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Abstract. Audio recordings are an important documentary source for
academic studies in many fields, from linguistics to anthropology. Dur-
ing the last decades, great efforts were made to develop guidelines and
best practices for the preservation of audio documents, but not as much
attention have been paid to quality controls on the re-mediation process
and the output data.

This article presents the experience of the research project REVIVAL,
aimed at the preservation of the audio documents stored in the archive of
the Fondazione Arena di Verona, Italy, where a quality protocol was de-
fined, and original software tools for automation of control were developed.
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1 Introduction

The importance of audio recordings (speech and music) as documentary sources
for disciplines such as linguistics, musicology, ethnomusicology, anthropology and
the like is fully recognized today. Accordingly, much efforts have been spent on
the preservation of audio documents over the past decades (see [I3] and [12]
for an overview), and a variety of methodologies and best practices is currently
made available by the international community (see [TOJ9JT4I]). However, the
awareness that audio/visual carriers have an alarmingly short life expectancy
compared to other pieces of cultural material, which can be measured in decades
or years, caused a “rush” to digitization and an overall underestimation of the
importance of quality controls during the process of re-mediation (the process
of transferring the acoustic information from a medium onto another medium).
This approach may have dramatic consequences on the authority of a document
as a source for academic studies, besides invalidating the re-mediation process
that needs to be repeated, which is not always possible as explained in Section 2l

This article presents the experience of the research project REVIVAL (RE-
storation of the VIcentini archive in Verona and its accessibility as an Audio e-
Library), aimed at the preservation of the audio documents stored in the archive
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of the Fondazione Arena di Verona, Italy, with a special attention to the devel-
opment of protocols and tools for quality control during the re-mediation process
of audio documents.

Section Plintroduces the problem of unreliable data as output of unsafe preser-
vation programmes. Section [3] presents the REVIVAL project, where algorithms
for quality control and software tools, respectively presented in Sections @ and [
were developed.

2 The Threat of Unreliable Data

Poor methodologies for preservation may nullify the audio document as a source
for scholarly studies or, worse, lay a doubt over analysis and theories that were
based on those documents. In this sense, reliable repositories of documents should
be a major concern for academics and specialized communities. They should be
aware of the risks, and demand that preservation programmes are planned in
order “to save history, not rewrite it” [5].

The process of re-mediation is fatally error prone (at technical, planning and
operative level) and it often tends to indulge to the present aesthetical taste.
These are factors that clearly motivate the definition of a strict protocol for the
re-mediation of audio documents.

Secondly, preservation is not limited to “safeguarding the world’s documentary
heritage, [but it is aims at] democratizing access to it, and raising awareness of
its significance and of the need to preserve it” [4]. In this sense, the creation of
“preservation copies” (or “archive copies”), as defined in Subsection ETl is not
enough: the data needs to be (unrestrictedly) accessed, meaning that tools for
retrieval are needed, from low-level (locating and associating data) to high-level
(Content Based Retrieval (CBR)).

Performing controls on digital data is not straightforward, especially for large
collections. Producing invalid data during the re-mediation process means that
the process needs to be repeated, which is not only time consuming, but may
not be possible if the original carrier got physically damaged during playback,
and it cannot be played again. The signal extraction from the original carrier is
one of the most, if not the most, delicate step of the process, but all steps must
be carried out with equal attention. Each step is closely related to the others,
and early mistakes propagate in the workflow with ambiguous effects.

The preparation of the carrier (physical restoration) and playback allow for
errors that damage the carrier directly, but the definition of the format for
playback (e.g., speed, equalization curve and noise reduction system for analog
recordings) is crucial, as wrong calibrations during the extraction of the signal
invalidate the entire procedure.

What has been underestimated during the last few decades is the complexity
of the audio re-mediation process, which does not coincide with simple A/D
transfer, as is unfortunately often thought. In other words, in fact there are
many different things can go wrong during the re-mediation process, and each
step should always be performed in optimal conditions.
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An additional reason for wanting quality data is that algorithms and tools for
automatic classification and tagging, analysis and processing, generally perform
better with quality data sets. Subsequently, it is convenient to control the process
of producing data in order to feed these tools, which are being developed very
fast, with good data sets.

3 The REVIVAL Project

REVIVAL (REstoration of the VIcentini archive in Verona and its accessibility
as an Audio e-Library) is a national joint project between the Fondazione Arena
di Verona and the Department of Computer Science of the University of Verona,
with the scientific support of Eye—TeclrE. It started in January 2009 and by the
end of the second year, in December 2010, the partners agreed to extend it
throughout 2011, basing on the quality of the objectives achieved that opened
the way for further work.

Tts main objective is the development of a HW/SW platform with the pur-
pose of preserving and restoring and audio documents stored in the archive of
the Fondazione Arena. The estimated value of the archive is 2, 300,000 Euros. It
comprises tens of thousands of audio documents stored on different carriers (from
wax cylinders to digital carriers), hundreds of pieces of equipment for playback
and recording (from wire to magnetic tape recorders and phonographs) and bib-
liographic publications (including monographs and all issues of more than sixty
music journals from the 1940’s to 1999). Along with a history of the record-
ing techniques, the archive traces the evolution of a composite genre such as
opera, with one of the largest collections of live and studio recordings in Italy.
The most precious section of the archive is represented by the live recordings of
the operas staged every year during the summer season at the Arena. The first
opera festival was organized back in 1913 by the tenor Giovanni Zenatello and
the theatre impresario Ottone Rovato, to celebrate the centenary of the birth of
Giuseppe Verdi. Since 1936 the festival was organized by the “Ente Lirico Arena
di Verona” (autonomous organization for lyrical productions), until the Ente
Lirico was transformed into a private law foundation in 1998, the Fondazione
Arena di Verona. The oldest recording available of the opera festival dates back
to July 30th, 1968, and it is a performance of “Trovatore” by Giuseppe Verdi,
featuring Leyla Gencer as Leonora and Carlo Bergonzi as Manrico. Figure [
shows some of the open-reel tapes stored by the archive: all of them are unique
copies. The archive is constantly growing with the new recordings of the current
seasons, stored on HDD devices.

The first task of REVIVAL consisted in the development of an operational pro-
tocol aimed at the preservation of the audio documents stored by the archive [2].
The main international guidelines were considered ([I4/1]) and trade-offs were
made to meet the characteristics of the Arena archive, in terms of number and
type of documents, genre of the recordings, objectives of the digitization. The
documents for the re-mediation were selected according to the following criteria,
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(a) Audio documents (b) The laboratory

Fig. 1. Left (a): some of the open-reel tapes stored by the archive of the Fondazione
Arena di Verona. All of them are unique copies. Right (b): a view of the laboratory
that was set up withing the archive. Several tape recorders (in particular a Studer
A-812 in the bottom right corner) and the A/D-D/A device can be seen. Between the
loudspeakers for monitoring, on a lower shelf, the incubator for the thermal treatment
of the tapes.

inspired by the (conflicting) classifications provided by the International Feder-
ation of Library Associations and Institutions (IFLA) [10] and the International
Association of Sound and Audiovisual Archives (IASA) [9]:

1. original carriers in immediate risk / on endangered media;
2. documents in regular demand;
3. documents which depend on obsolete or commercially unsupported systems.

Figure [Tl shows a view of the laboratory, which is equipped to fully support the
preservation process, from the restoration of the physical carriers (e.g., ther-
mal treatment in incubator) to the A/D-D/D transfer, from metadata extrac-
tion to multimedia processing. With the experience matured on the number of
documents digitized, some experiments were planned 1) to have a better un-
derstanding on how magnetic tapes respond to thermal treatment (commonly
used to compensate for the sticky shed syndrome [7]), in collaboration with the
Department of Mathematical, Physical and Natural Science of the University of
Verona and the Department of Chemical and Process Engineering of the Uni-
versity of Padova, and consequently plan better treatments; and 2) to find out
if the audio signal obtained from a tape played in the intended direction (sound
forward) equals the one obtained with the same tape running the opposite direc-
tion (sound backwards). The rationale for this experiment is that extracting the
signal in one playback session for tapes showing two independent mono tracks
using a stereo head (then splitting the stereo signal and reversing one channel by
means of a wave editor) would save half of the time employed to read the tape
(which may last up to 4 hours) and would prevent fragile carriers from being
played back twice.
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4 The Re-mediation Process

Two types of preservation can be distinguished for audio documents: passive,
meant to defend the carrier from external agents without altering its structure,
and active, which involves information transfer onto new media. A protocol for
the re-mediation of audio documents consists in the formalization of the steps
for active preservation.

The purpose of this protocol is to ensure that the loss of information during
the re-mediation process is minimized. A number of different tasks are neces-
sary to ensure that all information is read/generated, interpreted, represented
and described adequately. The required input is: 1) the original document; 2)
knowledge about the recording technique; 3) knowledge about the history of the
recording. The output is the preservation copy, as defined in Subsection E.11.

The process is structured in three steps (before playback, playback and after
playback), each of which is articulated in procedures and sub-procedures. The
output of each procedure and sub-procedure is either data, a report or a different
state of the system.

The first level is general and applies to all types of carriers. The second must
be occasionally adapted to the type of carrier that is being treated, and the third
is completely carrier type dependent. Figure 2] shows the general scheme of the
re-mediation process.

The re-mediation process requires a combination of conceptual, technical and
also manual skills that result in a complex professional profile. Besides, during
the process things can go wrong in very many ways. Therefore, each procedure
was divided into simple tasks, described by a separate workflow, and each block
is extensively commented. Exceptions are managed, and the precision of the

RE-MEDIATION PROCESS

Before playback
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Fig. 2. General scheme of the re-mediation process, from the original carrier to the
preservation copy
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Fig. 3. Example of flowchart, describing procedure 1.1.1 (Preparation of the carrier —
Physical documentation — Pictures of the document) mentioned in Section [3l Blocks
marked with double lines (such as 1.1.1.2) are sub-functions with a separate description.
Each block is extensively commented and exceptions are managed.
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descriptions is as rich as possible in order to reduce the indecision that comes
from the large variety of carriers and the numberless combinations of symptoms
presented by the carriers.

Figure Bl provides an example of a very simple workflow: it represents the
step 1.1.1 of the process (Preparation of the carrier — Physical documentation
— Pictures of the document). In the notation adopted by the project reports,
blocks marked with double lines are sub-functions described separately.

The structure of the workflow in Figure Blis straightforward, but the example
is representative because the aim of the document is to provide precise descrip-
tions of each task. To achieve this goal, visual material and notes are associated
to the blocks, with several references to separate sections where more material is
presented and commented. This workflow describes the physical documentation
of the carrier, and it comes with a section where guidelines for visual documen-
tation of cultural heritage are presented [6], along with suggestions for the setup
of a photographic workspace and a number of warning and tips that make a
difference in the quality of the output data.

If all of the workflows reach the end successfully, the re-mediation process is
complete. The expected output is a preservation copy of the original document,
of which a general description is provided in the next Subsection.

4.1 Preservation Copy

The preservation copy (or Archive copy) is defined in [8] as the “artifact desig-
nated to be stored and maintained as the preservation master. ...Such a des-
ignation means that the item is used only under exceptional circumstances.” In
concrete terms, the preservation copy is a data set that groups all the informa-
tion carried by the original document. This is not limited to the audio signal,

audio signal
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2" level: file format specifications

V' pictures, re-mediation

contextual information system technical scheme

metadata

o
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Fig. 4. Logical representation of the elements contained in a preservation copy
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but it comprises metadata and contextual informatiOIE, that is a complete doc-
umentation of the physical carrier and the accompanying material, plus a set
of metadata that are are produced during the re-mediation process. Figure [
shows the logical representation of a preservation copy. For further descriptions
and background, see [3].

5 Automation

A quality re-mediation of audio documents requires specialized infrastructures,
multi-disciplinary trained personnel for preservation and long-term maintenance,
resulting in a system of resources that not all archives in the real world are able
or willing to afford. This entails that many institutions may start digitization
campaigns with technological makeshifts and inadequate methodologies, result-
ing in invalid documentary corpora. To avoid this risk, it is important to make
cultural actors aware of the consequences of an uncontrolled use of technology,
and thus to encourage them to maximize the quality of their preservation pro-
gramme, according to the international standards and best practices.

Where applicable, automation is often a good solution to the problem of
reducing costs. Moreover, automation brings several benefits that go beyond
simple task delegation. It allows to minimize mistakes, perform (cross-)controls,
and it allows people to concentrate on higher level tasks with better attention.

In this sense, automation can be of great help in preservation programmes
both at local and national scale. However, it is to be noted that there are some
crucial steps in the re-mediation process that are likely to remain refractory
to full automation, such as the analysis and handling of the original carrier
before playback. Nevertheless, some tools supporting semi-automation will be
mentioned later in this paragraph.

In this context, automation mainly applies to:

1. procedures and tasks of the re-mediation process;
2. large sets of data consisting in audio and metadata (i.e., output of remedia-
tion process).

During the REVIVAL project, some utilities have been developed to perform
controls over the entire collection of preservation copies and to automatize time-
consuming and low-level tasks that are intrinsic in any archival routine.

The utilities were developed in Java ﬁ, because i) the workstations of the
archive mount different OS and Java allows cross-platform compatibility as well
as high-level abstraction from the physical machine, and ii) fast code develop-
ment and a large availability of libraries are necessary to design, implement and
test the tools during the short life-cycles of a project.

2 In this context, the term “metadata” refers to the content-dependent information
that can be automatically extracted from the audio signal, and “contextual infor-
mation” to the additional content-independent information.

3 Java Version 1.6.0 24.
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Although some of the tasks implemented by the utilities are not audio specific,
meaning that some of them could be performed with a generic piece of free soft-
ware, they got integrated in a tool especially designed for audio digital archives
with the consequence that the level of automation got increased. At the same
time, path variables and serialized objects have been kept as general as possi-
ble, making it easy for other archives to benefit from these tools in preservation
programmes based on a similar approaches.

The personnel of the Fondazione Arena was asked for feedback during the
development of each utility, defining the tasks that needed to be automated or
controlled out of the real work in the laboratory. Another concern was that the
utilities would be easy to use for people with little or no computer skills, which
is often the case of archive personnel. Each piece of software was provided a GUI
(an example is shown in FigureBl) and it can be launched by clicking on an icon
as most desktop applications.

1. Utility to perform controls on the entire collection of preservation copies,
searching for: empty directories, missing directories, anomalous directories,
mismatch in file names and file formats, missing checksums.

2. Utility to rename audio and visual data pertaining to a preservation copy
(based on a drag-and-drop interface).

3. Utility to perform a control on the checksums of the entire collection of
preservation copies and calculate the missing ones (grouped in a single file

REVIVAL - Utility MD5

REVIVAL

Utility checksum REVIVAL

Fondazione ARENA DI VERONA

Working directory: |,I'ArchivefArena,f REVIVAL/cc/ab |

Changedirectory ) { Stat ) ( Reset ) ( Quit )

CASabR0O01_01.wav - dad4d2121dbf41337fe8250eea27c4aBd
CASabRO01_02.wav - 229f2847d7b7ac4af4b6ab3402e28524
CASabRO0O1_03.wav -

Visited folders: |665 |of (1417 | 42%
Processed audio files: (1709 | of 3108 | b5
Checksums calculated: [396 | of (1417 | —— 28%

Fig. 5. One of the software tools developed for the Fondazione Arena di Verona
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according to the structure of the preservation copy). Figure Bl shows this
utility at work.

4. Utility for the long-term maintenance of the archive: it re-calculates the
checksum of the audio files in each preservation copy and confronts it with
the existing one.

Future work includes the integration of the functionalities described above into
an independent work panel, in order to assist the personnel all along the re-
mediation process. Besides the benefits of automation mentioned at the begin-
ning of this Section, the work panel would ensure that procedures are carried out
according to the protocol discussed in Section d and it would help dealing with
problems and exceptions. The work panel would be able to extract and insert
the data directly from a database, allowing i) additional cross-controls over the
audio archive and the database; and ii) decreasing the possibility of introducing
mistakes when a new record is created. A prototype implementing JHOVH] for
metadata extraction is currently under test.

6 Conclusions

This article described the process of re-mediation for audio documents and
pointed out the reasons why it is necessary to define procedures and perform
controls on the process of A/D-D/D transfer and the subsequent management of
digitized/digital data. In particular, the experience of the REVIVAL project was
presented, with a description of the adopted methodology and the software tools
that were developed to perform controls on the collection of preservation copies
and to automatize time-consuming and low-level tasks have been described. The
personnel of the archive of the Fondazione Arena di Verona got involved in each
step of the process, and the software tools were progressively integrated in the
archival routine. These tools will still be used after the end of the project, thus
ensuring that the scientific protocol is maintained in the future.
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