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Abstract

In the Czech Republic, the Sound Laboratory of the National Museum has recently ex-
panded its preservation workflows for damaged historical sound recordings through
the use of optical scanning technologies. Since 2023, the INA-Saphir system has been
employed to digitise lacquer discs that cannot be safely played using conventional me-
chanical methods. This approach enables the recovery of audio content from severely
degraded media, including cracked, delaminated and fragmented discs; and supports
the long-term preservation of vulnerable broadcast recordings from the World War |I
period.

This article presents a case study of wartime radio recordings by Jifi Voskovec and Jan
Werich, produced during their exile in the United States for overseas broadcasting to oc-
cupied Czechoslovakia. Originally recorded on lacquer discs under wartime conditions,
many of these carriers exhibit typical forms of material degradation that significantly
limit their playability and accessibility today. Focusing on practical preservation experi-
ence, the article outlines the key stages of the optical digitisation process, from initial
material assessment to signal reconstruction and the successful audio recovery. Rather
than providing a purely technical description, it highlights selected approaches derived
from hands-on work with the Voskovec and Werich recordings, with an emphasis on
handling fragile discs, informed decision-making and the role of material analysis in
planning preservation strategies.
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Introduction

The sound collections of the National Museum — Czech Museum of Music preserve a
unique group of lacquer discs containing recordings of the Czech comic duo Jifi Voskovec
and Jan Werich (hereafter V&W), made during World War Il in the United States. Although
the collection comprises only 121 sound carriers, it represents one of the most valuable
parts of the National Museum’s sound holdings, forming part of a group of unique non-
commercial sound documents associated with major figures of Czech culture and their
estates, including Alois Haba, Josef Bohuslav Foerster and Zbynék Vostrak (National
Museum 2009, 38). Since 2018, the team of the National Museum Sound Laboratory has
been systematically engaged in historical, technological and material research of this
collection, as well as in the study of related archival and museum sources containing
documents from the World War Il radio activities of V&W.

This article aims to illustrate both the scope and depth of this research and preservation
work through a combination of archival research, physical care and digitisation practice,
and is structured in two main parts. The first part outlines the historical context and
research background that led to a renewed engagement with the collection. The second
part presents a practical case study focusing on the preservation of a single, severely
damaged lacquer disc from this collection. This case study documents a multi-layered
preservation workflow applied at the National Museum Sound Laboratory, combining
historical and archival research, digitisation practices and material analysis of the sound
carriers to assess decisions and develop housing and long-term storage solutions. The
digitisation component places particular emphasis on non-contact optical transfer us-
ing the INA-Saphir system.

Voskovec and Werich in the Context of World War 11

V&W (Figure 1) occupy a prominent place in Czech cultural memory. As leading repre-
sentatives of the avant-garde Liberated Theatre, which by the 1930s had become explic-
itly anti-Nazi, they played a key role in modern Czech culture. Shortly before the Nazi
occupation of Czechoslovakia in March 1939, Voskovec, Werich and composer Jaroslav
Jezek left for exile in the United States, where during World War Il they became actively
involved in overseas radio broadcasting directed against Nazi Germany.

From a research perspective, V&W’s wartime radio activities can be divided into three
main phases: an initial experimental phase in 1939 connected with the World Radio
University Listeners (WRUL) shortwave station; a longer and discontinuous collaboration
with the British Broadcasting Corporation (BBC) beginning in 1941; and a more system-
atic involvement with American federal institutions, first the Office of the Coordinator
of Information (COI) and later the Office of War Information (OWI), from 1942 onwards.
All these activities formed part of a broader framework of anti-Nazi propaganda aimed
at strengthening the morale of listeners in occupied Europe and encouraging active
resistance.
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Figure 1. Voskovec and Werich during a wartime radio broadcast in the United States. Press
photograph published in New York Post, 9 June 1942. Source: PozUstalost Jana Wericha (Jan
Werich Papers), n.d., Paméatnik narodniho pisemnictvi (Museum of Czech Literature).

Any attempt to quantify this radio production requires a clear distinction between dif-
ferent types of source material: programmes actually broadcast (including repeats), pre-
served scripts and surviving sound recordings, which account for only a small fraction of
the original output. Werich himself, in a 1945 typescript, claimed that as many as 1,150
programmes were broadcast (Werich 1945). Contemporary American press sources from
early 1945, however, cite significantly lower figures, generally in the range of several
hundred broadcasts (McCord 1945).

This discrepancy most likely reflects differing methods of counting, particularly the in-
clusion or exclusion of repeated broadcasts, and illustrates both the methodological
challenges of the research and the inherent complexity of wartime broadcasting prac-
tice. The number of surviving documents is considerably smaller: fewer than 200 sound
recordings have been identified, with the largest and most coherent group preserved in
the sound collection of the National Museum — Czech Museum of Music, discussed in
more detail below. By contrast, the principal textual source is a corpus of approximately
465 radio scripts preserved in the Literary Archive of the Museum of Czech Literature,
which constitutes the main documentary basis for V&W’s American radio production.
Additional materials held by Czech Radio (including a small number of original 10-inch
lacquer discs), the BBC Written Archive Centre, the United States National Archives and
the Jiti Voskovec papers at the Howard Gotlieb Archival Research Center serve primarily
as complementary and contextual sources, helping to clarify the institutional and pro-
duction framework of V&W'’s wartime broadcasting activities.
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V&W Lacquer Discs at the National Museum

The collection of V&W wartime recordings preserved in the sound archive of the National
Museum — Czech Museum of Music comprises 121 discs of various dimensions and tech-
nical characteristics. The discs have glass cores coated with lacquer and were recorded
at speeds of 33%5 or 78 rpm. Their diameters fall into two principal size groups, approxi-
mately 12 and 16 inches. The discs bear a range of original labels that reflect production
at different studios and institutional settings in the United States during World War I,
including WOR and WRUL, as well as smaller studios operating in cooperation with COI
and OWI. For museum inventory purposes, the discs are divided into two accession se-
ries: MD (gramophone records of atypical sizes and materials) and MR (16-inch discs). As
of 2026, eleven discs are in a state of significant physical deterioration.

The collection entered the National Museum in 1999 as a donation from Jan Werich’s
granddaughter Zdena Hulik Kvapilova. The terms of the donation included a require-
ment that the recordings be digitised, which shaped the subsequent handling of the
collection. Efforts to fulfil this mandate generated a substantial portion of the surviv-
ing documentation, but also led to a number of problematic interventions and meth-
odological dead ends. Digitisation carried out around 2000-2001 by an external private
company did not yield satisfactory results: the resulting digital files are often of limited
technical quality, difficult to identify and the accompanying documentation is often
unclear. At the same time, the digital data was backed up exclusively on recordable
compact discs, a carrier understood at the time to be transitional rather than suitable
for long-term preservation (National Museum — Czech Museum of Music 1999, MD/MR).

In terms of both audio quality and accompanying documentation, earlier transfers of
part of the collection carried out before its acquisition by the National Museum are of
higher quality than later digitisation efforts. In the 1970s, while the recordings were still
in private hands, Josef Kotek, a researcher at the Czechoslovak Academy of Sciences,
transferred selected radio recordings onto magnetic tapes. This difference in audio
quality can be explained by the fact that, at the time of transfer, the discs were in a less
advanced state of degradation, with a more stable groove profile and less delamination
and signal loss, allowing for more continuous mechanical transfer. The analogue tape
transfers also exhibit fewer discontinuities and dropouts than later digital attempts,
while reflecting a higher level of technical expertise in transfer setup and overall record-
ing quality. Twelve of Kotek’s transfers have survived and are now preserved in the sound
archive of the Czech Museum of Music. These tapes are accompanied by systematic and
clearly structured documentation, including annotations of individual items, and con-
tinue to serve as an important reference source for content identification and compara-
tive research (National Museum — Czech Museum of Music n.d., ML 1209-1220).

From Research to Preservation Practice

Since 2018, the National Museum has expanded its engagement with historical sound
carriers through the development of new digitisation and preservation workflows within
its Sound Laboratory, primarily in connection with the New Phonograph Project.6 Initial
activities focused on standard formats such as 78 rpm records and phonograph cylin-
ders, which served as reference media for establishing stable procedures for systematic
itemisation, physical preservation, visual digitisation, cataloguing, data management
and long-term access.

6 https://novyfonograf.cz/en
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Following this initial phase, the Sound Laboratory has increasingly turned its attention
to damaged and unstable carriers for which conventional mechanical playback poses a
significant risk or is ruled out entirely. A decisive step in this shift was the acquisition of
the INA-Saphir optical scanning system in 2023, which enabled non-contact digitisation
of severely damaged flat discs.” Given the long-term research focus on the V&W lacquer
disc collection and its on-site availability, the discs became natural candidates for ap-
plying and refining the newly developed preservation strategies.

Within this institutional framework, the next section introduces a case study focusing
on a single, severely fragmented lacquer disc from the V&W collection. While compre-
hensive technical overviews of the INA-Saphir system and its core functionalities have
already been published (Chenot et al. 2018; Chenot et al. 2019), the following case study
shifts the focus to object-level decision-making informed by historical context, mate-
rial condition and risk assessment. The following sections illustrate how these factors
interact in practice, from initial assessment through optical digitisation to final housing
decisions.

Preservation Workflow for a Delaminated Lacquer Disc

Identification and Description of the Specimen

The case study centres on a single lacquer disc (National Museum — Czech Museum of
Music 1999, inv. no. MD 556) containing a direct-cut recording of the V&W radio pro-
gramme “Invitation to Sabotage”, recorded on 11 June 1942 during the transitional
phase shortly before the formal establishment of the OWI. The programme combines
spoken commentary with music and utilises humour to call for acts of sabotage in oc-
cupied Czechoslovakia, addressed to specific social groups such as peasants, industrial
labourers and railway employees. Its musical component is based on a Czech-language
parody of the popular American song “Deep in the Heart of Texas”.

The disc survives in extremely deteriorated condition, characterised by advanced de-
lamination and flaking of the lacquer layer and the presence of detached and unsta-
ble fragments stored loose within the original sleeve. This state reflects a long-term
process of material degradation rather than a sudden failure, as also evidenced by the
outcomes of earlier transfer attempts. Mechanical playback was therefore impossible
from the outset. Earlier digitisation efforts proved either incomplete or unsuccessful:
a partial transfer to magnetic tape carried out in the 1970s captured only a fragment
of the recording, most likely at a time when the disc was already compromised but
before it reached its current level of deterioration. A later attempt around 2000-2001
failed to produce usable results and coincided with further physical damage, including
the detachment of the original label. As a result, initial content identification relied on
comparison with surviving scripts and documentation (Figure 2).

7  https://www.ina.fr/actualites-ina/the-czech-nationa
digitization-system.
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Figure 2. Sound carriers and accompanying documentation examined within the case study.
Photograph: Michal Studni¢ny, National Museum — Czech Museum of Music.

Disc Preparation and Documentation

In accordance with the Sound Laboratory’s methodology, the disc was assigned the
identifier NMCMHO04997, which was used consistently throughout the preservation pro-
cess within the Laboratory’s internal tracking system to capture metadata including
analytical observations, technical procedures and decision-making steps. The physi-
cal preparation of the disc constituted the first critical stage of the preservation work-
flow. This stage was approached with the explicit aim of direct optical digitisation, and
the reconstruction process was therefore conceived from the outset in relation to the
INA-Saphir scanning workflow, rather than to any form of interim mechanical handling

(Chenot et al. 2018).

Owing to advanced delamination and extensive flaking of the lacquer layer, the disc
survived as a set of approximately thirty separate fragments (Figure 3). All handling was
performed exclusively using paper tweezers to minimise the risk of surface abrasion,
static charge or further material stress. The reassembly of the fragments was a col-
laborative and time-consuming process, requiring careful alignment of groove geometry
and fragment edges. The fragments were not permanently fixed; instead, their position
was stabilised temporarily by carefully placing a transparent glass plate over the reas-
sembled surface, allowing optical scanning without direct intervention in the material
structure. A small number of minor fragments could not be reintegrated due to their
instability or partial material loss. Following reconstruction and documentation, the
assembled disc was transferred directly to the scanner platter for optical digitisation.

)
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Figure 3. Detail of lacquer delamination and flaking on disc MD 556. Photograph: Michal
Studnic¢ny, National Museum — Czech Museum of Music.

Prior to digitisation, the disc was subjected to material analysis using Fourier Transform
Infrared Spectroscopy (FTIR), which confirmed a cellulose nitrate—based lacquer com-
position. Although this result did not influence the choice of digitisation method—which
had been determined by the disc’s severely compromised physical condition—it directly
informed subsequent handling and housing decisions, particularly with regard to cau-
tious manipulation, fragment stabilisation, and the selection of appropriate protective
materials, in line with established typologies of lacquer disc degradation and material-
specific risk assessments (Rochat 2019).

INA-Saphir: Optical Scanning

The disc was secured on the scanner platter using a clear glass plate supplied with
the INA-Saphir system. The system’s manual focus mechanism allows fine adjustment
of camera height and viewing angle relative to the disc surface. For this specimen, an
oblique camera orientation targeting the groove flank provided the optimal signal-to-
noise ratio (Chenot et al. 2018, 14.9). Initial scanning parameters were subsequently
adjusted manually to accommodate surface irregularities caused by delamination and
the reassembly of fragmented sections (Chenot et al. 2019).

The disc was scanned in 73 concentric rings, numbered sequentially from the outer edge
of the disc (ring 1) toward the centre (ring 73). Each ring was acquired in approximately
30 seconds and consisted of 1,125 overlapping RAW image files covering approximately
eight groove revolutions. The complete scan of one side required approximately 35 min-
utes. The overlaps between adjacent images and rings provided sufficient spatial redun-
dancy for subsequent processing. Because a locally misaligned fragment was identified
after the initial scan (Figure 4), the acquisition was repeated after precise repositioning
of the affected segment. The second scan was therefore used as the primary dataset
for further processing.

o7
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scan rho 136.2977, theta 0.4468

Figure 4. Screenshot from INA-Saphir software interface showing a 2 cm misaligned fragment
overlapping intact grooves prior to correction.

Following image acquisition, the software automatically assembled the individual image
tiles into a single composite disc image. At this stage, key processing parameters were
refined by the operator to reflect the disc’s physical condition. These included adjusting
anamorphosis to ensure precise superposition between consecutive scan rings, refin-
ing the threshold parameters that determine where the software begins tracing each
groove (“seeds”), and limiting the effective groove width in order to suppress artefacts
from damaged edges and non-grooved areas. Selective adjustments to colour channel
gain were applied to optimise groove contrast, in line with the reflective decoding ap-
proach described in Chenot et al. (2018).

After parameter definition, processing of the scanned side was restarted, producing a
complete decoded representation of the groove field within approximately forty min-
utes. This output formed the visual and analytical basis for the subsequent repair and
groove reconstruction stage, where continuity of the playback path was addressed in
detail.

Groove Repair and Reconstruction

Operator input proved essential at this stage both for refining groove recognition param-
eters and for correcting geometric distortions caused by surface deformation, as well as
advanced flaking and delamination of the carrier. Although the INA-Saphir system pro-
vides automated tools for groove path calculation, the extremely fragmented condition
of the disc prevented their global application without continuous supervision and local
intervention. Reconstruction of the playback trajectory therefore relied on a combina-
tion of automated computation and expert judgement, underscoring the critical role of
operator experience when working with severely damaged lacquer discs (Figure 5).

(103)
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Figure 5. Operator working with the INA-Saphir system during the analysis and reconstruction
of a severely delaminated lacquer disc; groove damage is visualised in the software interface.
Photograph: Michal Studni¢ny, National Museum - Czech Museum of Music.

The repair process began with automated crack detection to identify fractures and gaps
within the groove field. Detected discontinuities were visualised by the software and
subsequently reviewed critically by the operator. In areas where cracks or missing seg-
ments were not reliably identified—particularly where fragments were slightly displaced
or where partial deformation of the lacquer layer occurred—additional exception areas
were defined manually. These zones explicitly marked regions in which global groove-
tracking parameters proved insufficient and where local corrective measures and indi-
vidual reconstruction decisions were required (Figure 6).

Figure 6. Screenshot from the INA-Saphir software interface illustrating automated crack
detection, with detected discontinuities highlighted in purple according to user-defined
thresholds.

(109)
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Due to the uneven distribution of damage across the disc surface, it was not possible to
apply a single set of repair parameters globally. Inner groove regions were comparatively
well preserved, while extensive delamination and fragment loss primarily affected the
outer groove area. For this reason, reconstruction proceeded incrementally, beginning
in the better-preserved inner region and advancing toward the more heavily damaged
outer region. Continuous groove paths were established successfully throughout the
better-preserved inner region of the disc (approximately rings 68-30), while reconstruc-
tion toward the heavily damaged outer grooves (rings 29-1) required progressively more
manual intervention. In zones with large missing sections or poorly aligned fragments,
groove paths were reconstructed manually using exception boxes and directional in-
dicators to guide the software’s pathfinding algorithm. Visual inspection of waveform
continuity, groove geometry and modulation patterns played a key role in these deci-
sions. As observed in earlier studies, recurring or visually similar audio content (such
as repeated musical passages or sustained tones) tends to produce consistent physical
groove characteristics. In ambiguous areas, this similarity served as an additional heu-
ristic. Undamaged sections containing comparable audio could be used as visual refer-
ences for reconstructing the damaged groove (Chenot 2019).

Manual Reconstruction of an Overlapping Fragment

A particularly demanding situation arose when one fragment remained slightly mis-
aligned despite repeated repositioning, resulting in local groove overlap. Although the
affected area covered less than 0.5 mm of groove width, this exceeded the system’s au-
tomated tolerance thresholds and added more than twelve hours to the repair process,
illustrating the disproportionate impact of small geometric inaccuracies in severely de-
graded carriers.

Because the fragment overlapped adjacent grooves, groove paths across the affected
area had to be defined manually using the system’s force-path function. At the widest
point, approximately 5 mm of grooves were bridged manually, corresponding to about
four milliseconds of missing audio. Given that the widest area of material loss on this
side of the disc measured approximately 2.5 cm, this intervention was considered pro-
portionate and acceptable (Figures 7 and 8).

The final reconstructed groove path, extending from the start to the end of the record-
ing, provided a coherent basis for audio extraction. This phase demonstrates that, in
cases of extreme material degradation, optical digitisation is a hybrid practice, combin-
ing computational tools with expert judgement grounded in material knowledge and
detailed visual analysis. The resulting digital transfer contains only minor audible de-
fects in the most heavily damaged sections, while comparison with the surviving broad-
cast script confirmed the successful reconstruction of the spoken content.

®
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Figure 7. Screenshot from the INA-Saphir software interface showing manual groove path
reconstruction using the force-path function across an overlapped fragment.

Figure 8. Detail view of the reconstructed groove path bridging the overlapped area, forming a
continuous playback trajectory from the start to the end of the recording.
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Housing and Long-term Storage of Damaged Lacquer Discs

For severely degraded lacquer discs that are no longer expected to undergo mechanical
playback, long-term housing becomes an essential final stage of the preservation work-
flow. Once optical digitisation and groove reconstruction have been completed, the pri-
mary objective shifts from enabling access to ensuring the long-term physical stability
of the original carrier while minimising any further handling and mechanical stress. At
the National Museum Sound Laboratory, specialised archival boxes for the horizontal
storage of severely degraded and fragmented lacquer discs were therefore developed.
This custom solution, nicknamed the “pizza box”, was designed as an in-house conser-
vation tool and parallels comparable archival housing solutions developed by other in-
stitutions for the long-term stabilisation of damaged lacquer discs (Syracuse University
Libraries 2025). Structurally, it consists of a rigid archival-quality box with a hinged lid,
lined with a stabilising insert featuring a precisely dimensioned cut-out corresponding
to the disc diameter.

The carrier is housed using a “sandwich” method, in which the disc is placed between
antistatic foils and stabilised on both sides by transparent acrylic plates secured with
a central fastener (Figure 9). This configuration stabilises fragmented components
without direct intervention in the material structure of the disc and prevents further
displacement. All materials used—acid-free, lignin-free archival board and chemically
inert acrylic—comply with long-term conservation requirements and were selected with
regard to stability, reversibility and the ability to visually inspect the stored object. While
this housing solution was developed primarily for extremely fragile lacquer discs for
which further mechanical handling or playback is not anticipated, modified versions of
the system may also be applied more broadly to the long-term storage of lacquer discs
with varying degrees of material instability.

Figure 9. Custom “pizza box” housing for horizontal storage and stabilisation of severely
damaged lacquer discs. Photograph: Katefina Figarovd, National Museum Sound Laboratory.
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Conclusion

This article has outlined the research and preservation of World War Il lacquer discs by
V&W, focusing on carriers affected by severe material degradation, including advanced
delamination and flaking of the lacquer layer. Through a focused case study, it demon-
strated how historical research, material assessment, digitisation, and preventive con-
servation can be integrated into a workflow tailored to an extreme preservation scenario.

Central to this process was the use of the INA-Saphir optical scanning system, which ena-
bles non-contact transfer of severely damaged lacquer discs. The case study also shows
that optical digitisation is not a fully automated procedure: operator expertise, interpre-
tative decision-making, and precise manual intervention remain essential, particularly
when reconstructing disrupted groove paths across fragmented or flaking surfaces. At
the same time, equal attention was paid to long-term physical preservation, including
the development of customised archival housing boxes designed to store damaged discs
while minimising further handling. For the selected lacquer disc (MD 556), this workflow
resulted in a complete digital transfer of a recording that could no longer be reproduced
mechanically. The recording is now safely preserved in the National Museum’s digital
repository, and public digital access is planned as part of the future release of the wider
V&W wartime recordings collection.

Taken together, the procedures presented here illustrate that the preservation of highly
degraded lacquer discs requires a flexible and interdisciplinary approach. By combining
optical technologies with material knowledge, ad hoc methods and expert assessment,
it is possible to transfer the sound of endangered recordings while preserving them re-
sponsibly as material historical artefacts.
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