOGY

Introduction

Intro

duzione

Paolo Salonia

Kermes devotes a special monographic dossier to the 3D
technology, so seeking to take part to the wide debate on
the use of three-dimensional models in the process of
knowledge for the conservation, enhancement and enjoy-
ment of cultural heritage.

It does so with the authoritativeness that derives to it-
self from the competent belonging to the world of resto-
ration and addressing precisely to that same world that is
really operative on the materiality, authenticity and iden-
tity of the assets to be safeguarded.

The main aim is to introduce these technologies into
the restorers’ world so that the current knowledge gaps
are eliminated and more and more the operators of the
sector become aware of the advantages - but also of the
dangers! - that can derive in their specific activities from
the use of innovative technologies.

It is believed, in fact, that technology, more or less so-
phisticated, above all, must be easily “familiarized” with
the restorer, the one who really “gets his hands dirty” and
for this reason is directly interested in the data produced
by that.

To this aim in the sector, research more strongly orient-
ed towards user-friendly simplified systems should be en-
couraged, sothat the end user can even make use of HW and
SW equipment of first immediate and direct use. From this,
the restorer could draw a first informative “coarse-grain”
framework, useful for planning his intervention actions
and establishing where and how to deepen to “fine grain”,
at this point relying on specialists with specific skills and
tools, but calibrated with the real demand for knowledge.

It would be thus possible to avoid the use of those tech-
nologies that, though, guarantee accuracy in the data, are
certainly redundant, given the needs and, above all, in the
face of their unsustainable costs.

It is intended, therefore, to open a debate, or rather
a desirable place of encounter/confrontation between
different knowledge and different skills, to promote a
non-referable dialogue that gives new vigour to the inter-
and multi-disciplinary approaches considered the unique
valid tool to face the countless and various issues of heri-
tage safeguard.

In this issue, therefore, an updated framework of tech-
nologies and applications is presented, even if not exhaus-

IN CULTURAL HERITAGE

Kermes dedica un numero monografico speciale alle tec-
nologie 3D, volendosi cosi inserire nell’ampio dibattito
sull'utilizzazione dei modelli tridimensionali nel proces-
so di conoscenza per la conservazione, valorizzazione e
fruizione del patrimonio culturale.

Lo fa con I'autorevolezza che le deriva dalla competen-
te appartenenza al mondo del restauro e rivolgendosi pro-
prio a quello stesso mondo realmente operativo sulla ma-
tericitd, autenticita e identita dei beni da salvaguardare.

Lo scopo principale & quello di introdurre tali tecno-
logie presso i restauratori affinché vengano eliminati gli
attuali gap conoscitivi e sempre pit gli operatori del setto-
re divengano consapevoli dei vantaggi - ma anche dei pe-
ricoli! - che dall'utilizzazione delle tecnologie innovative
possono derivare nelle loro specifiche attivita.

Si ritiene, infatti, che la tecnologia, pitt 0 meno sofisti-
cata, deve soprattutto poter essere facilmente “familiariz-
zata” con il restauratore, colui che realmente “si sporca le
mani” e che per questo motivo e direttamente interessato
ai dati da questa prodotta.

In questo senso va auspicabilmente incoraggiata la ri-
cercanel settore, che sia pit fortemente orientata alla pro-
duzione di sistemi semplificati user friendly, in modo che
I'utente finale possa addirittura avvalersi di apparati HW
e SW di primo immediato e diretto impiego. Da questo
potrebbe trarre un primo orientativo quadro informativo
a “grana grossa’, utile per pianificare azioni di interven-
to e stabilire dove e come approfondire a “grana fine”, a
questo punto affidandosi a competenze e strumentazioni
specifiche, ma calibrate con la reale domanda di cono-
scenza evitando quelle tecnologie che pure garantiscono
accuratezza nei dati ma che sono sicuramente ridondanti
rispetto alle necessita e, soprattutto, a fronte di costi non
sostenibili.

Si e inteso dunque aprire un dibattito, o meglio un au-
spicabile luogo di incontro/confronto tra diversi saperi
e differenti professionalitd, per promuovere un non pit
rinviabile dialogo che dia nuovo vigore agli approcci in-
ter- e multi-disciplinari ritenuti unico valido strumento
per affrontare le innumerevoli e varie problematiche del-
la salvaguardia del patrimonio.

In questo numero, quindi, viene presentato un qua-
dro aggiornato di tecnologie e di applicazioni, anche
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tive, however, considered sufficiently representative of

the state-of-the-art of this specific segment.

In the following pages, it will be possible to find a selec-
tion of contributions with detailed illustrations of a multi-
plicity of case studies, representative of different types of
goods, at different scales, with equally diversified knowl-
edge and communication objectives, each of which illus-
trates the technologies used both in terms of HW that of SW.

It will be about digital photogrammetry, laser scanner,
about Structure-from-Motion (SfM), Ground Penetrating
Radar (GPR) and Augmented Reality (AR) systems, up to
the recent experiments with robots for surveying in hypo-
geal environments.

The individual contributions that enrich this number
are of a high international thickness and the different
Authors come from the Academy world, from Research In-
stitutions, but they are also professionals in private Com-
panies or Spinn-Off, thus ensuring a variety of different
approaches to the same problems.

While avoiding to present a synthetic reasoned sum-
mary of individual papers below proposed, so delegating
the task to the index of the monographic number itself,
only by way of example but absolutely outside of merit hi-
erarchies, some contributions are cited:

- that of the Estonian Academy of Arts and the Univer-
sity of Bologna, presents an interesting study on the
work of Christian Ackermann, a sculptor that worked
between the Late 17th century and Early 18th century;

- SfM experiments conducted within the COBRA Project
of ENEA in the catacombs of Priscilla in Rome, in col-
laboration with the Pontifical Commission for Sacred
Archaeology of the Vatican State (PCAS);

- always with the PCAS, MuPriS project: Museum of sar-
cophagi, inside the Basilica of St. Silvestro above the
catacombs of Priscilla, conceived also as an innovative
virtual museum. The visit of Roman archaeological
finds can be in addition online through a 2D interface
and 3D web platform;

- still on the same catacomb site was developed an in-
terdisciplinary experimentation within of a European
Project of the VII Programma Quadro, with 3D seman-
tic surveys and modeling performed in “real time” of a
large part of the structure hypogeum by using techno-
logically equipped robots;

- other interesting articles related to 3D surveying ac-
tivities on the excavation in Ostia antica contest within
the Ostia-Forum-Project of the Humboldt University of
Berlino;

- the work related to the 3D documentation of the Navig-
li network in Milan tested on original drawings by
Leonardo da Vinci;

- or as 3D Information System to monitor the fountain
of Neptune in Bologna, developed by the University of
Bologna with the ISCR MiBAC and the CNR of Pisa.

And many others of equal interest, impossible to cite
all for obvious problems of editorial space.

Overall, therefore, it can be said that the articles that
make up the substance of this monographic dossier rep-
resent a valid and up-to-date view of the state-of-the-art of

se non esaustivo, comunque ritenuto sufficientemente

rappresentativo dello stato dell’arte di questo specifico

segmento.

Nelle pagine seguenti sara possibile trovare una sele-
zione di contributi con approfondite illustrazioni di una
molteplicita di casi di studio, rappresentativi di diverse
tipologie dibeni, a diverse scale, con obiettivi di conoscen-
zae di comunicazione altrettanto diversificati, ognuno dei
quali esemplificativo delle tecnologie impiegate sia in ter-
mini di HW che di SW.

Si trattera di fotogrammetria digitale come di laser
scanner, di sistemi Structure-from-Motion (SfM), di
Ground Penetrating Radar (GPR) come di Augmented Re-
ality (AR), fino ad arrivare a recenti sperimentazioni di
robot per rilievi in ambienti ipogei.

I singoli contributi che arricchiscono questo numero
sono di alto spessore internazionale e i diversi autori pro-
vengono dal mondo dell’Accademia, degli Enti di ricerca,
ma sono anche professionisti presso aziende private o
spin-off, cosi assicurando anche una varieta di differenti
approcci alle stesse problematiche.

Solo a titolo esemplificativo e assolutamente al di fuo-
ridi gerarchie di merito, anche perché alto sarebbe il ri-
schio di non potere essere significativamente esaustivi,
delegando il compito quindi all'indice del numero mono-
grafico stesso, si citano alcuni contributi:

- quello dell'’Accademia delle Arti estone e dell'Uni-
versita di Bologna, presenta un interessante studio
sull'opera di Christian Ackermann, uno scultore che
ha operato trala fine del 1600 e i primi del 1700;

- le sperimentazioni SfM condotte all'interno del Pro-
getto COBRA dell’'ENEA nelle Catacombe di Priscilla
in Roma, in collaborazione con la Pontificia Commis-
sione di Archeologia Sacra dello Stato del Vaticano
(PCAS);

- sempre con la PCAS, il Progetto MuPriS: museo dei
sarcofagi, all'interno della Basilica di San Silvestro so-
vrastante le Catacombe di Priscilla, concepito anche
come un innovativo museo virtuale. La visita dei re-
perti archeologici di epoca romana e possibile anche
online con interazione 2D e piattaforma web 3D;

- ancora nello stesso sito catacombale é stata sviluppa-
ta una sperimentazione interdisciplinare, finanziata
nell’ambito di un Progetto Europeo del VII Program-
ma Quadro, con rilievi e modellazione semantica 3D
eseguiti in “real time” di gran parte della struttura
ipogea mediante 1'utilizzazione di robot tecnologica-
mente equipaggiati;

- altri interessanti articoli relativi alle attivita di rilie-
vo 3D sullo scavo nel contesto di Ostia antica nell’'am-
bito del Ostia-Forum-Project dell'Universita della
Humboldt di Berlino;

- il lavoro relativo alla documentazione 3D della rete
dei Navigli a Milano, verificata sui disegni orginali di
Leonardo da Vinci;

- o come il Sistema Informativo 3D per il monitorag-
gio della Fontana del Nettuno a Bologna, sviluppato
dall'Universita di Bologna con I'ISCR del MiBAC e il
CNR di Pisa.
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3D technologies and of the sophisticated levels of applica-
tion cases reached worldwide.

But beyond the thickness of the described innovations,
these articles above all question us precisely about that
“heritage/knowledge/technology” relationship in order
to verify if we are really “on the right road”.

Or, if perhaps a trend reversal is likely to make us
more aware of how one of the terms of such a relation-
ship, the technology in strong acceleration, is far too far
from the others. This is why we need to rely on fewer cer-
tainty, rather giving more space to the necessary critical
rethinking.

The topics discussed in the various articles bring to the
fore the central theme of the debate between hard science,
cultural heritage and humanities and this issue must be
tackled with urgency and depth in a totally interdisciplin-
ary way.

It is important to check finally to what extent the mas-
sive introduction of digital technologies (especially those
of robots), as well as ensuring accuracy and reliability in
measurable data because quantitative, can couple a signif-
icant added value to a cognitive process that is based on
the recognition of the quality and identity value of assets.

In this way it is possible combining in a single process
safeguard, preservation and putting in the value of them,
declining also different forms of enjoyment.

Evidently, the use of technology significantly multi-
plies our measurement capability, extending it to even
inconceivable limits if we are to entrust this - the mea-
surement action - to our own perceptive senses and our
manual skills. This leads us to a first reflection on what
technology mediation interferes between us, the sub-
jects of knowledge, and the artifact to be known, creating
objective conditions for reducing attention to the object
and, conversely, concentration on the technological tool.

This issue, already addressed by Walter Benjamin (The
Artwork at the Time of Its Technical Reproducibility - Das
Kunstwerk im Zeitalter seiner technischen Reproduzier-
barkeit, 1935-39), when he introduces the discourse on
photography and writes: “[..] With photography, in the
process of figurative reproduction, the hand was seen
for the first time discharged of the most important ar-
tistic tasks, which now came to be of the eye that looked
into the lens. Since the eye is quicker to grasp than the
hand to draw, the process of figurative reproduction was
accelerated to the point of being able to stand behind the
eloquence [...]".

In essence, we are now giving more attention to the
“muscularity” of technology and spectacularity of the 3D
model, rather than devoting our attention to the real arti-
fact of which the same 3D model represents the millimetre
reproduction and the morphometric basis of knowledge.

The theme is as often been addressed: to maintain firm-
ly the reason for the “end” (the aim of knowledge for the
conservation of the property) and not to replace this with
the “medium” (the technology to build, use and dissemi-
nate such knowledge).

If this is the reality in which we are immersed, it is,
therefore, necessary and no longer be postponed that the

Paolo Salonia

E molti altri ancora di pari interesse, impossibili da
citare tutti per evidenti problemi di spazio editoriale.

Complessivamente, dunque, si puo affermare che gli
articoli che costituiscono la sostanza di questo numero
monografico rappresentano un valido e aggiornato pano-
rama dello stato dell’arte delle tecnologie 3D e dei livelli
sofisticati di casi applicativi raggiunti a scala mondiale.

Ma al di 1a dello spessore delle innovazioni descritte,
questi testi soprattutto ciinterrogano proprio su quel rap-
porto “patrimonio/conoscenza/tecnologie” al fine di veri-
ficare se siamo veramente “sulla strada giusta”.

O, viceversa, se e forse opportuna una inversione
di tendenza che ci renda maggiormente consapevoli su
quanto uno dei termini di tale rapporto, la tecnologia in
forte accelerazione, sia ormai eccessivamente distante da-
gli altri, affidandoci a un minor numero di certezze, piut-
tosto dando maggiore spazio al necessario ripensamento
critico.

Gli argomenti affrontati nei diversi articoli portano
alla ribalta il tema centrale nel dibattito tra hard science,
cultural heritage science e humanities e questo deve essere
affrontato con urgenza e profondita in modo totalmente
interdisciplinare.

Si tratta di verificare finalmente in quale misura I'in-
troduzione massiccia delle tecnologie digitali (tanto piu
quelle robotizzate), oltre ad assicurare precisione e affi-
dabilita a grandezze misurabili perché quantitative, pos-
sa apportare significativo valore aggiunto a un processo
conoscitivo che si fondi sul riconoscimento della qualita e
del valore identitario dei beni.

In questo modo coniugando in un unico processo la
tutela, la conservazione e la messa in valore degli stessi,
declinando anche forme diverse di fruizione.

L'uso di tecnologie che moltiplicano significativamente
la nostra capacita di misura, estremizzandola a limiti per-
sino inconcepibili se dovessimo affidare questa - I'azione
di misura - ai nostri soli sensi percettivi e alla nostra ma-
nualita, ci porta a una prima riflessione su quanto la me-
diazione tecnologica si interponga tra noi, soggetti della
conoscenza, e il manufatto da conoscere, creando ogget-
tive condizioni di riduzione di attenzione verso l'oggetto
e, al contrario, di concentrazione sullo strumento tecno-
logico.

Questione, questa, gia affrontata da Walter Benjamin
in Lopera d’arte nell'epoca della sua riproducibilita tecnica
(1935-39), laddove introduce il discorso sulla fotografia e
scrive: “[...] Con la fotografia, nel processo della riprodu-
zione figurativa, lamano sivide per la prima volta scarica-
ta delle pit importanti incombenze artistiche, che ormai
venivano ad essere di spettanza dell’occhio che guardava
dentro 'obiettivo. Poiché I'occhio € pit rapido ad afferrare
che non la mano a disegnare, il processo della riproduzio-
ne figurativa venne accelerato al punto di essere in grado
di star dietro all'eloquio [...]".

In sostanza, ormai rischiamo di prestare piu attenzio-
ne alla “muscolosita” della tecnologia e alla spettacolarita
del modello 3D, di quanta non ne dedichiamo al manufatto
reale del quale quel modello rappresenta la riproduzione
millimetrica e la base morfometrica di conoscenza.
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theme of technology also acquires a new priority in our
reflection.

We must, therefore, ask ourselves the question of how
and how much the Enabling Technologies should not only
continue to be confined to routine applications but how
they can offer added value in order to contribute to the
full sustainability and “democracy” of the conservation
process.

Our first commitment, it could be said ethical, must
therefore be to constantly combine the values deriving
from the principles of conservation with technological
innovation, but constantly maintaining the centrality of
cultural heritage.

Specifically, with this ideals, Kermes intends to propose
this monographic issue on 3D technologies, almost to so-
licit provocatively a debate that it is hoped will grow in the
magazine as new ways to compare ideas.

From now, Kermes undertakes to study also innovative
forms to host and nurture it, creating a “place” of discus-
sion absolutely necessary today, a kind of platform to con-
nect in order to allow lively exchanges of updated infor-
mation and open a sort of permanent observatory on what
happens worldwide, finally to promote a (hopefully high)
technical-scientific comparison.

Il tema & quello, gia piu volte affrontato, di mantenere
ben saldalaragione del “fine” (la conoscenza per la conser-
vazione del bene) e di non sostituire questo con il “mezzo”
(la tecnologia per costruire tale conoscenza, utilizzarla e
disseminarla).

Se questa ¢ la realta in cui siamo immersi, di conse-
guenza € necessario e non piu rinviabile che il tema della
tecnologia acquisisca anche una nuova priorita nella no-
stra riflessione.

Dobbiamo, ciog, porci I'interrogativo di come e quanto
anche le tecnologie abilitanti non debbano continuare a
essere confinate solamente ad ambiti applicativi routina-
ri, ma in che modo possano offrire un valore aggiunto al
fine di contribuire alla piena sostenibilita e “democratici-
ta” dell'intervento conservativo.

Il nostro primo impegno, si potrebbe dire etico, deve
diventare dunque quello di coniugare costantemente i va-
lori che provengono dai principi della conservazione con
I'innovazione tecnologica, ma costantemente mantenendo
la centralita del patrimonio culturale.

Specificatamente con questo spirito Kermes ha inteso
proporre il presente numero monografico destinato alle
tecnologie 3D, quasi provocatoriamente per sollecitare un
dibattito che si auspica possa crescere nella Rivista come
nuova modalita per il confronto delle idee.

Kermes fin d’'ora si impegna a studiare anche forme in-
novative per ospitarlo e alimentarlo, creando un “luogo”
di discussione assolutamente oggi necessario, una sorta
di piattaforma per connettersi al fine di permettere vivaci
scambi di informazioni aggiornate e aprire una sorta di
osservatorio permanente su quanto accade a livello inter-
nazionale, infine promuovere un confronto (sperabilmen-
te alto) tecnico-scientifico.

Heritage Ambassadors
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DIGITAL SURVEY AND 3D DIGITALIZATION

Analysis of skylight illumination
using 3D

An experimental case of the Roma and Augustus
temple in Ostia

Daniel Damgaard
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Fig. 1. Coppo type H1
from the Roma and
Augustus temple.

Axel Gering has recently put forward the hypothesis that
the cella of the Roma and Augustus temple in Ostia was il-
luminated through several elongated windows positioned
behind the inner colonnades. The bottom of the windows
consists of shafts cut out into the cella socles. Remains of
the shafts are preserved on two different cella socles, thus
providing the adequate documentation for such a hypoth-
esis. Roberta Geremia Nucci has already proposed that the
shafts in the cella socles were utilised for illumination.
However, her hypothesis concerns an illumination of the
rooms in the podium beneath the cella and not the cella it-
self [Geremia Nucci, 2013: 64-65].

The light shining into the cella, as presented by Gering,
would emerge from behind the statues positioned inside
the aediculae along the inside longitudinal cella walls. In

Typus H1, TRA 11_015
OFP 2015 f D. Damgaard 2017

continuations to this hypothesis, ideas of illumination
through the marble roof of the temple have emerged. Sev-
eral research projects have been conducted on this subject
around the ancient world, but mostly on Greek temples
and mostly on transparent roofing [Wikander, 1983; Heile,
1990; Hopefner, 2001; Gruben et al., 2002: 391-397; Ohne-
sorg, 2011; Hennemeyer, 2011]. In one research regarding
the Demeter temple in Sangri on Naxos it was documented
that thin (2 cm) marble pan tiles (lat.: tegulae) entailed that
5-8 % of the outside light shined through the marble tiles
and into the cella, thus lightening up the interior [Hoepf-
ner, 2001: 491-492; Ohnesorg, 2011: 92-93].

Three different options of illumination through roofs
consist of skylight tiles with opaia (sing. opaion - opening
in the tile), transparent roofing and the hypaethral tem-
ple [Heile, 1990]. The first option is relevant to discuss in
relations to the Roma and Augustus temple. The last two
options, transparent roofing and the hypaethral temple,
are less likely.

The reason transparent roofing is unlikely, is due to
the pan tiles found in Ostia, which are all between 3 and
4.5 cm thick. Thus, 1-2.5 cm thicker than the tiles of the
Demeter temple. A typology of pan tiles in Ostia is yet to
be defined, and we are therefore not certain whether the
pan tiles from the Roma and Augustus temple were 3 or
4.5 cm thick. The roof'tiles of the Roma and Augustus tem-
ple are made in Luna (Carrara) marble, and some research
has been conducted on the geological composition of Luna
marble [Herz et al., 1986], but experiments on its ability to
transfer light have not yet been conducted. Therefore, in
the 2017 summer-campaign of Ostia Forum Project (OFP),
a small experiment to test the ability of Luna marble to
transfer light was conducted. It turned out that the tiles
were too thick, thus, no light shined through. Another
contributing factor to the inability of the marble to trans-
fer light was that the upperside of the pan tiles all have a
rough surface with remains of the dental iron. This dis-
turbed the light-direction, which made it difficult for any
transparent effect. The roof tiles of monuments that are
documented to have had a transparent roof are all pol-
ished on the upperside as well as their underside, which
does not only concern the pan tiles, but also the cover tiles
(lat.: imbreces; it.: coppi) and the ridge tiles [Kelly, 1996:
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Fig. 2. Overview
of the position of the
skylight tiles.

258-261; Cooper, 1996: 54]. This indicates that to have a
transparent roof, both sides of the tiles have to be polished.

The last solution, the hypaethral temple, is even more
unlikely, due to the fact that there are no recorded exam-
ples of such a roofing system in Rome, why it is also un-
likely that there should be examples of it in Ostia [Vitr. De
Arch. 111, 2,8; Heile, 1990: 32].

The marble roof tiles

The roof of the Roma and Augustus temple is known as
a Corinthian roofing system'. It consists of large flat pan
tiles and cover tiles of the type Hl1 [Gering, 2017: fig. 5;
Damgaard, forthcoming]? (fig. 1).

We know that the Roma and Augustus temple consisted
of Luna marble, and as mentioned above, even the pan tiles
made in Luna differ in thickness. This difference can also
be explained by the possibility of other monuments in the
Forum having marble tiles made in Luna, where another
thickness was utilised. However, due to the excavation
history of the temple and the Forum in general, we cannot
point towards one certain pan tile thickness for the tem-
ple. Nonetheless, all the pan tiles have one thing in com-
mon, and that is that they are all polished on their under-
side. The upper side, as mentioned above, is unpolished.
Therefore, it is interesting to ask the question: why polish
the underside of a pan tile? The long edges of the under-
side of the pan tile were resting on the rafters, where it is
more likely that a rough underside would ensure more
stability. Consequently, this polished underside indicates
that that side of the pan tile was visible from beneath and
thus possibly from the viewer inside the cella. Hence, one
of the reasons for this polished underside could be that of
illumination.

lllumination through the roof

of the Roma and Augustus temple
Skylight tiles

Skylight tiles have been categorised into five types by
[Wikander, 1983: 91-94]. They are differentiated by their
architectural layout, where the opaion differs in shape

Daniel Damgaard

as well as differences of the raised borders surrounding
the opaion. Because we do not have any fragments repre-
senting a skylight tile, we cannot determine which type of
skylight that hypothetically would have been utilised on
the temple. However, according to the material presented
by [Wikander, 1983: 85 fig. 2], one skylight tile from Kau-
lonia with a size measuring 92 x 59 cm is very similar in
style and size to the pan tiles from the Roma and Augustus
temple, which measures 90 x 66 cm [Geremia Nucci, 2013:
89 fig. 84]. Hence, this skylight tile, type Ia, will therefore
be representative for the skylight tile utilised on the Roma
and Augustus temple [for type I: Wikander, 1983: 91-92].
The opaion from the tile in Kaulonia is 25 cm in diameter,
which would fit well to the tiles from Ostia.

It is unfortunately unknown how many skylight tiles
that were on the roof, but we do believe that a sufficient
amount of skylight tiles on each roof side would be six,
thus twelve skylight tiles on the entire roof surface. They
are placed strategically, based on different illumination
possibilities of the cella. This will be explained and visual-
ised in the next section.

lllumination of the Roma and Augustus temple

In the attempt to experiment with illumination of the
cella, Marco Dehner has created a 3D model of the tem-
ple using the programme SketchUp Make 2017. The 3D
model has been generated using authentic measure-
ments from almost each individual architectural objects
ascribed to the temple, thus creating an authentic model
of the temple and its interior. [ have inserted the twelve
skylight tiles using the same programme, in which it
becomes possible to experiment with the illumination.
To provide different illumination angles, three differ-
ent times during a July day have been chosen: morning
at 10:00 AM, around noon at 01:00 PM and in the early
evening at 05:00 PM.

On one roof side, two skylight tiles have been placed
three vertical rows of pan tiles from the raking simas in
the south-facing pediment, thus roughly 3 meters from
the sima. Raking simas are the rows of pan tiles adja-
cent to the backside of the sima [Ginouves, 1992: 189, pl.
83.1e]. One skylight tile is placed two horizontal rows
of pan tiles, thus circa 1.8 meters, from the ridge of the
roof. In the other end, one skylight tile is placed the same
distance, thus 1.8 meters, above the antefixes. Two corre-
sponding skylight tiles are placed in the same manner on
the other roof side. Thus, four skylight tiles are placed
above the southern part of the cella. A similar row with
four skylight tiles has been placed above the other end
of the cella, thus they are placed roughly in the middle
of the entire roof length. They are placed in this manner,
because no skylight tiles would have been placed above
the pronaos. This is simply because that section of the
temple is already located outside, hence no need for il-
lumination. The last set of skylight tiles are placed in the
same manner, but in between the other two rows of sky-
light tiles (fig. 2).

Due to the orientation of the temple with its entrance
facing north, there would not be any direct sunlight on the
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cult statues in the southern end of the cella at any point
during the year, despite four skylight tiles being placed
roughly above them. The only option for direct sunlight
would be if there were windows in the cella wall behind
the cult statues. Roman temples in the Near East have win-
dows in the cella walls [Ginovueés, 1992: pl. 31.3; Collart et
al., 1969: 67], but we do not have any indications of such a
solution in Ostia nor in Rome or the Roman West for that
matter. Hence, this solution is not likely here, which thus
means that the cult statues were never exposed to direct
sunlight. The marble revetment of the cella walls could
however be polished in such a way that the light shining
through the skylight tiles and the elongated windows be-
hind the aediculae statues could be reflected towards the
cult statues.

When conducting experiments with sunlight, sur-
rounding buildings play a vital role, and one must be
aware of the built environment. The Roma and Augustus
temple is the oldest monument on the Forum amongst the
present structures. The temple is built in 6 AD. We can
therefore exclude shadows from the tall Baths of the Fo-
rum positioned to the east, due to the fact that they were
constructed in the 2nd century AD. During the afternoon
and evening sun, the Basilica positioned to the west was
not erected either, but was built some 60-70 years later.
Therefore, what we can assume is that in Augustan times,
when the Roma and Augustus temple was built, it would
have been the highest standing building within a large ra-
dius of the Forum - at least in the direction of the sun’s
movement. In addition, because we are dealing with the
roof, there would hardly be any risks of shadowing at any
point during the day.

The interior of the temple has been reconstructed with
four aediculae on the ground floor on each side, which
are divided by five columns. On the second floor above
the aediculae, five smaller columns are placed®. Thus, in
the morning, the three lowest skylight tiles on the eastern
roof side would illuminate the aediculae of the western
wall, while the three upper tiles would illuminate the sec-
ond floor columns above the aediculae (figs. 3a/b).

Around midday, the sunlight shining through the
twelve skylight tiles would direct sunlight towards the
floor and the door in the north end of the cella. In the after-
noon hours, the three lower skylight tiles of the western
roof side would illuminate the eastern aediculae, while
the three upper tiles would illuminate the second floor
columns.

Regarding the risk of rainwater entering the cella,
there are two different approaches to prevent this from
happening. The first option consists of a closing mech-
anism, where a lit, most likely of terracotta, could be at-
tached to the surface of the skylight tile. This would be the
easiest and quickest solution despite the fact that the clos-
ing mechanism had to be moved physically by someone.
However, there are different solutions to this problem,
which amongst others includes a wooden stick attached
to the terracotta lit, which means that the lit could be ma-
noeuvred from inside the cella [Wikander, 1983: 92]. The
second option is a so-called trough tile, which lies across

the direction of the raised borders of the surrounding pan
tiles. Such a tile is placed above the skylight tile, where
it leads water towards the adjacent rows of pan tiles and
away from the opaion. Such a solution can be found on the
South Stoa in Corinth [Broneer, 1954: 87].

The rain falling straight into the cella could be handled
by simple drains in the floor leading the rain to a drainage.
On the inside of the fundament, a tube is still preserved
in the opus reticulatum fundament walls. Originally, a pipe
would have been built into the tube, thus functioning as
drainage, where rainwater was transported to the sewer
systems of Ostia [Geremia Nucci, 2013: 65]. The reason for
this drainage is most likely connected with the shafts of the
cella socles, through which rainwater could enter. Water
sliding into the podium would be problematic, but the tube
system in the fundament indicates that the solution to this
problem was to insert a vertical drain just below the open-
ing in the cella socles. This same architectural principle
could have been utilised with water being led from a pos-
sible built-in-drain in the cella floor, and via a pipe led to
the preserved pipe system leading it to the underground
sewer system.

Why illuminate a temple of the Imperial
cult?

It can be interpreted differently if we are dealing with
religious connotations regarding the illumination of the
cella and the aediculae at the different times during the
day or at a certain time during the year. However, it can
also merely be with the intention of lighting up the cella
having certain practices in mind. Normally in temples,
nobody had access to the cella except the priests. All re-
ligious and sacrificial actions happened in front of the
temple by the altar. However, as the cella could have been
illuminated, this indicates that the temple was utilised for
something more than just priests working for the Impe-
rial cult. One hypothesis could be that the temple could
have been utilised for council meetings, which is support-
ed by a 2nd century AD inscription [CIL XIV 353]. It is
known that Ostia was governed by the decuriones (the city
council) and that the flames Romae et Augusti (the priest
of the cult) could have been politically active [Meiggs,
1977:178-179]. This information combined with the newly
established hypothesis that the Roma and Augustus tem-
ple was illuminated, could indicate that the temple was
utilised as a meeting place for that council in Augustan
times. Illumination of temples is well known in the Ro-
man East, where there is a vast evidence of temples being
illuminated through large windows. However, due to the
wide variety of different cultic activities in that region,
those windows are not necessarily related to these same
functions. On the contrary, in the Roman West, there are
hardly any known examples of temples being illuminat-
ed, which makes these findings even more extraordinary+.
Furthermore, it is known that the podium in front of the
entrance to the cella was the rostrum - a place where an
orator made public announcements for the people. In-
deed, this does not relate to actions inside the cella, but
it does imply that the temple had more than one function.
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Fig. 3. The morning
light on the western
aediculae (a); the
afternoon light
shining on the eastern
aediculae (b).

Daniel Damgaard

3b

Notwithstanding, it cannot be excluded that the cella
was equipped with wooden ceilings, as it is seen in, for
example, the almost contemporary Mars Ultor temple in
Rome [Ganzert, 1996: 237], and in many reconstructions
of Roman temples in general. This would ultimately ex-
clude the function of the skylight tiles. Nevertheless, it is
still conspicuous that the underside of the pan tiles were
polished and the question “why polish the underside of
a pan tile?” could be answered with the purpose of illu-
mination.

Conclusions

The article has presented a new way of looking at the Roma
and Augustus temple in Ostia. Both regarding function,
but also regarding the architecture of the roof. The aim of
this article has thus been to present some initial thoughts
that have been visualised in a 3D room. In this way, it has
been easier to interpret and analyse on not only the single
skylight tile but also on the contexts and functions. Ina 3D
room, it is easier to change the roof and add to it, when fu-
ture discoveries are made.
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Through the utilisation of 3D, it is easier to interpret
on the archaeological data and to put the archaeological
data into a broader perspective. Furthermore, the 3D
room enables a, sometimes hypothetical, view of the an-
cient viewer, thus adding a much-needed perspective on
visual culture.

NOTES

1. For an overview of the different marble roofing systems, see
[Wikander, 1988: 215; Ginovues, 1992: 182-196, pls. 82-85].

2. Seealso “Ostian Marble Roof Tiles - Aspects of Chronology, Typol-
ogy and Function”, Ostia Forum Project, http:/ostiaforumproject.com/
ostian-marble-rooftiles/, accessed the 8th of June 2018.

3. Thisisbased onthe old hypothesis of its interior. The new hypoth-
esis is presented by Gering in this volume: Gering A., Pecchioli L., Deh-
ner M., Takéts B., “3D archaeological field recording in Ostia Antica”.
However, this does not have any effect on the purpose of my work here.
4. For an overview of possible skylight tiles from temples in the Ro-
man West, see [Wikander, 1983: nos. 15, 25, 27, 32].
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ABSTRACT

ANALYSIS OF SKYLIGHT ILLUMINATION USING 3D

AN EXPERIMENTAL CASE OF THE ROMA AND AUGUSTUS
TEMPLE IN OSTIA

Arecent hypothesis by Axel Gering concerns the idea that
the cella of the Roma and Augustus temple in Ostia was
illuminated through elongated windows positioned behind
the statues in the aediculae of the cella. The purpose of
this article is to contribute to this hypothesis by presenting
some 3D work of illumination through skylight tiles. Some
marble fragments that could resemble skylight tiles have
been found in a deposit close to the Roma and Augustus
temple. This initiated some ideas that the roof of the tem-
ple could have been equipped with these types of tiles. The
tiles would not only assist in illuminating the cella, but also
the statue-equipped aediculae along the walls. Skylight
tiles of Roman temples are rarely discussed and even more
rarely published.

ANALISI 3D DELLA ILLUMINAZIONE DEL LUCERNARIO

UN CASO SPERIMENTALE DELTEMPIO DI ROMA EAUGU-
STOAOSTIA

Una recente tesi di Axel Gering ipotizza che la cella del tem-
pio di Roma e Augusto a Ostia fosse illuminata da finestre
rettangolari poste dietro le statue entro le edicole della
cella. Lobiettivo di questo articolo & di concorrere a tale
ipotesi presentando alcune elaborazioni 3D di illuminazio-
ne attraverso i coppi del lucernario. Alcuni frammenti mar-
morei che potrebbero ricondursi a coppi di lucernario sono
stati rinvenuti in un deposito prossimo al tempio di Roma
e Augusto. Cio ha condotto all'idea che il tetto del tempio
avrebbe potuto essere munito di questi tipi di tegole. Esse
non avrebbero solo favorito l'illuminazione della cella, ma
anche quella delle edicole con le statue lungo le pareti. |
coppi di lucernario dei templi romani sono di rado oggetto
di trattazioni e, ancora pit di rado, di pubblicazione.

KEYWORDS

Ostia, illumination, skylight tile, marble roofing, temple
Ostia, illuminazione, coppi di lucernario, copertura marmoread,
tempio
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IV Giornata di studio: Conservazione e Restauro del contemporaneo

LA CONSERVAZIONE E IL RESTAURO DELIA

FOTOGRAFIA IN ITALIA

DAGLI ANNI ’50 AL CONTEMPORANEO
Venerdi 1 febbraio 2019 - AULA MAGNA dell’ ACCADEMIA DI BELLE
ARTI DI BOLOGNA, Via Belle Arti 54, Bologna

Il convegno vertera sul confronto fra le esperienze di Enti pubblici e privati operanti nel campo del
restauro fotografico in Italia. | materiali fotografici presenti in commercio dalla seconda meta del
Movecento ai giorni nostri sono estremamente diversi fra loro e in molti casi ancora poco indagati.
La giornata di studi potra rappresentare il primo passo per tracciare alcune linee guida nel campo
del restauro fotografico di oggetti contemporanei e di tecniche di intervento ritenute innovative.
Come nelle edizioni precedenti, si prevede di suddividere la giornata in una sezione piu teorica la
mattina, e una piu tecnica il pomeriggio.

La sezione teorica, vuole dare uno spaccato della situazione attuale, ricordando che tale disciplina
in Italia & relativamente giovane, poiché si defini l'importanza del materiale fotografico in quanto
bene culturale solo intorno agli anni ‘90. Per tale motivo interverranno esperti del settore afferenti
alle maggiori istituzioni.

La sezione pratica vuole mettere a confronto I'esperienza dei restauratori di istituzioni pubbliche,
la cui attivitd converge perlopit nellinsegnamento, con quella dei restauratori privati, con
l'obiettivo di fare il punto sulla situazione nazionale.

Quest'anno all'evento potranno partecipare anche i neolaureati e i laureandi afferenti al profilo
PFPS delle Scuole di Restauro, per i quali € prevista una sessione di poster che verranno esposti
durante la giornata del convegno. Tale scelta & dovuta al fatto che buona parte della ricerca
coincide con la didattica delle Scuole di Restauro e quindi risulta fondamentale riportarne i risultati
in questa sede di confronto.

PARTECIPAZIONE GRATUITA, PREVIA ISCRIZIONE, FINO AD ESAURIMENTO POSTI

info e iscrizioni www.igiic.org



