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Abstract
This paper presents the work carried out by the Centro di Sonologia Computazionale 
(CSC) of the University of Padua, regarding the reactivation and preservation of time-
based media artworks, including computer music, live electronics, performances, and mul-
timedia art installations. During the last few years, the CSC has been developing a specific 
approach for archiving, documenting, and reactivating time-based media artworks, which 
led to the definition of the Multilevel Dynamic Preservation (MDP) model. Through in-
depth analysis, various approaches are examined in the reactivation of several case stud-
ies, including digitisation, restoration, migration, and virtualisation of the artworks. The 
selected case studies involve various forms of art expression, such as video art, computer 
music, expanded cinema, and interactive performance. This contribution offers a compre-
hensive overview of the challenges encountered in the process of reactivating and preserv-
ing multimedia art, investigating the possible solutions offered by new technologies in 
preserving, digitising and virtualizing some of its forms, such as multimedia installations, 
expanded cinema, and video art performances.

Keywords  Time-based media · Interactive art installations · Preservation · Digitization · 
Virtual reality

1  Introduction

Since the 1950s, the University of Padua has become one of the most important pro-
duction and research centres in the field of computer music, thanks to the contribution 
of several researchers such as Teresa Rampazzi, Giovanni Battista Debiasi, Giovanni 
De Poli, Graziano Tisato and Alvise Vidolin. These activities were formalised in 1979 
with the foundation of the Centro di Sonologia Computazionale (CSC), which brought 
together engineers and composers, such as Salvatore Sciarrino, James Dashow, 
Michele Sambin, Marco Stroppa, and Carlo De Pirro, who worked together to create 
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new artworks. Over the years, such collaborations led to the creation of the histori-
cal archive of CSC. This archive includes scientific, artistic and historical artefacts, 
items, audiovisuals, and related documentation of artistic and cultural value, and it is 
part of the Museum Centre (CAM, https://​www.​musei.​unipd.​it/​en) of the University 
of Padua.

The interest in preservation at CSC began with the research carried out to define a 
methodology for restoring, digitising, and preserving its cultural heritage, in particular 
its audio documents—mainly open-reel tapes—recorded by numerous composers and 
musicians [1]. Given the fragility of the original carriers and the susceptibility of audio 
materials to degradation over time, developing an approach based on scientific prin-
ciples has been necessary to ensure their long-term preservation. Nevertheless, within 
the field of computer and tape music, audio documents are more than simple contain-
ers of the artwork, since they were fundamental parts of live electronics performances, 
together with other specific hardware and software. After the digitization and restora-
tion of the audio documents belonging to the historical archive of the CSC, the method-
ology has been improved over time and applied to numerous digitization and restoration 
projects of funds belonging to many international institutions and archives [2]. Among 
them, the Luciano Berio’s archive of Paul Sacher Stiftung (tape music, electronic 
music), the Luigi Nono Archive in Venice (tape music, electronic music), the Historical 
Archive of the Teatro Regio of Parma (encompassing opera, Western classical music, 
pop/rock), the Tullia Magrini Archive (ethnomusic), the Historical Archive of the Mag-
gio Musicale Fiorentino (Opera, Western classical music), and the Fondazione Giorgio 
Cini in Venice (speech, oral sources).

However, in preserving complex live electronic/computer music, the adopted strate-
gies require interventions that go far beyond the mere digitization and restoration of 
multimedia carriers. In fact, many music works have been created at the CSC using 
ad-hoc technological systems, both hardware and software, specifically developed for 
real-time audio synthesis and processing, such as the 4i external processor, used in com-
bination with the PDP11/34 in Prometeo, Tragedia dell’ascolto by Luigi Nono (1984). 
Hardware and software components need specific preservation interventions to address 
the challenges associated with the obsolescence of these complex systems.

From a preservation point of view, live electronics and computer music share simi-
lar issues with other forms of time-based media art. In addition to composers and live 
electronics performers, during its 70 years of activity [3], the CSC had also numerous 
collaborations with several media artists and the preservation of their works introduced 
additional layers of complexity. First of all, time-based media artworks are closely 
tied to the space and time of their creation, as well as to the physical presence of the 
original performer, who is also often the author. Furthermore, besides being ephemeral 
due to their process-based nature, time-based media artworks employ diverse materi-
als, tools, and practices, while also often combining different multimedia elements, like 
analog and digital images and sounds. Through the integration of emerging technolo-
gies, audiovisuals, and traditional art forms, artists created numerous artworks ranging 
from interactive installations to performances, from live electronics to video art and 
expanded cinema [4].

The research at the CSC has been focusing on the challenge of preserving complex 
media artworks, with the aim of developing an innovative model for documenting and 
preserving this cultural heritage, investigating various reactivation approaches. This led to 
the definition of the Multilevel Dynamic Preservation (MDP) model and the Reactivation 
Workplan, which have been applied to numerous case studies of reactivations.

https://www.musei.unipd.it/en


Multimedia Tools and Applications	

The purpose of this article is to present the preservation and reactivation work carried 
out on various case studies of time-based media art, emphasizing how the proposed model 
can be applied to a diverse and varied range of artwork and preservation strategies.

This contribution is structured as follows: Section 2 presents an overview of the main 
preservation strategies for time-based media art proposed in the past thirty years, Section 3 
describes the MDP model and the Reactivation Workplan within the conceptual frame-
work of reactivation and dynamic preservation, Section  4 investigates different reactiva-
tion approaches describing several case studies of preservation interventions carried out at 
CSC.

2 � Background

Dealing with time-based media art requires a radical redefinition of preservation prac-
tices. Around these matters, an interdisciplinary research field has been growing for the 
past thirty years. The need to preserve time-based media art [5] arose in the late 1980s 
as a natural consequence of both the institutionalisation of these new forms of artistic 
creations and the increase of art events (often promoted by and in collaboration with the 
growing high-tech sector) and private and museum collections [6]. The same organisations 
responsible for institutionalising time-based media art—mostly museums—promoted the 
first projects focused on developing new preservation strategies in the late 1990s. Among 
the most important ones are Guggenheim’s Variable Media Initiative (1999–2004), Tate’s 
and MoMa’s Matters in Media Art (2003–2015), V2_’s Capturing Unstable Media (2003), 
Netherland Institute for Cultural Heritage (RCA)’s Inside Installations (2004–2007), Dan-
iel Langlois Fundations for Art’s Documentation and Conservation of Media Art Herit-
age Research Alliance (2004–2010). To date, new projects are emerging around the world, 
contributing to refining and expanding the preservation strategies through new case stud-
ies, archives and original methodologies. The LI-MA’s UNFOLD: Mediation by Reinter-
pretation project (2016), MoMa’s Media Conservation Initiative (2017–2021), Whitney 
Museum of Modern Art’s Media Preservation Initiative (2018–2020), and the ZKM’s 
Beyond Matter (2019–2023) are just a few examples of the most recent initiatives in this 
field.

All these projects share the main challenge of treating and preserving a kind of art that 
is variable (according to the Variable Media Network [7]) or changeable (according to 
Hanna Hölling [8]) from both an intrinsic and extrinsic perspective. These artworks are 
time-based since their experience occurs over time [5], process-based since they unfold 
according to a succession of more or less defined human, mechanical or biological actions, 
and context-based since they rely on a specific exhibition or performative moment and 
space. The most relevant preservation issue is the extrinsic ephemeral character of this art, 
determined by its technological nature. Indeed, the rapidly evolving technological land-
scape in which artworks are born and the fragility of equipment and media involved put 
the issue of obsolescence at the centre of conservators’ attention. Traditional preservation 
strategies must be revised: preserving and reconstructing objects becomes less relevant [9], 
therefore, instead of material aspects, we have to move toward intangible ones [10]. Almost 
all projects define original methodologies for preserving the behaviour and experience of 
the artwork, leaving a greater degree of variability on many of the tangible and technologi-
cal aspects.
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Before the aforementioned projects, Bill Viola was one of the first to give a clear per-
spective on the preservation of time-based media art. In his 1999 article, Permanent Imper-
manence [11]—which includes the famous analogy between contemporary art and music, 
introducing the concept of “score” inside visual art production—the artist considers the 
obsolescence of media and defines two main approaches for preservation: the purist, origi-
nal-technology-at-all-costs approach and the adapted/updated technology approach.

Starting from these main approaches, The Variable Media Network was one of the first 
projects to give a more detailed distinction, and classified them as:

–	 Storage: the most conservative collecting strategy which means storing the work physi-
cally.

–	 Emulation: imitate the original look of the piece by completely different means.
–	 Migration: upgrade equipment and source materials.
–	 Reinterpretation: the most radical preservation strategy is to reinterpret the work each 

time it is re-created [7].

To date, these remain the distinctions of time-based media art preservation strategies 
adopted by most projects. It is possible to find new terms, such as “reconstruction” in the 
DOCAM research alliance, “encapsulation” in the EAI Online Resource Guide for Exhibit-
ing, Collecting & Preserving Media Art, “physical repair” in the Guggenheim Media Con-
servation Lab, and others that can always be grouped as strategies inside one of the four 
main approaches. Projects such as To Transfer or To Transform and Beyond Matter intro-
duced other approaches, such as virtualization, as emerging and promising solutions to the 
problem.

Some projects propose other perspectives from which to define time-based media art 
preservation. The project Archiv Performativ (2010–2012) proposes the term transcrip-
tion. Transcription includes any level of the artwork transmission, from historical faithful-
ness to the interpretative translation. They also add the concept of reinscription, which 
stands for “a clear eclipsing of an intentional or specific aspect of a work”. We reinscribe 
one or more elements of artwork when they are closely bonded to a specific context (e.g., 
historical context) and no longer intact in an artefact or transcription, but evoke a com-
pletely different experience.

LI-MA’s UNFOLD project emphasises the importance of reinterpretation. Taking up 
the analogy with ephemeral arts, it defines re-interpretation as a process in which the work 
is translated into a new context through the only use of documentation, scripts, memories, 
or scores. In these arts, reinterpretation becomes an integral part of artistic practice, as 
should also be the case with media art. Indeed “reinterpretation of media art can contribute 
to the preservation and better understanding of the work” [UNFOLD].

3 � Reactivation, dynamic preservation, and archiving of time‑based 
media artworks at the CSC

At CSC, we consider the above-mentioned approaches as forms of reactivation rather 
than preservation. As defined in Nelson Goodman’s essays: activation means optimising 
the functionality of a work as an artistic creation by emphasising its unique attributes and 
bringing understanding to that specific work [12, 13]. As an extension of the term activa-
tion, reactivation means making a “deactivated” artwork function again as such in front 



Multimedia Tools and Applications	

of an audience, and it extends from pure restoration to any kind of transmission and rein-
scription. We rather use the term reactivation instead of preservation since the strategies 
described above are not enough to preserve time-based media art. Time-based media art, 
with its ephemeral nature and the dynamicity with which the documentation is created and 
accumulated, raises many questions about the concept of authenticity. Questions and dis-
cussions around this concept are continuously debated by the academic community, along-
side the growing conservation and restoration practices. Despite the chosen strategy, art-
works are allographic [14] and especially “dynamic system” as defined by Pip Laurenson 
[15], which means that they exist only when they are installed or performed, and sooner or 
later they will be deactivated. Laurenson places time-based media art “on the ontological 
continuum somewhere between performance and sculpture,” and defines it as allographic 
since it is “similar to works that are performed” and therefore belongs to those artworks 
“created in a two-stage process”.

The lives of artworks develop periodically—for each manifestation—rather than con-
tinuously, as do their degradations and relative changes [16]. Between each manifestation, 
the artwork can survive only with its related documentation, which is another fundamen-
tal preservation element. When the artwork is deactivated, documentation includes all the 
practical and theoretical information that enables the reactivation. Indeed, preservation 
can only occur if the artwork can be reactivated. However, since the life of an artwork 
unfolds periodically, each reactivation requires new documentation which allows tracking 
its changeability. For this reason, in the context of dynamic systems, we extend the concept 
of preservation with dynamic preservation [17]. The idea of a fixed authenticity is, there-
fore, replaced by an identity that is shaped through the different versions or instances of the 
artwork since, in many cases, it is no longer possible to guarantee their physical integrity. 
Dynamic preservation exists through a continuous loop between documentation and reacti-
vation so that each reactivation creates the necessary documentation for the next reactiva-
tion, and so on (Fig. 1). Within this dynamic approach, working closely with artists and 
documenting their intentions and creative processes is fundamental in preventing the risk 
of losing an artwork’s original concept. A robust preservation model must consider each 
reactivation as a distinct instance, carefully describing its unique context and execution. At 
the same time, these instances should not exist in isolation but be understood in relation to 
one another, forming a cohesive network that reflects the evolving life of the artwork while 
maintaining its original concept.

Fig. 1   Scheme of dynamic preservation
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The following sections describe two tools for reactivating, documenting and archiving 
time-based media art coming from the aforementioned theoretical concepts: the Reactiva-
tion work plan and the Multilevel Dynamic Preservation (MDP) Model.

3.1 � Reactivation workplan

Starting from the concept of dynamic preservation, a work plan can be designed to reacti-
vate time-based media art. The work plan presented below (Fig. 2) comes from the preser-
vation of research projects presented in [18].

1.	 Collection of the components and documentation of the artwork for each manifestation, 
to gather as much information as possible and get a clear overview of its changeabil-
ity; the collected documentation can come from a specific archive but also from other 
resources, as it is also possible to create new documentation, e.g., by interviewing the 
artist.

2.	 Assessment of critical issues and vulnerability inherent in previous reactivation; the 
assessment phase allows for determining problems such as the effective or upcoming 
obsolescence, software and hardware bugs, missing components, context-related issues, 
and so on. The assessment allows for defining the designing space [19] which is a set of 
possible developing paths aimed at reactivating the artwork. To facilitate and speed up 
the assessment, already existing decision-making processes can be used and tested. An 

Fig. 2   Reactivation workplan
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example is the decision tree by DOCAM or the decision-making process by Guggen-
heim.

3.	 (Re)design implies reconstructing the artwork through restoration, migration, emula-
tion or reinterpretation according to the designing space. This phase can include several 
iterations exploring the developing paths and producing prototypes, tests, evaluations, 
and so on. This phase can be visualised as the design process defined in [20].

4.	 Implementation means activating the reconstructed artwork, presenting it and making 
it work before an audience.

5.	 Archiving is an important part of the reactivation process. All the previous steps pro-
duce new documentation (assets, prototypes, notes, instructions, audiovisual record-
ings, interviews, etc.) that should be archived and organised in order to promote future 
reactivations.

The organisation of the documentation inside an archive is a fundamental aspect of the 
dynamic preservation. On the one hand, it supports the reactivation of the artwork; on the 
other hand, it allows keeping track of its changeability over time.

3.2 � The multilevel dynamic preservation (MDP) model

One of the main topics of discussion in the preservation and restoration field is the concept 
of “reversibility”. The principle of reversibility ensures that any intervention or treatment 
applied during the restoration process can be reversed without causing irreversible damage 
to the original object or artwork. This principle was already highly contested and difficult 
to apply in traditional forms of art [21], and it is completely inappropriate in the context of 
time-based media art. All the challenges of preserving this new form of art come from the 
irreversible loss of components and technologies discussed above. However, every change, 
whether caused by the loss of technology or the preservation process, must be documented 
in order to describe and keep track of the artwork’s life. Documentation of the artwork’s 
changeability throughout iterations is an important feature in many new preservation mod-
els, such as the DOCAM Documentation model, the Inside Installation Documentation 
Model (2IDM), and Joanna Phillips’s proposed model [16].

The CSC’s Multilevel Dynamic Preservation (MDP) Model (Fig.  3) is based on the 
General Instruction Standard for Archival Description ISAD(G) [22] and consists of three 
hierarchical levels: artwork, manifestation, and item. Each level represents different aspects 

Fig. 3   Graphical representation of the multilevel preservation model
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of the artwork’s manifestations and documentation. The artwork level serves as the highest 
hierarchical level, akin to a series in ISAD(G), encompassing all its manifestations. Mani-
festations represent individual presentations of the artwork, forming distinct units within 
the series. This layer is named Digital Preservation Object (DPO) and it is a container—or 
a folder, to use the analogy with the file in the ISAD(G)—in which all the items of an 
artwork’s manifestation can be grouped. At the item level, various elements related to the 
artwork, such as bit, data, and experience, are classified based on their functions. Bits are 
those parts of the artwork which are used in a specific reactivation: hardware, software, 
performance objects, digital multimedia files, etc. Data are all those useful information 
about the realisation and the execution of the artwork: scores, technical notes, comments, 
etc. Experience is any document that bears witness to some aspect of the installation: inter-
views, audio/video recordings, usability tests of the original system, and information about 
people (artists, performers, technicians) involved in the artwork and their roles. Unlike 
ISAD(G), where each archival item belongs to a unique file, this model allows bit and data 
items to belong to multiple exhibition units, facilitating the representation of the artwork as 
a dynamic entity undergoing various reactivations over time [23].

4 � Reactivation case studies

The CSC carried out the development of the above-mentioned conceptual framework and the 
MDP model working on the reactivation of several case studies of different art forms. The selec-
tion of these 8 case studies stems from different needs. In some cases, the interventions were 
performed to directly revive past works (direct reactivation), while in others the main rea-
son was to study and deeply understand the artworks and the concepts behind them (indirect 
reactivation).1Through the analysis of these cases, we have explored various approaches to reacti-
vation—often combining them—carefully evaluating their pros and cons on a case-by-case basis.

In planning the reactivation interventions and the selection of strategies, the artists’ 
points of view were taken into account (whenever possible), recognizing their essential role 
in preserving the integrity of the work. The consultation of original documentation and, 
in some cases, direct collaboration with the artists’ technicians and collaborators proved 
to be useful resources, providing a solid foundation for ensuring interventions that were 
respectful and faithful to the original vision of the artwork. The lack of documentation can 
be one of the most challenging issues, especially in cases where it is not possible to consult 
directly with the artist. This factor complicates the understanding of the original intent and 
the choice of the reactivation strategies. For this reason, although some artists in the past 
did not place much importance on documenting their performances and artworks, in recent 
years, the artistic community has developed an increasing awareness of the fundamental 
importance of documentation practices, recognizing them as necessary for the transmission 
and preservation of artistic heritage.

In this section we describe the various reactivation approaches adopted by the CSC and 
applied to the above-mentioned case studies: restoration/physical repair, migration, virtu-
alization, and reinterpretation. Some of the most significant case studies of reactivations 
are listed in Table 1. In addition, depending on the specific case study, adopting a hybrid 

1  Even in this case we refer to Nelson Goodman’s distinction between direct and indirect activation, defined 
in [11]
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approach proved to be the best strategy. In fact, the hybrid approach allows to keep some of 
the original components of the artwork, while replacing others with modern technologies.

4.1 � Restoration and digitisation

One suitable reactivation approach for time-based media art concerns the restoration and 
the physical repair of the components of the original artwork. More than other strategies, 
restoration—if performed conscientiously and carefully- can reduce the risk of compromis-
ing the authenticity and integrity of the artworks as they were originally conceived by the 
author.

The main challenges, when dealing with restoration, come from the obsolescence-
related issues that original technologies (software and hardware) and audiovisual docu-
ments inevitably face over time. In fact, in many cases the rapid growth of technology 
becomes a problem for preservation, since the lack of maintenance and software updates, 
discontinued formats and devices, as well as the difficulty to find their spare parts, causes 
the need for an active approach in conservation.

4.2 � Restoration of obsolete hardware

The need of restoring and reactivating obsolete hardware emerges from the fact that these 
devices were often associated with dedicated software specifically developed and used by 
composers and artists in their installations, live electronics, and performances. Frequently, 
these software are only compatible with dated technologies and haven’t been updated over 
the years, thus requiring the restoration of obsolete hardware. The preservation of old elec-
tronics also allows for useful insights into the artworks and their genesis, by accessing 
details about the artistic choices and technological context in which they were created.

Over the years at the CSC, the collaboration with numerous composers, musicians, 
engineers, and technicians led to the creation of an important archive. Included in this 
archive are around 970 audio documents recorded on different formats, as well as musi-
cal instruments and equipment for sound processing, such as the PDP-11, the 4i processor, 
and the NeXTcube. The CSC began to approach the issue of restoring obsolete systems by 
reactivating and restoring the hardware used in its early days of activity. This commitment 
extended beyond the mere device repair, encompassing a thorough understanding of their 
functions and historical meaning. This awareness led to a reflection on the preservation of 
complex computer systems and their components, prompting the CSC to develop dedicated 
strategies and protocols for the long-term preservation of these valuable digital resources. 
In some cases, within the reactivation of an artwork, the adopted strategy must acknowl-
edge that the technical limitations and fallibility of used technologies may be intrinsic char-
acteristics of the artwork itself, and its aesthetic experience. Consequently, when repairing 
or replacing obsolete equipment, it is essential to carefully evaluate whether and how to 
proceed, considering the risk of compromising the work’s authenticity. Any intervention 
should be carried out balancing the need to preserve the functionality of the piece with 
the imperative to safeguard its original concept. One important example of restoration and 
physical repair is the preservation intervention carried out on the PDP11/34 minicomputer 
[24]. The PDP11/34 was a 16-bit minicomputer created by Digital Equipment Corporation 
(DEC) in the late 1970s, which held a significant role within the realm of computational 
analysis. This device was used for programming the electronic music parts in the renowned 
Prometeo by Luigi Nono that premiered on September 25, 1984, at the San Lorenzo 
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Church in Venice. The PDP11 was intertwined with the 4i sound processor, engineered by 
Giuseppe Di Giugno and manufactured by IRCAM Laboratories in Paris in conjunction 
with the CSC. The 4i boasted versatile capabilities facilitated by programmable logic units. 
These units enabled the implementation of various functions, ranging from simple sine 
waves to complex effects, alongside the integration of filters such as high, low, and band-
pass filters. Beyond music, the 4i also delved into speech synthesis experiments, cementing 
its status as one of the earliest general-purpose digital sound interface processors.

Preserving this device involved several steps, including the raw dump of the original 
software from the accompanying floppy disks. This process safeguarded against potential 
deterioration caused by adverse storage conditions, ensuring the digital rendition mirrored 
the original magnetic flux variations. Restoration efforts extended to the dual drive unit, 
comprising BASF 6104 drives, which underwent cleaning interventions to maintain opti-
mal performance. Electronic components, particularly tantalum capacitors susceptible to 
degradation over time, were replaced to mitigate potential failures. Additionally, the PDP-
11/34’s power supply modules underwent rejuvenation to address issues stemming from 
aging electrolytic capacitors. The validation of its functionality was conducted using a 
VT320 terminal, while firmware preservation efforts focused on mitigating bitrot, a com-
mon affliction affecting EPROMs, mask ROMs, and PROMs.

4.3 � Restoration and digitization of audio documents

In many cases, in reactivating media art, restoration interventions may also interest 
audiovisual documents. In fact, many artists used audiovisuals in their installations and 
performances—often recorded on obsolete carriers—that inevitably face degradation 
over time, as well as obsolescence-related issues. The digitization and the restoration 
of such materials is a fundamental task for accessing the contents used by the artists 
in their live performances and installations. The CSC began to investigate such spe-
cific conservation and restoration methodologies when they faced the need of preserv-
ing their own archive. The audio archive of the CSC includes 970 audio documents 
recorded on different formats—especially ¼” open-reel magnetic tapes—and encom-
passes electronic music compositions, studies on vocal synthesis, and experimen-
tal research on timbres. Due to the issues related to degradation of the materials—as 
well as the obsolescence affecting these formats and devices used to play them—it has 
become necessary to develop a preservation strategy in order to ensure their long-term 
preservation, as well as preserving the information related to their physical features in 
the A/D conversion. The developed methodology is based on a philological approach, in 
order to preserve and recreate the integrity of the audio document. Metadata gathering 
covers a central role, as well as the documentation related to the physicality of the origi-
nal document. In fact, in many cases audio documents were also used for live perfor-
mances and, therefore, they have to be considered as precious witnesses of the artistic 
process. The final output of the preservation methodology is the creation of preserva-
tion copies, a digital counterpart of the original analog document, usually in high-qual-
ity, non-compressed audio (wav, PCM, 24 bit, 96 kHz).

After the restoration and digitization of the CSC’s internal archive, the developed 
methodology was applied and implemented within numerous projects on several impor-
tant funds belonging to various Italian and International archives and institutions, and the 
same intervention protocols were applied in several cases of reactivation, especially when 
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collaborating with artists that used audiovisuals for performing live or for their installations 
(e.g., expanded cinema).

Other important case studies that required the restoration of related audiovisual materials 
were the one carried out on Michele Sambin’s personal archive, which included several audio 
tapes used in his early performances, such as the original ¼” open-reel tape used in Autori-
tratto per 4 camere e 4 voci (1977), and the one carried out on Roberto Taroni’s personal 
archive, which included the sound components of numerous performances and installations 
of the artist, such as the audio materials used in the installation La(m)pelle di Ahmad (1979).

4.4 � Migration

The migration approach involves updating the technologies and source materials involved in 
the realisation of an artwork. This approach results in being one of the most used in restoring 
time-based media art, as it allows for gradual changes in the physicality and appearance of the 
artwork and for its maintenance and functioning for long-term reactivations. The main reason 
for applying migration rather than restoration is to prevent and treat technological obsolescence. 
A constant and frequent assessment of the artwork’s state with the appropriate and measured 
migration operations can guarantee the longevity of the artwork. Researchers and artists at the 
CSC have carried out migration operations since the 1980s, especially for live electronics and 
computer music compositions. Among the most important examples are the live electronics 
environments and sound synthesis systems of the Prometeo, tragedia dell’ascolto (1984) by 
Luigi Nono and Perseo e Andromeda (1991) by Salvatore Sciarrino. Besides their complexity, 
both compositions are regularly performed to this day. This is thanks to the efforts of scholars 
who continuously updated, and so migrated, the technologies involved.

Among these, Perseo e Andromeda—although less often performed in comparison with 
Luigi Nono’s piece—shows important changes and updates for each execution. Perseo e 
Andromeda is one of the first pieces in music theatre history to completely replace the 
orchestra with sounds generated and processed in real-time by a complex computer system 
(Fig. 4). In the 1991 original version, the live electronics were executed by two performers 
who were placed in the orchestra pit. The computer system was composed of a PDP-11/34 
with the 4i real-time audio processor, and two Vectra 386/25 workstations for the sound 
synthesis, an ATARI 1040ST with Cubase 2 for the audio diffusion plus MIDI controllers 
and a mixer. Since then, the computer system was replaced with the IRIS 1000 and MARS 

Fig. 4   Last performance of Perseo & Andromeda on October 30, 2023 at the Teatro degli Atti (Rimini, 
Italy)
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system in 1992, with an Apple system running the first Cycling ’74’s Max/MSP version in 
2000, and finally today (last performed in 2023) with a MacBook Pro running the 8th ver-
sion of Max/MSP. This passage has seen a simplification of the computer system that also 
allowed for the live electronics to be performed by only one performer.

Other important cases of migration feature video art, particularly Michele Sambin’s video 
art performances. One of the key concepts for the artist was the interaction between humans 
and technology as an essential element of the creative process. However, despite the inclu-
sion of advanced technological tools, the human subject remained at the center of his artistic 
expression. This balance between technology and the individual reflected a vision in which 
technology was not an end in itself but rather a means to amplify the dialogue between the 
artist, the audience, and the artwork. Unlike the constant process of updates observed in the 
computer music pieces, the migration intervention for Sambin’s works occurred 40  years 
after their initial presentation. The reason for reactivating such performances is to return a 
concrete live aspect to a series of pioneering performances of Italian video art history, fur-
ther emphasised by the artist himself, wishing to perform some of his most influential works 
again [23]. Among these works, the most important ones are Il tempo consuma (1979) and 
Autoritratto per 4 camere e 4 voci (1977). In these cases, the artist was particularly interested 
in representing his installations using new technologies, and therefore we decided to proceed 
with a migration approach. By embracing this approach, the artist aimed not only at preserv-
ing the concept behind the original installations but also at exploring new possibilities offered 
by modern technologies. The reactivation of these artworks was carried out in collaboration 
with the artist and it was preceded and followed by an interview with him to underline his 
point of view and his thoughts on the final results [25]. Their reactivation process involved 
the analysis of the original technological tools involved in the performances – such as ana-
logue video recorders, cameras, cathode-ray tube (CRT) monitors, and tapes—which in some 
cases were missing since they were not owned by the artist anymore. Nowadays it is difficult 
to find such tools, because of their obsolescence and it will be increasingly difficult in the 
future. This issue led to the decision to update the entire analogue system by migrating it to 
the digital domain (Fig. 5). CRT screens were replaced by new Ultra HD LED screens; the 
old cameras by modern portable 4 K cameras; the original audio system (cameras’ built-in 

Fig. 5   Michele Sambin’s performance within the reactivated installation Il tempo consuma (2022)
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microphones and monitors’ speakers) by cardioid condenser microphones and a pair of dedi-
cated speakers; and the entire system composed by video-recorders and tapes by computers 
with sound and graphic cards. Max/MSP was used for creating dedicated software with the 
aim of recreating the behaviour of each performance.

4.4.1 � The hybrid approach

The migration approach does not always involve all of the artwork’s components. Depend-
ing on the artwork, the components, their relation, and their functioning within the whole 
behaviour, migration can be applied only for determining parts. We call such kinds of 
interventions the hybrid approach.

A case study of the hybrid approach at the CSC is the Caso Delle Sfere, a 1999 interac-
tive music installation by composer Carlo De Pirro. The installation is based on the com-
munication between a Disklavier, a self-playing acoustic piano, and a pinball machine. 
Following the unfolding of the level-based narrative of a pinball machine,2the Disklavier 
presents more complex and intricate musical sequences. The concept behind this instal-
lation was to bring contemporary music to the wider public and engage them through a 
popular game. The communication between the pinball machine and the Disklavier based 
on the player’s interaction with the game was achieved thanks to complex hardware (1997 
Windows PC and dedicated PCB) and software (a set of C + + programs for communica-
tion) systems. The installation was exhibited many times in Europe, from 1999 to 2004. 
Unlikely other case studies, it was not possible to work together with the artist for this reac-
tivation, since Carlo De Pirro sadly passed away in 2008, but we performed the reactivation 
under the supervision of several collaborators and technicians who worked together with 
the artist, such as Alvise Vidolin and Nicola Orio.

Unfortunately, after nearly 20 years, the installation had many problems related to all 
components. To revive the installation, the research group at the CSC decided to proceed 
with a hybrid approach, restoring the pinball machine, replacing the old Disklavier with 
a new one, and migrating the whole communication system. In the original installation, 
some components such as the pinball machine and the Disklavier have a physical impact 
on the whole experience. In fact, in the case of the pinball machine, the composer based 
the composition of the musical sequences on the narrative of a specific pinball machine, 
while in the case of the Disklavier, the sound of a real acoustic piano was produced by the 
keys that moved autonomously. On the other hand, the communication node had a behav-
ioural relevance, since it was not based on a specific object, but rather on a set of rules that 
describe the behaviour of the installation. These rules described the relation between what 
was happening in the pinball machine and which sequences were played by the Diskla-
vier, forming the resulting experience. For this reason, the entire communication node was 
migrated to new hardware (an Arduino Mega board) running the same rules of the old 
software which were ported to a compatible running language using the Arduino IDE [16].

4.5 � Virtualization

Among the most recent approaches, Virtual Reality (VR) is a technology that introduces 
new interesting possibilities for preserving and accessing media artworks. In recent years, 

2  The pinball machine is a 1992 Creature from the Black Lagoon produced by Bally Manufacturing.
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VR technologies started to be explored in the field of preservation by some international 
projects, such as Obsolete Equipment  [26], a collaboration between the Netherlands 
Media Art Institute (NIMk), Platform for the Archiving and Preservation of Audiovisual 
Arts (PACKED), the Museum for Contemporary Art Antwerp (MHKA), the Municipal 
Museum of Contemporary Art in Ghent, the Stedelijk Museum of Amsterdam (SMA), and 
the Museum Kröller-Müller en Instituut Collectie Nederland. VR is a technology that ena-
bles the reactivation of multimedia art installations in an immersive and interactive way. 
In fact, users are allowed to experience the artwork despite its material impossibility. VR 
opens new possibilities for preserving media art, but the adoption and development of 
such technologies require a thoughtful approach, taking into consideration the preservation 
needs of each case study.

The research team of CSC chose the virtualization approach for the reactivation of sev-
eral art installations, such as Casa dolce casa (1978) and La(M)pelle di Ahmad (1979) by 
Roberto Taroni (Fig. 6) [27], and Autoritratto per 4 camere e 4 voci (1977) by Michele 
Sambin [28]. The selection of these installations was made in collaboration with the artists, 
who expressed their interest in reactivating these works. Furthermore, the choice was influ-
enced by the desire to test this approach across different art forms, such as expanded cin-
ema and video art performances. For the virtualization of the artworks, we used the open-
source video game engine Godot and two modern consumer VR headsets—Oculus Quest 
(2019) and Meta Quest 2 (2023). Introduced in 2013, Godot is a relatively new engine in 
comparison to the others commonly used for VR applications, such as Unity (2005) and 
Unreal Engine (1998). Godot supports OpenXR, the open-source standard for virtual and 
augmented reality applications.

The first two installations by Taroni did not include a performative element, as they used 
multi-projections (fixed, in the case of La(M)pelle di Ahmad, and moving via a mechanical 
system, in the case of Casa dolce casa) and sound sequences played from magnetic tapes. 
Their original features made them particularly suitable for the virtualization approach. For 
their reactivation, the use of VR was preceded by an operation of recovery and restoration 
of the original film—carried out by the Camera Ottica Film and Video Restoration Lab of 

Fig. 6   Virtualization of the installation La(m)pelle di Ahmad (1979) by Roberto Taroni
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the University of Udine in 2022—and audio materials, the latter applying the preservation 
methodology developed at the CSC. Furthermore, film materials required a color correc-
tion intervention, due to a severe magenta fading issue of the small gauged films.

The interaction between the user and the artwork covers a central role in most of Taro-
ni’s works. For example, in the case of La(m)pelle di Ahmad, the installation featured three 
screens, each projecting a different film, accompanied by three separate sound sources 
[29]. The central idea was to immerse the viewer in this space, allowing them to reflect and 
combine the visual and auditory stimuli, ultimately crafting a meaning that transcended the 
individual components of the installation. Taroni often incorporated wordplay and external 
references into his work, deliberately ensuring that the viewer was not a passive observer 
but was instead compelled to actively engage in an intellectual effort. Working on the reac-
tivation of these installations, VR proved to be an extremely useful solution, since it allows 
to recreate obsolete devices that, in some cases, cannot be found fully functional and may 
be difficult to repair (e.g., Super8 film projectors). The use of this technology allowed the 
realisation of two virtual versions of the original installation: the first one, with original 
film and audio materials before any restoration intervention, and the second one, with 
color corrected images and restored sound, allowing the artwork to be experienced in both 
versions in the virtual environment, opening new possibilities for curators, scholars, and 
researchers. Taroni actively participated in all decisions regarding the virtualization of the 
artwork, such as the choice of including VR models of the Super 8 projectors used in the 
original installation together with their characteristic sound, and had the opportunity to test 
the final product using the VR headset. He expressed great enthusiasm for the outcome, 
appreciating how the virtualization recreated the original artwork. The CSC team docu-
mented the artist’s feedback and insights through a detailed interview, gathering valuable 
data on his perspective. The possibilities offered by VR go beyond mere preservation, since 
they allow to maximise the access to a virtualized installation. This is extremely important, 
since it also allows users with special needs—or in other parts of the world—to experience 
the artworks by accessing the virtual environment.

Fig. 7   Virtualization of the interactive installation Autoritratto per 4 camere e 4 voci (1977) by Michele 
Sambin
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The installation Autoritratto per 4 camere e 4 voci (Fig. 7), on the other hand, intro-
duces further complexity due to the fact that Sambin used the installation for performing 
live. In fact, the artist used four CCTV cameras positioned at the cardinal points at 2 m 
from the artist’s face. These cameras were interconnected in a closed circuit with four CRT 
monitors arranged in front of the artist. Sambin would rotate on a stool while emitting 
vocal sequences, modifying the vowel combination while transitioning from the cardinal 
directions. Consequently, users experienced a unique portrayal of the artist, depicted on 
the four monitors from diverse perspectives, all in continuous rotation. A first reactivation 
of the artwork was performed by adopting the migration approach, but we also decided to 
recreate it in the virtual environment. The use of VR was chosen because of the specific 
challenges that this artwork posed in comparison with other case studies, especially consid-
ering its performative and interactive aspects. VR allowed the recreation and the preserva-
tion of the performative aspect, by creating a 3D avatar of the artist to place in the virtual 
environment. Even in this case, the virtualization of the installation includes the original 
audio sequences digitised from the tape used by Sambin in the original performance. These 
sequences were recorded on a 4-channels open-reel tape and they were played back by a 
technician after each rotation of the artist, creating a looping soundscape. The virtual envi-
ronment allows the spatialization of audio sources, adding a further layer of realism to the 
recreated performance.

4.6 � Reinterpretation

Another possible approach for reactivating artworks is reinterpretation. We define reinter-
pretation as the action of redefining or re-contextualize the artwork’s experience through 
an extension, reduction or redefinition of the behaviours. Examples include reinterpreting a 
performance through an installation, or vice versa, constructing an installation with audio 
or video documentation, and so on. In any case, reinterpretation is a powerful action to 
extend the knowledge about a specific artwork.

An example of reinterpretation at CSC is the work carried out on Adriano Guarnieri’s 
multimedia opera Medea, originally composed in 2002. The original opera, comprising 
soloists, chorus, orchestra, live electronics, and videos, has been reinterpreted as an immer-
sive multimedia installation in 2012 by Alvise Vidolin. A selection of scenes from the live 
recording of the performance has been re-organised for an eight-channel audio surround 
system. This setup was complemented by loop-playing scenes from the opera and from 
the original video track displayed on three screens across the room. Additionally, the exhi-
bition space was enhanced with lighting effects and room decorations, further enriching 
the overall experience. Although the installation could be understood as a new artwork, 
it is rather a new form for communicating and disseminating the original opera. At the 
time of creating Medea, the artist, primarily a composer, had not yet explored the potential 
offered by the artistic form of multimedia installations. However, the reinterpretation of 
the work enabled new expressive possibilities. This experience led the artist to profoundly 
rethink the meaning of the work itself, describing these new artistic perspectives as "the 
true Medea."

Another case of reactivation performed following this approach is the one carried out 
on Michele Sambin’s Il tempo consuma, reinterpreted as an interactive installation. In this 
case, the operation was much simpler: the reinterpretation simply consisted of replacing 
the performer with the audience. Making a performance participatory is a powerful tool 
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to allow the audience to discover the interactive possibilities and behaviours of a specific 
performative system, in this case, Michele Sambin’s videoloop.

5 � Archiving through MDP model

The previous section showed how various approaches differ in many aspects and offer 
several advantages and disadvantages in reactivating time-based media art. Considering 
the heterogeneity of the presented case studies, when documenting and archiving an art-
work, the MDP model allowed for recording its evolutions without losing the relationships 
between its various interactions (DPO) and therefore preserving its artistic integrity. The 
model exhibits a high degree of flexibility due to its underlying theoretical framework, 
which has been designed to be applicable across various complex scenarios and different 
art forms.

A high-level representation of the MDP model is shown in Fig. 8. The diagram illus-
trates the iteration of Salvatore Sciarrino’s Perseo & Andromeda over more than 30 years, 
reconstructing the changes of hardware and software components between the various 
reactivations. The logical structure of the MDP model allowed for documenting a complex 
scenario as described in Section  4.2. The DPOs were produced as result of the various 
reactivations, by documenting the changes over bits, data, and experience.

The MDP model is also suitable for describing the changes between DPOs resulting 
from extremely different reactivation approaches. For example, the artwork Autoritratto 
per 4 camere e 4 voci by Michele Sambin was reactivated for the first time with a migration 
approach—by substituting and updating the original technologies—and the second in VR, 
with the recreation of the full performance in the virtual environment. The iterations of the 
artwork, as shown in Fig. 9, illustrate the drastic changes between the two approaches, with 

Fig. 8   High-level representation of the MDP model (Perseo & Andromeda)
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only some components maintained in both versions of the artwork (e.g. the files obtained 
by the digitization of the original 4-channel audio tapes used in the original performance).

In each case, the application of the MDP model shows that behavioural aspects of the 
artworks remain fundamentally preserved, as well as its artistic and conceptual aspects. 
Documentation and, in some cases, direct collaboration with the artists have allowed for 
informed decision-making prior to the reactivation of the artworks. This approach ensured 
that the original concept the artist intended to convey was never lost. By combining our 
research with the insights of the creators themselves, it becomes possible to respect the 
authenticity and integrity of the works while adapting them to new contexts or restoring 
their functionality. Furthermore, the DPO-based structure allows the preservation and 
maintenance of the relationships between various instances, minimizing the risk of los-
ing the concept behind the artwork. In both of the examples above, sketches, scores, and 
instructions are commonly transmitted between each iteration—often guiding the (re)
design phases—while the original related documentation is expanded with every new 
version.

Fig. 9   Example of application of the MDP model (Autoritratto per 4 camere e 4 voci)
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Most importantly, the application of the model allowed for archiving the artwork as a 
dynamic object, rather than a fixed one, without giving any priority to the first activation 
or the last. In addition, the model preserves and provides the necessary information for fur-
ther reactivations in the future.

6 � Discussions and conclusions

Time-based media works are a complex example within contemporary artistic production 
that require specific preservation strategies. In order to preserve such works, it is essential 
to consider the need to reactivate these systems, encompassing hardware, software, and 
audiovisual content. This complexity demands a flexible, tailored approach, choosing the 
most suitable reactivation strategies on a case-by-case basis, given the wide range of sce-
narios and possible applications. In fact, each approach offers specific advantages that may 
make it more suitable for a particular reactivation or preservation intervention. Thanks to 
the collaboration with numerous artists and composers, the CSC of Padua investigated dif-
ferent approaches to reactivation and proposed a model for preserving and documenting 
time-based media art, with the aim of long-time preservation. Many preservation interven-
tions were carried out on audio archives and obsolete hardware, demonstrating how the 
restoration approach, to be an effective solution, requires the conservation to be a continu-
ous and dynamic process to face the obsolescence-related issues, both in analog and digi-
tal domains. Approaches to reactivation such as migration enable a more comprehensive 
preservation of the interactive and, especially, performative components of certain types 
of artistic installations, but even in this case the conservation process must be dynamic 
and proactive to avoid the obsolescence-related issues that even the most recent technolo-
gies (software and hardware) will inevitably face. In some cases, some components cannot 
be replaced since they are fundamental parts of the original concept behind the artwork. 
In these cases, in order to preserve the physicality of the originals, adopting the hybrid 
approach for the reactivation may be the optimal solution, since it allows the maintenance 
of such components, substituting the secondary ones with modern devices.

Reactivations performed through the reinterpretation approach increase the risk of impacting 
the authenticity and the integrity of the artworks since they introduce a higher level of inter-
pretation in the process. Especially in those cases, wherever feasible, collaboration with artists 
can be extremely important to minimise the risk of misinterpretation and loss of the original 
concept behind the artwork. Modern technologies such as virtualization, thanks to the increas-
ing popularity and realism of the metaverse and virtual reality, maximise access to artworks, 
while without losing their original concept within the virtual environment. Furthermore, they 
allow access to previously impossible levels—for example, showcasing artworks before and after 
the restoration of audiovisual components. This allows audiences to experience both versions 
and critically engage with the decisions made during the restoration process. Typically, the pub-
lic is not granted this kind of insight; they usually experience only the reactivated installation, 
often accompanied by a brief description of the restoration work that was undertaken. The MDP 
model has been designed to be used across a wide range of complex scenarios and it allows 
for archiving a time-based media artwork as a dynamic object, without losing the interactions 
between its various reactivations (DPO). Currently, the research team of CSC is working together 
with several artists on the digitization, reactivation, and preservation of their time-based media 
artworks, constantly expanding the number of case studies. Future implementations will concern 
the development of a web interface designed over the MDP model for preserving and archiving 
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time-based media artworks. The goal of this project will be to provide archivists, curators, and 
researchers with a computer tool capable of managing both data gathering and organization, in 
order to tackle the complex challenge of archiving and preserving time-based media artworks. 
In fact, even if the MDP model is not strictly related to a specific software/platform, its logical 
structure can be applied to organise database systems and repositories. This flexibility was a cen-
tral point during the development of the model since it was designed with the aim of defining a 
shared preservation methodology for time-based media art.
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