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Le attività illustrate fanno parte del pro-

getto PNRR M1C3-3 finalizzato all’elimi-

nazione delle barriere fisiche e cogniti-

ve nei musei e nei luoghi culturali pubblici. 

Nella prima fase, l’indagine curatoriale sui ma-

nufatti e la ricerca documentale affiancano il 

rilievo digitale attraverso la fotogrammetria 

e la tecnologia Structure-from-Motion (SfM).  

La fase interpretativa prevede la modellazione 

e la texturizzazione 3D delle opere attraverso 

la creazione di modelli high-poly e low-poly, la 

realizzazione di digital twins utilizzabili nel pro-

getto di conservazione e restauro, e la produzio-

ne di repliche fisiche per l’ampliamento dell’e-

sperienza museale in un’ottica di Design for All. 

La terza fase di presentazione, comunicazione, 

condivisione e interazione con il pubblico prevede 

la creazione, attraverso processi di fabbricazione 

digitale, di modelli fisici in scala reale o 1:2, a 

seconda delle dimensioni effettive dell’oggetto 

e degli obiettivi di manipolabilità dello stesso.  

I modelli, stampati in acido polilattico (PLA) dai 

Laboratori Dipartimentali del Politecnico di Torino, 

assumono un significato prototipale e sono realiz-

zati per la fruizione tattile da parte di ipo e non 

vedenti e, in generale, per una comunicazione in-

clusiva per diverse fasce di età e utenti. Tali ogget-

ti possono, in particolare, essere utilizzati con fun-

zione educativa per le fasce d’età più giovani. Allo 

stesso tempo, i modelli digitali ottimizzati possono 

costituire la base per la stampa 3D con materiali 

in grado di ripristinare le caratteristiche dei mate-

riali originali, realizzata da aziende specializzate.

rilievo digitale

modellazione 3D

digital fabrication

inclusività museale

Museo di Arte Orientale di Torino (MAO)

The activities presented are part of the project 

PNRR M1C3-3 aimed at removing physical and 

cognitive barriers in museums and public cultural 

places.

In the first phase, curatorial investigation of the 

artefacts and documentary research flank digital 

survey through photogrammetry and structure-

from-motion (SfM) technology. 

The interpretive phase includes 3D modelling and 

texturing of the artworks through the creation 

of high-poly and low-poly models, the result of 

digital twins that can be used in the conservation 

and restoration project, and the production of 

physical replicas for the expansion of the museum 

experience from a Design for All perspective.

The third phase of presentation, communication, 

sharing, and interaction with the public involves 

the creation, through digital fabrication 

processes, of physical models in full or 1:2 scale, 

depending on the actual size of the object about 

the object’s manipulability aims. 

The models, printed in polylactic acid (PLA) 

by the Departmental Labs at the Politecnico di 

Torino, take on a prototype meaning and are 

made for tactile enjoyment for the hypo- and 

visually-impaired and, in general, for inclusive 

communication for different age groups and 

users. Such objects may, in particular, be used 

with an educational function for younger age 

groups. At the same time, the optimised digital 

models may form the basis for 3D printing with 

materials able to restore the characteristics of 

the original materials, made by specialised firms. 

Digital Survey

3D modelling

Digital Fabrication

Museum Inclusion

Asian Art Museum in Turin (MAO)
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Research framework (RS)

The activities presented below are part of the project re-
cently funded by the European Union as part of the National 
Recovery and Resilience Plan (PNRR M1C3-3) and aimed at re-
moving physical and cognitive barriers in museums and public 
cultural places not belonging to the Ministry of Culture. The 
project takes place within the framework of the scientific col-
laboration agreement between the Politecnico di Torino and 
the Fondazione Torino Musei. It involves, in particular, the De-
partment of Architecture and Design, the MODLabArch and 
MODLabDesign Research and Teaching Laboratories at the Po-
litecnico di Torino under the supervision of MAO’s team.

Following the PNRR’s goal of reducing obstacles, inequali-
ties, and gaps that limit citizens’ participation in cultural life 
and heritage, the project intends to enhance accessibility to 
knowledge through the continuum between real and virtual, 
or in other terms, physical and digital.

While a multidisciplinary team has been formed for the 
implementation of the overall project, to which the knowled-
ge of multisensory museum communication, tactile in particu-
lar, digital art, and multimedia, also contribute, the segment 
of work presented below combines curatorial knowledge with 
that of heritage representation [Ronco 2022; Spallone et al. 
2022, 2023]. 

The intervention concerns the analysis, interpretation, 
and inclusive communication of museum heritage [Principles 
of Sevilla 2017; The London Charter 2009] through a selection 
of works emblematic of the different geo-cultural areas that 
are featured in the museum’s permanent galleries. 

Inclusion: Exclusion (DQ)

Inaugurated in 2008 in the historic venue of Palazzo Mazzo-
nis, MAO Museo d’Arte Orientale in Turin holds one of the most 
prestigious collections of Asian art in Italy. The collections bo-
ast almost 2300 works ranging from the Neolithic to today. 
The permanent galleries are currently divided according to a 
traditional geo-cultural framework into five galleries devoted 
broadly to South and Southeast Asia, to China, to the Hima-

Copertina
Pipeline showing the 
continuum between 
real and virtual 
[editing: F. Ronco].

Fig. 01
A tactile visit to the 
South Asian gallery 
at MAO [Photo: M. 
Landi]. 
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layan Region, to Japan and Western and Central Asia.
Anchored in today’s progressive museology and keenly 

aware of the importance of museum when it comes to the 
impact on social inclusion (or exclusion), MAO does not seek 
to be a place where “things” are preserved and presented to 
the public in a traditional univocal way. Serving as an experi-
mental platform where objects are activated differently, their 
stories decolonized and reoriented through exhibitions, per-
formances, participatory and inclusive cultural programming, 
MAO aims to base all its activities on the equality of all par-
ties, fostering inclusion and universal accessibility. Seeing it-
self as a place for social interaction, dialogue and encounter, 
MAO proposes an innovative approach to curatorial practice, 
exhibition production, cultural programming and community 
engagement, always carried out with respect of environmen-
tal sustainability. 

Conscious of the necessity to improve inclusion, MAO has 
recently embarked on a project of universal accessibility, that 
will entail dismantling some of the obvious physical barriers 
preventing our publics from enjoying their experience but, 
more importantly, it will center on rethinking the way the 
objects in a museum are presented and perceived, the tales 
they may tell and the different responses they may trigger, 
thanks to a new WPA that will create experiences related to 
the senses starting with touch. 

Rethinking education in terms of accessibility (ML)

Museums nowadays need to change their perspective, 
when it comes to facilitate an exchange with the public. Mu-
seum educative program in particular should aim to foster an 
equal exchange between the parties and should seek to deve-
lop sensitivity, dexterity and creativity through practical acti-
vities [Serra et al. 2017]. New technologies challenge us to 
think outside traditional forms of education and dissemination 
and explore new modalities, new dynamics and tools while 
retaining the same objective: education should foster an en-
richment of knowledge. In the museum, this enrichment is 
conveyed via a hands-on approach, closer to the objects and 
their contexts of origin.

Fig. 02
Survey drawing of 
Palazzo Mazzonis, 1 
luglio 1945 [Source: 
Archivio Storico del 
Comune di Torino, 
Tipi e dis., cart. 63, 
fasc. 9, dis.1, tav III.]

Fig. 03
Spaces and visit 
paths at MAO: grand 
staircase, main hall, 
and atrium [photo: F. 
Ronco].
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Fig. 04
Exhibition spaces 
at MAO, the Japan 
gallery [photo: F. 
Ronco].

Fig. 05
Axonometric section 
view of the point 
cloud resulting from 
the TLS survey of 
the “ceremonial 
system” of the 
Palace [processing: F. 
Natta].

The MAO project follows this type of approach to facilitate 
the accessibility to material heritage, through a platform sui-
table for the public with cognitive or linguistic difficulties. 
This new way of understanding our collections will also bene-
fit other types of public, providing universal accessibility. The 
project will involve the creation of digital, tactile and multi-
lingual content catering to the specific needs of people with 
sensory disabilities, while finally allowing even those without 
specific needs to enjoy the museum’s collections in a more 
complex and satisfying way (Fig. 1). The project thus aims to 
create a multi-sensory, inclusive, interactive, and accessible 
exhibition experience, engaging a wider and more varied au-
dience. By breaking down physical and sensory barriers, the 
new initiative will ensure an effective co-creation of knowle-
dge based on cultural heritage, employing an inclusive design, 
meant for all.

“Touch me” (LV)

While the Doors certainly intended an experience more 
sensually captivating with their song (Jim Morrison and The 
Doors released “Touch Me” as a single in 1968), the deep-roo-
ted need for touching -in our case objects- is a universal hu-
man prerogative that was one of the main reasons behind ear-
ly art collecting. 

Incipient museums in the 17th and 18th centuries shared 
this yearning to touch [Classen 2017]. By democratizing the 
physical access to objects and their information, these na-
scent institutions provided a once-intimate sensorial expe-
rience to a new public audience. 

Even with such promising beginnings, museums turned into 
intangible spaces. The impossibility to control the flow of vi-
sitors (and their hands!), better display cases allowing for the 
objects to be seen without handling and the increasing task of 
preserving objects for posterity made the visual experience a 
priority over tactility. The paradigm of sight in nineteen-
th-century cultural and art-historical discourse relegated tou-
ch to a less sophisticated past, unfit in the creation of know-
ledge [Candlin 2008]. 

Today, museums are to provide universal access and find 
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new ways to question the objects they preserve and their re-
lationship with the diverse audiences they invite. Touch can 
be a great way to nurture a greater diversity of human per-
ception in an increasingly visual world and by doing so, inclu-
ding audiences that were previously excluded. But how do we 
reconcile the paradigm of intangibility with the need to explo-
re new sensorial avenues, while improving levels of equality, 
diversity and inclusion? Digital technologies can provide un-
tapped opportunities, offering a more inclusive and universal-
ly engaging experience. The project at MAO seeks to explore 
them. 

The Museum and Palazzo Mazzonis (MV)

In line with the most recent guidelines also dictated by the 
Piano triennale per la Digitalizzazione dei Musei [Direzione 
Generale Musei 2019], which stresses the need for an organic, 
reliable and shared reference framework for adopting digital 
tools and processes that contribute to the objectives of pro-
tection and enhancement of cultural heritage in the short and 
medium term, a simplified digital model of the historic mu-
seum complex is being implemented as part of this project, 
linking the architectural features of the building to the mu-
seum layouts contained therein. The drafting of such a model, 
preceded by a meticulous check of existing surveys (Fig. 2), 
floor plans and models, aims to record the geometric cha-
racteristics of the rooms including elevation changes, vertical 
distribution systems (Fig. 3), to the layout systems (display 
cases, showcases, projection screens, etc.) (Fig. 4).

The goal is to build a digital archive capable of collecting 
the different information and making it available to a techni-
cal audience oriented to the management of exhibition spaces 
with a view to enhancing the value of the artifacts, pursued 
through a design aimed at the removal of architectural bar-
riers (through the drafting of the P.E.B.A., Plans for the Elimi-
nation of Architectural Barriers) and the control of flows, as 
well as the implementation of existing installations to ensure 
inclusive fruition, as highlighted by the actions described in 
the following paragraphs.

Fig. 06
Axonometric section 
view of the textured 
mesh resulting from 
the photogrammetric 
survey of the Hall. 
[processing: F. 
Natta].
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Surveying and Modelling the Building (FN)

The survey project for the museum’s ceremonial entrance 
system involved the integration of data from a laser scanner 
survey (TLS) and a digital photogrammetric survey. The point 
clouds will constitute an implementable database, essential 
for any conservation and enhancement of the building.

The TLS survey was carried out as part of the international 
project “Nuevas tecnologías para el análisis y conservación 
del patrimonio arquitectónico”, coordinated by C. López and 
R. Spallone [Spallone et al. 2021]. 

The survey operations were carried out with a Faro Laser 
Scanner Focus3D X130 with a systematic distance error of ± 2 
mm in 25 meters and an integrated color camera with up to 
70-megapixel resolution. The 24 scan positions realised were 
processed within the Autodesk Recap Pro software, with an 
average error of 2.2 mm and average overlap of 36.4% (fig. 5).

The photogrammetric survey was carried out by the rese-
arch group coordinated by R. Spallone and M. Vitali. For the 
survey operations were used a Sony Alpha 7R IV camera, a 
61-megapixel full-frame 35 mm sensor, FE 3.5-5.6/28-70 mm 
lens, and a telescopic pole to support the elevated shots. 

For the main hall, 500 shots were taken (maximum GSD of 
0.09 cm/px) and processed within the Agisoft Metashape 
software to obtain, in addition to the point cloud, a high-re-
solution textured mesh (fig. 6) useful for the integration of 
TLS survey data and photogrammetric data [Molina et al. 
2021].

Signage and Graphics for Accessibility (GB)

In recent decades a profound transformation has taken 
place involving cultural venues and museums in a progressive 
opening up and attention towards users and different types of 
public. As advocated by the MiBACT Communication Guideli-
nes, the objective of those working in these contexts must be 
to design with a view to ‘Inclusive Design’ and ‘Design for all’ 
[Milan et al. 2015]. The work for MAO will include the prelimi-
nary and final design of a structured and coordinated graphic 
project that will allow the visitor to be placed at the center 

Fig. 07
The selected and 
surveyed artworks: 
a) Group of four 
actors (China, Tang); 
b) Horse and rider 
(Islam); c) Jug with 
pourer in the shape 
of the head of 
volatile; d) Stupa 
Pad-spung mchod-
rten (Himalaya); 
e) Wooden cover 
(Himalaya); f) 
Dancing Lady 
(China, Tang); g) 
Woman mannequin 
(China, Han); h) 
Samudramanthana 
(South Asia); 
Ni-tennō (Japan) 
[editing: F. Ronco].
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of the communicative project with a view to physical and cul-
tural accessibility [Monza 2020]. Graphic and visual design 
will therefore play a specific role in the two- and three-di-
mensional space, extending from the printed material to the 
architectural volume through signage elements. 

Two examples of best practice are the Museo Facile, a 
project that aims to promote and implement cultural access 
to museums thanks to an integrated, dynamic and comprehen-
sible communication system for diversified audiences, with 
particular attention to people with disabilities [Bruno 2019], 
and the Brand Identity project curated by the London-based 
Pentagram studio for the Natural History Museum in London, 
that promotes an innovative identity capable of activating the 
involvement of different types of users, from research to en-
tertainment, from education to activism towards the planet 
[Pentagram 2023].

Technologies, Materials, and Procedures for Digital 
Replicas of Small Objects (EP)

In a museum accessibility approach, the digital fabrication 
of physical replicas requires a widespread workflow suitable 
for appropriate modifications in accordance with interrelated 
factors [Scopigno et al. 2017]. Regardless of digital fabrica-
tion technologies, after the data capture follow a technical 
phase of fine-tuning the geometries using appropriate 3D mo-
delling, geometric and/or sculptural software.

The digital fabrication is influenced by the geometry of the 
acquired object: subtractive processing requiring a planar 
base side of the starting solid block may be preferred regar-
ding inaccessible full round objects such as bas-reliefs, while 
in other cases, additive fabrication techniques are more advi-
sable, such as for sculptures and statues. Either way, evalua-
tions need to be carried out regarding the materials to use, 
depending on the purpose of the model and in relation to the 
original object workmanship. This choice has necessarily im-
plications for the adopted fabrication technology, already 
constrained to the geometry of the digital model.

The use of PLA for the reproduction of small museum 
objects derives from its intrinsic characteristics (easily prin-

Fig. 08
The selected 
artworks: table with 
original and tactile 
replica features 
[editing: F. Ronco].
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table, low cost, recyclable, low emission of VOCs during the 
printing process) making it widely applicable, as well as from 
the possibility of loading the material with organic or inorga-
nic fibres, originating compounds obtained by the addition of 
wood, hemp, cork, iron, copper, brass, marble, cement, etc.

Photogrammetry, 3D Modelling, and Digital Fabrication 
of the Artworks (FR)

The modelling and communication project concerns ten 
artworks (Fig. 7), selected according to their geographical ori-
gin (two from each area of the permanent collection). This 
was evaluated according to the following parameters: maneu-
verability and inspectability; illuminability; roughness; per-
ceptibility of details; opacity; and chromatic richness (Fig. 8).

The photogrammetric survey and structure from motion 
(SfM) technique guarantees a very accurate digital facsimile 
useful to realise AR and VR experiences and tactile replicas.

The cameras used were a Canon digital camera model EOS 
6D with a Canon EF 50mm lens and a Sony full- frame Alpha 7R 
IV 35mm 61MP, with a macro lens in the case of works with 
fine details.

The photos were processed through Agisoft Metashape® 
(Fig. 9), then the textured mesh model was exported in .obj 
for the implementation in Blender® environment. Mesh clea-
ning to remove vertices and faces not belonging to the statues 
(traces of the surroundings) is useful for precisely defining the 
geometry of the statue. The Decimate modifier is used to fur-
ther decrease the file weight.

The model is then used for FDM 3D printing in PLA. For 
each sculpture, depending on the size, the scale to be used 
for tactile exploration to be effective has been determined 
(Fig. 10).

Among the selected works, we report the model made for 
the Dancing Lady. The replica has been realized at 1:1 scale 
(Fig. 11), following principles to allow the reader/user an 
easy “vision” of the whole figure based on the simultaneous 
use of two hands [Levi, Rolli 1994, pp. 31-52].

The replica has been realised in four parts, because of the 
dimensional constraints of the printer (Ultimaker S5), assem-

Fig. 09
Examples of 
evaluation tables 
[editing: F. Ronco]



611



612

bled with male-female joints. The portions, obtained with the 
software Meshmixer, are then imported into Rhinoceros® for 
the modelling of the joints. The sequent slicing operations for 
3D printing have been made with Cura software®, 

The realisation took 9 days and 41 minutes, using 2kg and 
480 gr of white pearl PLA.

Conclusions

As seen the present project fine-tunes a pipeline that in-
cludes the phases of analysis, interpretation, and presenta-
tion of the assets. The continuum between real and virtual, 
between physical and digital, today realised may form the 
basis of a workflow that different operators could implement 
and a wide range of publics could use in a formula that could 
be ultimately scaled up in other museum realities.
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