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ABSTRACT: The contribution concerns part of the research and valorisation
activities carried out by the authors at Palazzo Spada in Rome, a place where sci-
entific culture and artistic wisdom converged between the 16th and 17th centuries.
The research activities included survey campaigns, the analysis of historical docu-
mentation and the interpretation of the data obtained. The results of the different
actions feed both the digital transformation process of the cultural heritage and its
cultural accessibility. The transformation and optimisation of the survey data for
computer graphics applications enabled the production of four videos for the exhi-
bition ‘The City of the Sun. Baroque Art and Scientific Thought in the Rome of
Urban VII' (curated by Filippo Camerota in collaboration with Marcello Fagiolo,
Palazzo Barberini, Rome, 16/11/2023-11/2/2024), with the aim of presenting to the
general public the theories and processes that made possible the creation of the gno-
monic catoctric astrolabe (1644) by Emmanuel Maignan and the accelerated solid
perspective (1652-1653) by Francesco Borromini and Giovanni Maria Bitonto.

1. INTRODUCTION

The subject of this essay is the result of part of
the valorisation of Palazzo Spada in Rome, an
example of the combination between scientific
culture and artistic and architectural expertise
testified to by its pictorial, architectural and
sculptural episodes.

The working group, under the scientific
guidance of Prof. Laura Farroni, has for several
years been carrying out surveys and analysing
historical documents to interpret the data
collected, using a variety of research methods
and digital technologies (Fig. 1).

The results of the actions carried out promote
both the process of digital transformation of

cultural heritage and its cultural accessibility,
thus contributing to the dissemination of the
culture of historical and artistic heritage. The
production of some digital outputs displayed at
the exhibition ‘The City of the Sun. Baroque Art
and Scientific Thought in the Rome of Urban
VIII'" - curated by Filippo Camerota in
collaboration with Marcello Fagiolo, held at
Palazzo Barberini in Rome, from 16 November
2023 to 11 February 2024 - is part of the
enhancement process that demonstrates how it
is possible to reproduce the culture of a physical
place in another context, using theoretical-
scientific connections. The aim of each product
is to reveal the theories and processes [1] that
made possible the realisation of Emmanuel

Figure 1: Surveys of Palazzo Spada. A general view of the palace (left), the gallery of the catoptric astrolabe

(centre), the accelerated solid perspective (right).
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Maignan's gnomonic catoptric astrolabe of
1644 - whose sun dial is painted on the vault of
one of the galleries on the piano nobile - and of
Francesco Borromini and Giovanni Maria
Bitonto's accelerated solid perspective of 1652-
1653. Both artworks are the result of Cardinal
Bernardino Spada's project to enlarge and
embellish his palace in Rome.

2. SCIENTIFIC RESEARCH AND
ASSUMPTIONS FOR KNOWLEDGE
NARRATIVES

Palazzo Spada in Rome is an example of an
aristocratic palace that testifies both to the
antiquarian taste of the 16th century and to the
affirmation of the relationship between art and
science in the 17th century. The importance of
the building is well illustrated by the numerous
historical studies that have been carried out on
it, which have examined numerous aspects of it,
mainly based on documentary and iconographic
analyses [2-5]. The activities carried out by the
authors contribute to the implementation of the
principles of the Faro Convention on Cultural
Heritage [6], for the recognition of the tangible
and intangible value of heritage, thanks to the
recognition of the value and identity that
societies have attributed to it over time and
which they seek to unveil through scientific
research. They therefore consider it appropriate
to develop actions aimed at participation and
access to cultural heritage for all types of
audiences [7]. For this reason, diversified
initiatives have been launched on the Palace
over time, aimed at different audiences: the
students of the Department of Architecture have
been involved in learning paths on life drawing,
while some have developed graduation thesis
paths on cultural accessibility and on virtual
reconstructions of perspective illusions, and
then presented their work to a general public
through guided tours organised since 2018 as

Cultural
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part of the Science Week.

Researchers' Night [8].

The scientific research enabled a framework of

knowledge useful for planning actions for the

enhancement of the building, focusing attention
on the most evocative artistic episodes and
revealing the relationship between the
knowledge that enabled their conception and
subsequent construction. In particular, the
connections between the scientific principles
used in the design of the reflection sundial and
those of the accelerated solid perspective have
been studied, as well as the construction
techniques wused, and the perceptual and
geometric aspects considered at the time of their
realisation. These included, for example, the
alignments between significant elements and
the ordering axes of the interventions, theories
of geometric projections such as perspective
and gnomonics [9-12]. The research has led to
the acquisition of large amounts of data in
various surveys, implemented by the
information found in archival documents,
which, once processed, have allowed for certain
verifications and virtual reconstructions, with
the implementation of critical interpretative
models that share internationally recognised
recommendations for physical-digital

transformation and scientific visualisation [13-

14].

The elaboration of the knowledge framework

was designed according to a digitisation process

developed in four phases (Fig. 2):

1. The capture of 2D and 3D raw data using
appropriate methods and tools depending on
the object/phenomenon to be detected,;

2. Data processing through computing and
optimising the acquired raw data to produce
1D (text), 2D (raster) and 3D (point cloud,
mesh) data;

3. The analysis and interpretative synthesis of
the data, conducted through the intersection
of the processed data and information
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Figure 2: A diagram of the digital transformation process adopted in the research.
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regarding the historical and cultural context
of the artwork, to produce new critical 1D
(text), 2D (raster and vector) and 3D (point
cloud, mesh, NURBS) models;

4. The production of digital outputs using
different media languages (text, images,
video, 3D models, eXtended Reality
experiences) and devices appropriately
chosen according to the objective and the
end user to whom the outputs are addressed.

In the object of this study, the results of the
research were translated into video outputs,
aimed at a wide audience interested in the
specific theme of the relationship between art
and science on which the exhibition ‘The City
of the Sun. Baroque Art and Scientific Thought
in the Rome of Urban VII' was built. In
particular, the four videos structured a path of
knowledge on Palazzo Spada articulated from
the general to the particular and deal with,
respectively:

A. “Art and Science at Palazzo Spada.
Geometric  Projection and Perspective
lusions”, is dedicated to the presentation of
the most important artistic and architectural
interventions commissioned by Cardinal

Bernardino  Spada. The axes of
development, the geometric and
architectural  connections and  spatial

configurations of the rooms through internal
and external paths are highlighted:;

B. “Emmanuel Maignan’s Gnomonic Catoptric
Astrolabe at Palazzo Spada”, illustrating the
constituent elements and geometric genesis
of the gnomonic catoptric astrolabe designed
by Emmanuel Maignan in 1644 and how it
works;

C. “Artand Science for the Time Measurement.
The Gnomonic Catoptric Astrolabe at
Palazzo Spada”, to show, in detail, the
elements of the astrolabe painted on the
vault, revealing the compositional choices,
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Arte barocca e pensiero scientifico
nella Roma di Urbano VI

mmmmm

Figure 3: A collection of picture from the exhibition.
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the symbolic significance of the figurative
elements and the scientific meaning of the
line tracings, thus enhancing their artistic
value;

D. “The Accelerated Solid Perspective at
Palazzo Spada”, which is dedicated to the
small architectural sculptural artefact
designed by Francesco Borromini and
Giovanni Maria da Bitonto in 1652-1653.
On this occasion, its true form is shown with

the elements that compose it, the
proportional rules that determine its
conformation and the principles that

generate the illusionistic effect in the
observer.

3. COMMUNICATION DESIGN AND
IMPLEMENTATION

The communication through the videos was the
result of the design of a narrative path that in the
first instance considered the context in which
they would be projected in the exhibition as
defined by the curators of the exhibition and the
technical specifications to be respected
(technological devices through which the
narration would be conveyed). In particular, the
request for the absence of audio content and the
co-presence of several video installations in
some rooms led the author to the use of short
texts in Italian and English within the videos to
provide historical information about the
artworks treated and the protagonists involved
in their construction. The space dedicated to the
projection conditioned the wall display on LED
monitors of the three videos A, B and D (see
above) and the ceiling projection of video C. In
the latter case, viewing the video with an
upward gaze suggested the choice of a bottom-
up framing for all the animations, thus
simulating the vision one has of the astrolabe
when visiting Palazzo Spada (Fig. 3).




The entire design and realisation process was
divided into four phases: a) drafting of a textual
script; b) composition of a written-graphic
storyboard; c) extraction and optimisation of
data; d) elaborate production and editing. The
first phases (a, b) correspond to the design of the
videos and were developed simultaneously to
ensure the coherence of the narrative path and
the consistency of certain methodological
choices regarding the structure of the
communication and the presentation criteria.
The following phases (c, d) correspond instead
to the moment of data processing and the
production of the necessary elaborations to
produce the videos. In this way, each video was
processed in turn to optimise processing times
and ensure internal consistency between the
different products. The consistency and
objectives of the various process steps are
described in the following sections.

3.1 SCRIPT

The textual script summarises the content to be
conveyed in a narrative manner, selecting
information and using direct language, avoiding
the use of technical terms wherever possible or
selecting the most commonly used terms from
those available. For the videos in question, the
length of the final scripts is between 1500 and
2500 characters. At this stage, a common
structure was decided for all the videos (A, B,
D) to be displayed on the walls. These videos
always begin with the context in which the
artwork was created, with the essential
historical information and the people involved
in its creation, accompanied by short texts
outlining their respective roles and cultural
contexts. This initial introduction is followed by
the location of the work in Palazzo Spada and
its analysis. This structure has been chosen in
order to capture the attention of the visitor with
the most narrative information and then to
introduce the scientific and geometrical content.

3.2 STORYBOARD

The storyboard translates the script into visual
terms by identifying essential keyframes that
relate to the content to be presented and the
transitions between one content and another
[15]. The design is based on a grid that takes
into account the required aspect ratio (16:9) and
allows the design of the framing, the camera
movements (summarised by the opening and
closing frames and a selection of significant
frames), the duration of animations and blocks,
and the type and duration of transitions between
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blocks (Figs. 4-5). At this stage, a number of
graphic decisions are made that are common to
all videos: the characters involved are presented
through their portraits; the localisation of the
intervention inside the building is done through
an animation that shows the position of the
work from above and then descends inside the
spaces, accompanying the viewer; the analysis
of the work is done through hybrid models, in
which the point cloud represents the real
consistency of the works and the 2D/3D critical-
interpretive models illustrate the scientific-
geometric contents; the videos alternate
between dynamic animations, which show the
consistency of the sites in a more engaging way,
and static images, on which the animated
geometric constructions are superimposed,
allowing time to read them without the potential
visual disturbances associated with camera
movement; the videos show both realistic views
(static perspectives and dynamic paths), which

IN: fade in

The section plane rotates with the
camera to intersect the cross axis,
still image with redrawn section

=rodr

OUT: fade out

Figure 4: An example from the storyboard and a se-
lection of the corresponding frames from the video.

IN: fade in
Walk through from the Astrolabe
gallery to the hall of Pompeo

< 4w d

OUT: fade out

Figure 5: An example from the storyboard and a se-
lection of the corresponding frames from the video.

simulate the presence of the visitor on site, and
abstract views (building sections and
axonometries), which place the interventions in
the building, reveal their imperceptible



geometric relationships and describe their
geometric properties.

3.3 DATA EXTRACTION AND
OPTIMISATION

The extraction and optimisation of two-
dimensional data (images and vectorial
drawings) and three-dimensional data (point
clouds and geometric models) involves
selecting, from the data produced by the
scientific research, the materials to be used to
realise what has been prefigured in the

(1652:53)

storyboard, according to the final output
envisaged. At this stage, the operations to be
carried out depend on the type of data being
considered. For two-dimensional work, it is
necessary to check file formats, size and
resolution, as well as the presence of overly
technical or specialised content. Three-
dimensional work, in addition to the process
just described, requires further checks
depending on the type of model: the density and
total weight of the point clouds must be
controlled and adjusted through sampling

Frame the
QR code
to look
the video
R 2 @O TEA ondline

Figure 6: Frames from the video “Art and Science at Palazzo Spada. Geometric Projection and Perspective lllusions”.



operations and the removal of undesirable
elements; the type of surfaces (mesh or
NURBS) of the geometric models must be
evaluated in terms of interoperability and total
weight, with the necessary conversions and
possible topological simplifications. The aim of
this phase is to prepare materials for the
transition  from  software  environments

dedicated to highly specialised technical-
scientific applications to software environments
designed for computer graphics or general
graphics applications.

Lastrolabio catottrico gnomonico
di Emmanuel Maignan a Palazzo Spada

Emmanuel Maignan's gnomonic catoptric
astrolabe at Palazzo Spada

olare.
allo specchio.
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3.4 DATA PRODUCTION AND EDITING

The production of materials for the assembly
and final editing of the videos (Figs 6-9)
involves the production of all the materials that
will make up the videos using specialist
computer graphics software, which allows
greater control over aspects such as lighting and
framing. At this stage, all footage is produced in
formats, sizes, resolutions and weights
compatible with video editing environments.
This step results in a reduction in the number of
spatial dimensions of the data, as even 3D data

ie al fenomen
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is ultimately converted into two-dimensional
(static or dynamic) images. This phase is carried
out by refining the storyboards for both the
export of images and animations (shots, camera
movements) and editing (transitions). This
phase includes the creation of motion graphics
elements to animate the  geometric
constructions, as well as all the retouching and
video editing, such as: colour correction,
brightness and contrast adjustment, and the
introduction of vignetting and depth of field to
improve the visual quality and accentuate the

Arte e scienza per la misura del tempo
Lastrolabio cat di Palazzo Spada

Art t

sense of depth of the images, concentrating
visual attention in the centre of the frame. The
duration of the videos is between 3 and 4
minutes, including opening and closing titles.

4. CONCLUSION

The design and production of digital products
described above illustrates how scientific
research can be used to develop content suitable
for non-expert audiences. Several fundamental
aspects are thus highlighted: scientific research
must be carried out with rigour and method in

4. the video
18R on-line
Figure 8: Frames from the video “Art and Science for the Time Measurement. The Gnomonic Catoptric Astrolabe
at Palazzo Spada”.




order to guarantee the accuracy of the content,
which is then disseminated in different
contexts; digital technologies must be used
according to need, with clear and transparent
objectives, highlighting where the data is the
result of interpretation or a primary source;
digital technologies open up unexplored areas
for cultural exhibitions, allowing, as in this
case, the transposition of magnificent works of
art to other sites, where they can be integrated
because they are linked by the thematic
framework of the exhibition.

La prospettiva solida accelerata
di Palazzo Spada
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The  experimentation of the digital
transformation process of the research results in
the context of the Palazzo Spada activities,
aimed at dissemination initiatives, made it
possible to test the flexibility of the possible
solutions - static images, animations, 3D
printing - and also to assess the appreciation
through the constant presence of the public in
the initiative.

Future developments planned by the authors
include experimentation with experiences
related to eXtended Reality (XR), with a focus
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on Augmented Reality (AR) for its ability to
create hybrid communication and learning
environments that enrich spaces with
information without breaking the perceptual
link with the material reality of the asset being
enhanced. At the same time, tactile experiments
for the blind are also open, through the
optimisation of data on inaccessible sculptural
apparatus in the building. In conclusion, the
research world must also take advantage of the
possibilities  offered by  technological
innovation to promote knowledge and
disseminate results in order to contribute to the
creation of identity awareness.
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