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This paper approach a similar concept to chromatic
reintegration in art conservation, describing the devel-
opment and use of an online tool to allow sound rein-
tegration of any digitized audio to make it sound like a
primitive recording. Instead of visually reconstructing
missing or damaged sections of an artwork, the main
goal is to filter and process the audio files to emulate
recordings made with different audio recording, thus
reproducing devices, such as a phonograph, a gram-
ophone, and a wire magnetophone. In addition, the
sound reception with an old Galena radio (the first radio
receivers), a bakelite telephone or a morse code radio-
telegraph is emulated, bringing the intangible and tech-
nological cultural heritage closer to new generations
through this experience.

This application, developed by the Museum of Telecom-
munications History Vicente Miralles Segarra of the Poly-
technic University of Valencia, is currently accessible
online at https://museotelecomvic.webs.upv.es/dem-
ostradores-tecnologicos/.
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INTRODUCTION

The Museum of Telecommunications Vicente Miralles Se-
garra of Universitat Politecnica de Valéncia is a small uni-
versity museum. The museum is located in the School of
Telecommunications Engineering of the university, and it
is devoted to technological heritage, since it preserves all
kind of artifacts related to telecommunications.

The objects of telecommunications are a clear example of
technological and intangible heritage, which share some
common characteristics. These objects are destinated for
social and cultural usage, since distance communication
has been a human need for a long time, and it conforms
a set of trends in the social and cultural life of a commu-
nity. They are appreciated beyond their functionality, as
their aesthetic value or their historic value. Likewise, they
present a diversity of materials, which made their conser-
vation a challenging task. Moreover, they are considered
complex objects and sometimes ephemeral, further-
more, sometimes they are very fragile, and their regular
use would damage them. Furthermore, these objects are
linked to human emotional experiences, people remem-
ber speaking to their relatives with a dial phone, watching
TV, listening to an old radio transistor, or the first mobile
phone they have used. Last but not least, these objects
act as support for intangible heritage, likewise wax cyl-
inders or celluloid films that contain recorded sound or
images (Rion, 2010).

The objects of technological heritage have a particular
feature that made them different from other artifacts, it is
their functionality. These objects cannot be read without
their function, it is critical for understanding them, but
when an object is exhibited in a museum, this function is
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usually lost. Furthermore, sometimes, the object is very
fragile and operating it may damage it or sometimes it
needs to be restored, i.e. substituting broken, malfunc-
tioning or missing parts by new ones. This is a delicate
process from the point of view of restoration, since not
always the parts are available (especially in the case of
electronic components) and they must be substituted
by modern ones. Eventually, the restoration process
can result in an anachronic reintegration of parts, which
jeopardizes the historical integrity of the artifact. In other
cases, small museums do not have specialists in the spe-
cific technology of each artefact, making it impossible for
them to provide adequate restoration. (Ullate Estanyol,
2015).

In the Museum of Telecommunications, we faced these
same problems with many of our artifacts. But we under-
stood that with the audiovisual objects the issue could
even be more problematic. Audiovisual artifacts (such
as videocameras, TV receptors, radio receptors, gram-
ophones, tape recorders, etc.) are used to be objects of
common use, very linked to personal experiences and
with a strong emotional load. The specific way a music
fragment sounded on a gramophone could give a bunch
of memories to a whole generation of people (Giménez
& Cibrian, 2015). So that, recovering those feelings and
preserving them for future generations was the object of
this work. Therefore, the work was focused on the devel-
opment and use of an online tool that allows the sound
reintegration of any digitized audio to make it sound like

a primitive recording.

The reintegration of old audio recordings through digital
processing, to minimize noise, the effects of the degrada-
tion of the support or restore lost parts is a common tech-
nique among professionals in the audiovisual world and
has been widely studied.

However, professionals in scientific, technological or
ethnographic heritage museums face additional prob-
lems. When one takes a historical tour at audio recording
techniques, equipment and media, it is difficult to under-
stand what those old recordings were like. Some muse-
ums have few primitive recordings, in other cases they do
have many, but these remain on their physical supports
because the equipment to reproduce them is not avail-
able due to their wear out, and, even in the cases in which
both the supports and the equipment are available, their



fragility discourages reproducing them continuously (In-
diana University, 2021).

There are libraries with primitive audio recordings, but
they have both catalogue and technological limitations.
(National Film and Sound Archive of Australia, 2016). So,
itis not an easy task for a museum to offer the experience
of listening to an old audio recording for its visitors, even
less to create new recordings with primitive techniques
to compare, study or simply understand what the audio
recordings sounded like.

Since it was difficult to make this audio recordings avail-
able in the physical world, the natural path is to provide
the experience in the virtual world (AMETIC, 2018).

EXPERIMENTAL

The objective of the sound reintegration project is to de-
velop an online tool that allows sound reintegration of
any digitized audio to make it sound like a primitive re-
cording. To achieve this aim, the audio files are filtered
and processed to emulate recordings made with different
audio recording technology or received through ancient
audio receivers. The tool is available in the Museum of
Telecommunications web and the users can interact with
them uploading the desired audio and getting the pro-
cessed output. The end result of the work it to bring the
intangible and technological cultural heritage closer to
new generations through this experience.

Materials

The devices which are emulated can be divided into
playing devices (i.e. devices to play recorded audios on
a physical support) and sound reception devices (i.e. de-
vices used to receive an audio signal).
+ Playing devices:
- Phonograph
- Gramophone
- Wire magnetophone.
+ Sound reception devices:
- Old Galena radio (the first radio receivers)
- Bakelite telephone

- Morse code radiotelegraph

Concerning the sound effects applied to the digital au-
dios, it has to be said that, although each device has

different sound characteristics, the effects applied have
a common base (changing certain parameters for each
case). Below are the main effects used in the algorithms
(Cases Molés, 2015):

« Header: when each of the devices was operated to
receive and/or reproduce audio, these devices pre-
sented a series of characteristic sounds produced by
the movement of the clockwise wind, the gears, the
winding of the tape, the ringing bell or the vacuum
tube tuning sound. These sounds have been taken
from original fragments and are introduced at the be-
ginning of the corresponding audio.

Stereo-mono conversion: most digital recordings
today consist of 2 channels (stereo), but this has not
always been the case. At the beginning of the ana-
logue audio recording and reproduction (late 19th
century) only one channel (mono) was used. It was
not until 1930 that stereo recording and playback
was patented. Therefore, to achieve a realistic sound
effect through our algorithms we have to do a stereo
to mono conversion of the audio digital input. Thus,
we average the two digital channels (stereo) to obtain
a single channel (mono).

Digital filtering: in current recording and playback
equipment we can have a very large recording and
playback bandwidth (they can reach a bandwidth
greater than 20 kHz). On old analogue equipment
(like the ones we are dealing with) this was not pos-
sible. In them, the bandwidth limitation was given
by the recording method, but also due to the repro-
duction media that were used (normally magnetic
together with horns). Each of the chosen devices has
a frequency response characteristic. Therefore, re-
cordings from the different devices were analyzed to
obtain its frequency response and be able to design
digital filters that achieve a suitable response for the
output audio from the algorithm.

Amplitude distortion: distortion is one of the typi-
cal effects introduced by analogue recordings. In our
case, we have used a distortion in amplitude that
makes the reproduction more similar to what would
be obtained with the museum devices. To obtain the
said distortion, a mathematical formula is applied

o

Without distortion
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Fig1. Effect of amplitude distortion on a 100 Hz sinus signal.
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that causes the input amplitude values to have val-
ues closer together, thus having a lower richness of
amplitudes in the distorted output. Fig. 1 shows the
amplitude distortion applied to a sinus signal.

« Wow and Flutter: the cyclical variations in the play-
back speed of physical media cause the wow and
flutter effects in analogue devices. This phenome-
non causes a frequency modulation, which causes,
in wow, a slight variation in the sampling frequency
with which the audio is reproduced. As for the flutter
effect, this is caused by frequency deviations higher
than those of wow, reaching the order of 100 Hz - 500
Hz, as a consequence of faster playback speed varia-
tions (Z6lzer, 2011).

+ Noise: to obtain the characteristic noise of each de-
vice, the Additive White Gaussian Noise (AWGN) is
filtered predictively to obtain a spectral distribution
very similar to that of the audio that you want to em-
ulate. Thus, if we have a fragment of noise from an
old device, we can use it to develop the filtering that
will be applied to the input audio, thereby obtaining
an output audio with a noise spectral distribution
very similar to that of the original fragment. With this
tool we can simulate the characteristic noises of each
one of the devices. Likewise, subsampling has been
carried out with a rate of 44100 Hz for the processing
of the audio tracks, so that the quality is more similar
to that of an original playback/reception.

Methods

Playing devices:

Phonograph (Fig. 2). The first phonograph prototype
was stated by Thomas Alva Edison in 1877. From the first
moment, it constituted a true technological revolution,
given that it was the first device capable of recording and
reproducing the human voice. It consists of a receiver, a
recorder and a player. The receiver is nothing more than
a conical horn at the apex of which there is a metal mem-
brane. The sound waves entered through the horn, which
concentrated them on the membrane, which serves as a
diaphragm, and is attached to the center through a nee-
dle. The movements perceived by the membrane were
transmitted to the needle, which recorded the sound
pressure detected on the surface of a cylinder that was
initially made of paper, but over time evolved towards
wax and, later, celluloid.
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For sound reproduction the system worked the opposite.
A previously engraved cylinder was introduced into the
system and the needle was made to follow these grooves.
In this way, the oscillations were transmitted to the dia-
phragm membrane in the form of vibrations, and then

converted into sound waves and amplified by the horn.

Fig2. Phonograph and wax cylinders. ©Museo Telecom UPV

Characteristic effects:

1. Header. The header applied to the digital audio
corresponds to the sound made by the wind of the
clockwise mechanism.

2. Stereo-mono conversion.

3. Flutter. Since the speed of rotation of the cylinder
on the stylus of the phonograph is not perfectly con-
stant, causing a small frequency modulation that
gives rise to flutter. In the algorithms, 100 Hz has
been established as the repetition frequency for this
effect. This effect causes a certain randomness and
a slight metallization of the sound.

4. Amplitude distortion. The aforementioned ampli-
tude distortion is applied to try to reduce the num-
ber of amplitudes (the richness of amplitudes in the
interval). The compression parameter used varies
randomly at each instant of time, its maximum value
being 30.

5. Bandpass filtering (Fig. 3). The limitation in the
main bandwidth of the phonograph is given by
the recording medium, but also by the response
of the speakers that were used together with the
phonograph. In this way, the response used to
be good in the range of 400 to 2000 Hz. There-
fore, we have applied the filter whose frequency
response we can see in Fig. 4 to the input aud
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Fig3. Frequency response of the band pass filtering for phono-
graph.

6. Periodic noise. The mechanism that the phono-
graph has to rotate the cylinder (thus causing the
stylus to move across its surface) is made up of
gears and ribbons. This mechanism produces a pe-
riodic noise that is very difficult to simulate using
digital signal processing procedures, which is why
it was determined that the best solution was to ex-
tract a complete period of the said noise from one
of the recordings available and repeat it periodically
throughout the entire reproduction, multiplying by a
random amplitude for each period.

Gramophone. The differential characteristic of this new
instrument was its ability to record and reproduce sound
on a flat disc, which distinguished it from other previous
systems such as, for example, the phonograph, which
used a cylinder as a physical medium. The gramophone
reproduced sound with higher quality, although it had
the serious disadvantage that users could not make their
own recordings with music or voices, as was the case with
the phonograph cylinders.

The gramophone mainly consists of a turntable, a mov-
able arm that holds the reading stylus at the end, and
an amplifier (Fig. 4). The disc on which the sound is re-
corded is made of Bakelite which, unfortunately, caused
it to break easily. The turntable is a flat, circular support
on which the disc rests and which rotates at a constant
speed.

Regarding the disc recording system, itis an analogue pro-
cedure according to which sound waves are transformed
into mechanical vibrations that are transmitted to a plec-
trum, causing spiral-shaped grooves to be drawn on the
surface of a metal disc or waxy. These discs have to be

subsequently treated by chemical means. Thousands of
copies could be made with a single original mold. During
playback, the stylus arm is dropped onto the record and
runs along the grooves, producing mechanical vibrations
that are transmitted to a diaphragm located in the play-
back head of the arm. In the playback head, the vibrations
are finally transformed into sound, emitted and amplified
through a speaker.

Fig4. Gramophone with shellac disc. ©Museo Telecom UPV

Characteristic effects:

1. Header The header applied to the digital audio
corresponds to the sound made by the wind of the
clockwise mechanism.

2. Stereo-mono conversion.

3. Wow. This effect usually occurs because the needle
is not completely centered in the groove of the re-
cord and therefore the speed with which the needle
passes through the groove is not constant within a
single revolution. As gramophones usually had a
rotation speed of 33 rpm, to make the effect more
realistic we have made the repetition period of the
wow coincide with said speed. Thus, we will have a
repetition frequency of 0.55 Hz.

4. Amplitude distorsion. In this case, we have used
amplitude distortion to reduce the dynamic range
of the input audio, seeking that the relationship be-
tween the peak power and the average power of the
processed audio is not greater than a factor of 25.

5. Band pass filtering. The bandwidth of the gramo-
phone goes from 350 Hz to 2900 Hz. Thus, we have
applied the filter whose frequency response we can
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Noise. To simulatethe noiseintroduced by the gram-
ophone we analyzed the noise of the real device and
obtained the filter response in Fig. 5.(b). This filter
applied to AWGN noise provides a noise with the
same spectral distribution as the original. To obtain
the most realistic noise possible, it was decided to
fragment the noise into 100 ms frames by applying a
random amplitude to each of these frames.
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. (a)Frequency response of band pass filtering for gramo-

phone. (b) Noise filter response for gramophone.

Wire magnetophone. The wire magnetophone was the

first
ized

magnetic sound recording device to be commercial-
(Fig. 6). The operation of the device is based on a

metal wire that is magnetized through an electric magne-

signal is amplified and its variation induces a magnetic
field that, crossing a gap in the vacuum in the magnetized
material, creates patterns that are recorded through the
orientation of the magnetic dipoles. For playback, the
magnetism stored in the wire is converted into electrical
current, which powers a speaker.

Fig 6. Miniaturized wire magnetophone. ©Museo Telecom UPV

Characteristic effects:

1. Heather. The header applied to the digital audio cor-
responds to the sound made by the tab that fixes the
wire to the coil.

2. Stereo-mono conversion

3. Flutter. Since the rotation speed of the wire tape re-
corder motor is not constant, producing small speed
variations, we have to consider the Flutter effect for
the simulation of this device. In this case, a repeti-
tion rate of 80 Hz has been selected.

4. Amplitude distortion. Magnetic recording on a wire
had many limitations. One of them is precision in the
amplitude of the recorded audio, which is why we
use the amplitude distortion effect with a limitation
of 8.

5. Band-pass filtering. The response of the wire tape
recorder has been approximated with a band-pass
filter whose lower cut-off frequency is 200 Hz and the
upper cut-off frequency is 5 kHz. In Fig. 7.(a) you can
see the aforementioned frequency response.

6. Noise. To simulate the noise of the wire magneto-
phone, the noise has been analyzed, obtaining the
filter whose response we can see in Fig. 7.(b).

tophone with a circular head. The acoustic wave is trans-
formed by a microphone into an electrical signal, this
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Fig 7. (a)Frequency response of band pass filtering for magneto-
phone. (b) Noise filter response for magnetophone.

Sound reception devices

Bakelite telephone. When the Ericsson Bakelite tele-
phone [fig. 8] was first distributed around the world in the
1930s, it was called the Swedish-type telephone and set
the standard for what a modern plastic telephone should
look like. Bakelite was the perfect material for telephones
of the time. Basically, they can be molded into any shape
possible, even soft, ergonomic shapes are preferred. The
material is homogeneous, uniformly coloured and hard,
with a beautiful shine. The change from metal to Bake-
lite has allowed manufacturing times to be reduced, from
one week to seven minutes, the time it took for the hot
molding compound to cure and then the components
were ready for assembly. The response of these devices
(both their speaker and microphone) is designed only for
voice and not for music, thus, the band eliminated from
their response begins at 3000 Hz approximately (Ericsson,
2022).

Fig 8. Ericsson Bakelite telephone ©Museo Telecom UPV

Characteristic effects:

1. Header. The header applied to the digital audio cor-
responds to the sound made by the ring of the tele-
phone bell.

2. Stereo-mono conversion.

3. Band pass filtering and noise. Since the audio gen-
erated by the Bakelite phone was available when
the input audio was AWGN noise, we were able to
obtain the filter that models the behavior of the
phone, whose response we can see in Fig. 9. Once
the response is known from the phone, we just have
to add the input mono signal with AWGN noise (with
the appropriate Signal to Noire Range, in our case 60
dB) and filter said sum with the filter obtained, ob-
taining the desired signal. As can be seen the band-
width of the filter goes from 200 to 3400 Hz.

Gain (dB)

-100 [

I I I I I I I I I
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000

Frequency (Hz)

Fig 9. Frequency response of band pass filtering and noise for

Bakelite telephone.
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Radio receptor. Radio receivers worked with vacuum
tubes or valves commonly known as lamps [fig. 10]. In
its beginnings, in the 1920s, this was a very rudimentary
technology capable of generating little signal volume. Ra-
dios used to feature a gradual centesimal dial for tuning,
which made the tuning with regard to selectivity and sen-
sitivity very difficult.

In the following decade, radio devices improved, both in
the quality of the sound received and in their tuning. In
addition, they were connected to the electrical grid and
did not need batteries. They were perceived as just an-
other piece of furniture in the house.

Fig 10. Galena radio receptor. @Museo Telecom UPV

Characteristic effects:
1. Header
2. Stereo-mono conversion

3. Band pass filtering. The response of the radio re-
ceiver has been approximated with a band pass fil-
ter whose lower cut-off frequency is 200 Hz and the
upper cut-off frequency is 2 kHz. Fig. 11.(a) shows
the aforementioned frequency response.

4. Noise. The noise introduced by the radio receiver
has very specific characteristics. Therefore, it was
decided to filter the AWGN noise directly with a rep-
resentative noise sample, thus achieving the desired
noise. Fig. 11.(b) shows the frequency response of
the samples used to perform the filtering (in this
case a sample by a Marconi Transceptor was used
since it was the one available).
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Fig 11. (a)Frequency response of band pass filtering for radio
receptor. (b) Noise filter response for radio receptor.

Morse radio receptor. The electric telegraph was the
oldest way of modern telecommunications. Among the
different telegraphs developed during the XIX century,
Morse telegraph was the most widely adopted (Fig. 12).
Morse code, also known as the Morse alphabet, is a sys-
tem of representing letters and numbers using signals
emitted intermittently. A Morse message could be re-
ceived by wire, usually with equipment that printed it on
a strip of paper, or by radio, with an acoustic receiver.

Fig. 12. Morse telegraph key. ©Museo Telecom UPV



Characteristic effects:

Morse coding. To encode text messages, the Morse coding
table (Fig. 13.(a)) has been used, a standard supported by
ITU-R and that has been in use since 1844 (International
Telecommunication Union, 2009). Fig. 13.(b) shows the
temporal response of the long and short interval that has
been used for transmission simulation. As can be seen,
the duration of the short interval is 140 ms, while the du-
ration of the long interval is 375 ms.

International Morse Code

1. The length of a dot is one unit.

2. A dash is three units

3. The space between parts of the same letter is one unit.
4. The space between letters is three units.

5. The space between words is seven units.
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Fig 13. (a) International Morse Code. (b) Temporal response of a
dot (blue) and a slash (orange).

9 respuestas

| like the design of the application
| think the processed audio is
close to the real sound produce...

I find the audio processing quite
fast

| found the application
entertaining

| would talk about this app to my
friends

0 1 2

2 (22,2 %)

Fig. 15. Subjective views of the application users

RESULTS AND DISCUSSION

Following the development of the application, it was in-
tegrated into the museum’s website and made accessible
to the general public. (Voronov, 2022).

uNveRstTAT
@ i MuseEo DE LA
_reLEcoM TELECOMUNICACIAN
“urv e VICENTE MIRALLES SEGARRA ﬁ

INICIO EL MUSEO + VISITAS ~  PARA SABER MAS ~ DONACIONES v  ENLACES CONTACTO

Conoce nuestras apps

Audio en la nube

El proyecto de audio en la nube pretende mostrar cémo sonaban diferentes equipos de transmision, grabacion y reproduccin de
audio que estan presentes en el Museo. Para ello se uiliza el procesado de sefial en tiempo real sobre la pista de audio que el
usuario elija. De esta forma podremos escuchar el sonido que reproducia un teléfono de baquelita, un fonégrafo, un graméfono, un
magnetsfono de hilo, un manipulador morse o un equipo de radiocomunicaciones antiguo.

La aplicacién permite seleccionar el equipo de una lista y una pista de audio de cualquier fichero .wav o .ogg para hacerlo sonar, el
tamafio del fichero de audio debe ser menor de 10 Mbytes. En el caso del codificador Morse seré el texto que escriba el usuario el
que se codifique y emita, este texto debe ser menor de 400 caracteres, mayisculas o minGsculas sin acentos.

baquelita v
Examinar..) vivav

> o 0:00

Los primeros teléfonos de baquelita empezaron a fabricados por la comparia Sueca Ericsson
en 1931. Este tipo de dispositivos supusieron un gran avance en Ia telefonia fija y fueron los.

teléfonos mas comunes y usados durante mas de medio siglo.

Fig. 14. The application of online audio processing on the
museum website https://museotelecomvlc.webs.upv.es/
demostradores-tecnologicos/

In addition, a short satisfaction survey was carried out to
check whether the application worked well on different
platforms and whether users found it interesting. Only 10
answers were received, but some results are valuable.

Concerning the type of device used to access the applica-
tion, 70% used a mobile phone and 30% used a PC. Con-
cerning the web browser: 60% used Google Chrome, 20%
used Microsoft Edge, 10% used Mozilla Firefox and 10%
used Safari. Regarding the Smartphone model: Oppo
AT4, Huawei p30 pro, Xiaomi POCO F3, Xiaomi Mi A2, IP-
hone 11, Xiaomi 11pro and Samsung A70 were used.

The users reported that none of the options have failed
during the operation. Concerning more subjective as-
pects, the users reported the following (Fig.15):

6 (66,7 %)

6 (86,7 %)

EGRATION: AUDIO PROCESSING TO KIVE THE EXPERIENCE OF PRIMITIVE RECORDINGS

47



48

CONCLUSIONS

This approach parallels the concept of chromatic reinte-
gration in art conservation, where missing or damaged
areas are visually reconstructed to restore the overall aes-
thetic integrity of an artwork. The use of online applica-
tions to emulate the functioning of technological heritage
artefacts can be a solution for museums that want to offer
such an experience to their visitors. In this way the ob-
jects recover, even virtually their functionality, thus mak-
ing possible an integral understanding of the heritage.

The logical extension of this work would be to develop
dedicated software to emulate old video recordings. The
reception and/or playback technologies may be virtu-
ally simulated, so that any fragment of a digital video file
would look it has been filmed with a cinematographic

» o«

format “Super -8”, “35 mm film”, etc. or would have been
received on a black and white or colour analogue tele-
vision. This digital reintegration of visual characteristics
mirrors the principles of chromatic reintegration in con-
servation, where the goal is to restore the visual coher-

ence of an object while respecting its historical integrity.

Just as conservators-restorers carefully choose tech-
niques and materials for chromatic reintegration to en-
sure reversibility and distinguishability, when developing
these emulation technologies it is necessary to strive for
accuracy and transparency in their digital reconstruc-
tions. This approach ensures that while the heritage ob-
ject’s functionality is virtually restored, its historical au-
thenticity is maintained, aligning with core principles of
conservation and restoration.

REFERENCES

AMETIC. (2018, May 8). La revolucion digital llega a los museos
espafioles. https://ametic.es/es/prensa/la-revolucion-digi-
tal-llega-los-museos-espafioles

Cases Molés, V. (2015). Aplicaciones de audio en la nube para el
Museo de la Telecomunicacion “Vicente Miralles”, (Audio on the
cloud), Universitat Politecnica de Valencia.

Ericsson. (2022). The Bakelite Telephone 1931. Retrieved April
10, 2023, from: https://www.ericsson.com/en/about-us/history/
products/the-telephones/the-bakelite-telephone-1931

Giménez, A., & Cibrian, R. M. (2015) Conservacion y recuperacion
del patrimonio sonoro material e inmaterial de la Comunidad
Valenciana. 46° Congreso Espafiol de AcUstica, Valencia.

Indiana University (2021). Media Digitization and Preservation

CARMEN BACHILLER| ALEKSANDR VORONOV | VICENT MOLES-CASES | BEATRIZ DOMENECH

Initiative. Retrieved June 19, 2021, from: https://mdpi.iu.edu/
index.php

International Telecommunication Union. (2009, 26 November).
M.1677: International Morse code. Retrieved February 6, 2022,
from: https://www.itu.int/rec/R-REC-M.1677-1-200910-1/

National Film and Sound Archive of Australia (2016, ago. 09).
About the National Film and Sound Archive. Retrieved June 16,
2021, from: https://www.nfsa.gov.au/about

Rion, R. (2010). La problemética de la conservacién del patrimo-
nio intangible. Her&Mus. Heritage & Museography, 5(3), 78-82.

Ullate Estanyol, M. & De Bara, A. (2015). La conservacion y la
restauracion de los documentos sonoros: hechos tangibles e
intangibles. Unicum (14), 230-238.

Voronov, A (2022). Migracion a JavaScript de funciones desar-
rolladas en Matlab para su ejecucion sobre el cliente web. BSc
Thesis. Universitat Politenica de Valéncia-

Z0lzer, U. (2011). DAFX: Digital Audio Effects, John Willey & Sons
Ltd.

AUTHORS

Carmen Bachiller

Has been a Telecommunications Engineer since 1996 and
a PhD in Telecommunications since 2010 from the Poly-
technic University of Valencia (UPV). She worked from
1997 to 2001 at the company ETRA I+D as an engineer for
R&D projects. In 2001 she joined the Department of Com-
munications of the UPV as an associate professor and has
been a full professor since 2011. She teaches Electromag-
netism Theory. Her current research interests comprise
the study of electromagnetism for communications and
the technological heritage. He has participated in 45 re-
search projects, teaching projects and technological her-
itage studies, as well as 4 exhibitions. She is co-author
of 38 research articles, 71 conference publications, and
one patent. She is currently the Curator of the Museum
of Telecommunications History Vicente Miralles Segarra
atthe UPV.

ORCID: 0000-0002-5518-5060



Aleksandr Voronov

Has received his BSc in “Telecommunications Technol-
ogy and Services Engineering” from the Polytechnic Uni-
versity of Valencia (UPV) in 2021. Currently, he is studying
MSc in “Communications Technologies, Systems and
Networks”. His current research interests comprise the
study of electromagnetism, microwave engineering and
additive manufacturing.

(ORCID: 0009-0008-4508-4400)

Vicent Molés-Cases received the M.Sc. degree in tele-
communication engineering from Universitat Politecnica
de Valéncia (UPV), Spain, in 2016. He is currently a Ph.D.
Student at the Institute of Telecommunications and Mul-
timedia Applications (iTEAM) of UPV. From 2016 to 2017,
he was a Research Engineer at Ericsson, Sweden, where
he worked on concept development and standardization
of 5G NR. In 2016, he received the award for the best M.Sc.
thesis in Innovation for the Networked Society by the
chair of the Official College of Telecommunications Engi-
neers of Spain. His research interests include sound field
control, loudspeaker array processing, and physical layer
design for digital communications.

Beatriz Doménech.

PhD in Conservation and Restoration of Cultural Heritage
from the Universitat Politecnica de Valencia (UPV), she
currently works as a conservator and restorer in the Art
Collection and Heritage Department of the same univer-
sity (UPV). In recent years she has actively participated in
a large number of conservation and restoration projects
in collaboration with the Instituto de Restauracién del Pa-
trimonio (IRP) of the UPV, as well as in national and inter-
national congresses and seminars. His research focuses
on chromatic reintegration in easel painting, contribut-
ing, through articles and papers, different studies related
especially to light sources and the interference they gen-
erate in the reintegration processes.

(ORCID 0000-0001-8783-0936)

@UEl

This work is licensed under the Creative Commons Attribu-
tion-NonCommercial-NoDerivatives 4.0 International License.
To view a copy of this license, visit http://creativecommons.org/
licenses/by-nc-nd/4.0/deed.en.

ON: AUDIO PROCESSING TO KIVE THE EXPERIENCE OF PRIMITIVE RECORDINGS

49



