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ABSTRACT

The economics of French instrumentH
making is mostly made up of very sma
handicraft enterprises. But craftsmen do

not always have the means to embark,

by themselves, on an innovation
strategy. The idea is to try to respond {o
current challenges in instrument making;
for example, the reduction in costs of
design times or the adaptation to
customer needs. All of this necessitatgs
the development of low cost tools for
characterising and prototyping of
instruments dedicated to their use in
workshops. Examples of collaborativel
approach between instrument makers

Mainly, the PAFI project, for
“Instrument-making Aid Platform” aims
to develop characterisation tools for all
the instrument families. The initiative’s

originality lies in the fact that “pilot
craftsmen” are associated with every
stage of development. The process
involves a research program and the
support of craftsmen for developing th
hardware and software. Bearing in min
the international economic context, the
experiences may act as a basis for
broadening and pursuing this initiative
on an international scale. The open ar|d
progressive nature of the work means
that we can consider such a prospect
with a view to maintaining the small-

scale production of high-quality

instruments.

72} 3%
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and research laboratories are presented.

1. INTRODUCTION

The economics of French instrument making consists almost
entirely of very small handicraft enterprises. Faced with strong
international competition, they are positioned on the top-end and
concert musical instruments market, while learning instruments are
rather manufactured on an industrial basis. This observation may
certainly be applied more generally at European level, and even at
international level.

The craft industry production of musical instruments is the result of a
long process of learning know-how and optimising the instrument
making stages. The development of traditional instruments is an
ongoing process that occurs in response to the needs of musicians
and composers (both contemporary and historic ones), or is imposed
by constraints on the supply of protected materials, such as certain
types of exotic wood. Consequently, the use of alternative materials,

WKH PRGL{FDWLRQ RI VWUXFW XPUHION M OAHPGHHQ WA

intonation or acoustic instrument radiation are now carried out using

VFLHOQWL¢(¢F WRROV :KLOH WKLVIRWBS SQREDFEKW L

applications, this is seldom the case within handicraft businesses.

The issue, therefore, is to develop tools for characterising instruments
suitable for use in a workshop so that instrument-makers may have
the means at their disposal for innovating by keeping their production
quality one step ahead and their handicraft enterprises competitive.

How a response can be provided to the geographic and thematic
dispersal of the craftsmen? The objective is to present some
initiatives taken in France over the last few years in order to bring
instrument-makers and research laboratories closer together in a
structured, sustainable way and create a joint working dynamic.
This illustration is provided based on the PAFI project (Instrument
Making Aid Platform) — which is intended, for the medium and long
term, to provide low-cost tools suitable for workshop operations and
concrete responses to situations involving the innovation of musical

LOVWUXPHQWY :KDW PDNHV WKH SURFHVV

instrument-makers are involved in all the development stages,

GH¢QLQJ WKH VSHFL¢FDWLRQV DQG WHVWLQJ

7KLY SDSHU DLPV WR SUHVHQW \DFEL HRUIALE © D

technical collaboration between a collective of craftsmen, manufacturers
and repairers of musical instruments, a grouping of research laboratories,
and a technology transfer and support structure for enterprises: Itemm,



“Institut technologique européen des métiers de la
musique”.

This paper outlines the environment and the special
conditions which led to this experiment. The issue of
LOQQRYDWLRQ DV D SDUW RI
the French context and does seem to have the capacity
for general application at international level. So what is
involved here is a presentation of examples of technology
transfers that contribute to maintaining craft industry
production of high-quality musical instruments. The paper
shows how to provide instrument-makers with tools for
innovating and improving instruments which are suited to
WKHLU QHHGYV
research over the last twenty years, particularly in the
cHOG RI PXVLFDO DFRXVWLFV

2. ECONOMIC BACKGROUND

Instrument making belongs to the cultural industries
and now the leisure industries (technically speaking,

AN AID TO INNOVATION IN INSTRUMENT-MAKING

engineering and broadcasting of musical signals)
which, by their very nature, require in-depth analysis of
“musical sound” and the mastery of the cutting-edge
technologies associated with it. Instrument making, by
rights, constitutes one of the renowned economic

UHVHDUFK DQG SDUWLFXODUO\
musical acoustics and material sciences.
2.1. The music industry

The advent of electronic and digital technologies is

DQG ZKLFK DUH WK hyifgirig/MboBt Farredthiny, biradt&Wakge§ in the music

industry and, consequently, instrument making, to the
extent of deliberately using electronic accessories and
HYHQ FRPSXWHUV DV
Historically speaking, the starting point for this change
was the recurring issue of amplifying instruments which,
over the last century, have been the outcome of new
cultural practices related on the one hand to the growth
of Afro-American music and then electro-acoustic music

Figure 1. Skilled-craft industry sector: services all around repair and maintenance ofahirsstruments, from manufacture to direct selling.

L QN WWRX /MG W RALDW LGQUIDIZY. VS HBALUHFW O\ RQ WK

UHVI

IXOO\ AHGJHG P
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and, on the other hand, to the change in places where
performance are provided and music is listened to, which
applies to all types of music.

A consequence of this technological and -cultural
revolution has been a change in the landscape in terms
of instrument making. From the second half of the 20th
century onwards, the mass-manufacturing of musical
instruments gradually moved from Europe to the United
States of America, Japan, South-East Asia and now,
China. This distribution is also to do with an industrial
mode for instruments development (electro-acoustic
and electronic instruments, among others) which
began in the USA and was applied to electric guitars. It
now impacts on all the instrument families, where a few
major brands dominate the market, particularly in the
case of electronic instrument making. Computer-
assisted music and sound synthesis technologies
provide examples of this perspective.

$ORQJ ZLWK WKH H[SDQVLRQ RI
music-making is made accessible to all and worldwide
cultural intermixing and have also brought about this
change in the manufacturing sites for traditional acoustic
instruments on the beginner and learner markets. For
example, only instrument making that provides high
added value has been retained in Europe, with a few
“specialities”, like the piano industry in Germany and the
wind instrument industry in France.

2.2. The skilled-craft industry sector

Although in this case the presentation is restricted to
the typology applicable to French instrument making, it
seems that the clear distinction between international
industrial companies on the one hand and a network of
very small handicraft enterprises on the other hand,

DUH VROH SURSULHWRUVKLSV
the sector is no longer just craft-industry or semi-
industrial manufacturing, but the existence of structures
engaged in “mixed” technical and commercial lines of
business, offering repair and maintenance services
along with customer advice and direct selling. Pools of
rental instruments, which consequently require regular
technical maintenance, are becoming increasingly
important within this context (markets for learning
instruments, particularly for young people receiving
musical training).

KDW L

7KH VWDQGDUG SUR¢OH IRU D FUDIW L

varying extent depending on the instrument speciality,
is thus oriented towards a service offer ranging from
the manufacture and repair of instruments (sometimes
to a very high level of technical quality and know-how)
through to marketing and maintenance, and even,
LQFUHDVLQJO\

WKH ¢QLVKLQJ DQG DC

XQ¢QLVKHG LQVWUXPHQWY ZLWKLQ W

D P SraakketHrEheé RThe éstRiatdIXrivimiBer of companies

with a repair workshop is between 1,600 and 1,800.
The estimated number of enterprises with a recognised
manufacturing line of business is nearly 800.

3. TECHNOLOGICALAND ENVIRONMENTAL
CHALLENGES

From a technical perspective, the basic characteristic
of instrument making is the multidisciplinary nature of
the skills which, quite often, are held by the same
person within the company:

f 8VH RI
textiles, composites);

¥ ODVWHU\ RI

UHAHFWV WKH VLWXDWLRQ LQ PDQ\ FRYYWDERYHY ¢QLVKHYV
f 9DULHG WHFKQLFDO DQG VFLHQWL
LW LV TXLWH GLI¢(FXOW WR REWDLQ Bnh@chBrichlXadddsticHorSledtidhi Heturd br Wliting

French instrument making sector. An overview of its
economic activity leads to a current assessment of the
number of companies involved as being around 2,500
(the manufacturing, restoration, repair, maintenance,
tuning, servicing and marketing of musical instruments),
SURYLGLQJ D SRRO RI DERXW

tell us a great deal, because in order to fully delineate
this instrument sector, all of the actors involved in the

WHFKQLFDO ¢HOG PXVW EH WDNHQ

craftsmen, distributors, and music stores of a general
or specialised nature with a repair workshop.

Musical instruments production, which is positioned at
the top end of the market, now constitutes the output
more or less solely of very small handicraft enterprises
with fewer than twenty employees, two-thirds of which
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to computer-integrated manufacturing);

f 9DULRXV W\SHV RI
organology, instrument playing);

¥ $QG RI FRXUVH

And this is not to mention the advent of electronic
inMhients Fan® Xamputet @Gsit VidtkhblbgY VThe
international economic context is how imposing ever-
greater integration of technological innovation, which
handicraft enterprises are far from being exempt from.
Quite to the contrary, keeping ahead in terms of quality
demands (both on the products and the services that
they offer) or, in other words, in relation to both “top
end” and “customised” items, involves the intense

>

PXOWLSOH PDWHULDOV

UHODWHG W\SHV RI

FXOWXUDO

ZR

N

N

FRPSDQ\ PDQDJHF
M RiBwntery@rading Hohkunitatiot). V



development of appropriate technical solutions and
their quick implementation within the enterprises,
following the example of the developments noted over
the last thirty years in mass-production units in all
VHFWRUYV
same:

fReduced costs and shorter design and execution

timeframes (virtual prototyping, selection of materials,
reproducibility, production monitoring and control,
etc.);

FCapitalising on knowledge and practices (products
traceability, the optimisation and development of
models, etc.);

F $QG D NH\ DGYDQWDJH
adaptation to customers’ needs
demands, responsiveness, service quality, etc.).

Moreover, as in the case in a number of other business
sectors, instrument making is also confronted with
changes to standards and new regulations concerning
workplace health and safety, or which relate to the
themes of procurement and sustainable development.
By way of an illustration, one of the major issues
currently relates to the natural materials normally used
for manufacturing musical instruments. Going above
and beyond just the framework of restoring instruments
that are collectors’ items, international agreements for
SURWHFWLQJ ARUD DQG
endangered species (CITES see [2]) are now adversely
affecting the production of new instruments: the
pernambuco used in modern bows and the rosewood
used in guitars and percussion instruments, for
example. In the medium-term, the precondition for
maintaining a competitive craft industry production of
high-quality musical instruments is not only seeking
alternative  high-performance  materials  (wood
essences and/or composites), but also determining
appropriate dimensions for their use in instrument
making.

Thus, combining the maintenance of traditional know-
how and the use of innovative methods and means
currently lies at the heart of the challenges to be taken
up by the instrument making sector [3]. In order to
provide an effective response, we need to overcome
the isolation of craftsmen and provide solutions that
are of common interest to each family of instruments.

4. INNOVATION AND INSTRUMENT MAKING
The relations between music and science go back a
long way. Instrument-makers have continually sought to

understand how the instruments that they make work
so that they can improve their performance and adapt

9

7KH EHQH/ ;WY GHULYHG

IDXQD
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their characteristics to what musicians want. Moreover,
advances made in research have already enabled
VLIQL{FDQW VSLQ RIIV LQ WHUPD®RE W
VLILQJ RI LQVWUXPHQWY DQG GUHGL
tadR. Zuieitly, Vhstiuhhéht-MaRevsRevel Kade products
GHGLFDWHG WR LQVWUXPHQWDWLRQ V
GHYHORSHG E\ ,:. >@ 7KH LQLWLDWL
DUH QRW SRVLWLRQHG DV FRPSOHPH(
original about them is the collaborative approach
DGRSWHG LQ GH¢{QLQJ WKHP ZKLgFW LQ
makers themselves.

4.1. Skilled-craft industry/research dynamics

IRU - VRO 9)01!" SMH %é’firlrg\é Hh&tween Iuthiers and
UHVSRQVH WR RHisidrale been organised by the Itemm with the

support! of one of the main French professional
associations, the UNFI (National Instrument Making
8QLRQ 7TKHVH PHHWLQJV (UVWO\ GF
instruments?, which are held over a two-day period,
provide the opportunity to exchange information via
specialised lectures devoted to musical acoustics,
materials sciences (particularly “resonance” woods
used in instrument making), as well as tutorials
applying vibration and acoustics measurement
equipment. These simulations provide an educational
IUDPHZRUN ZLWKLQ ZKLFK VFLHQWL¢F
can be discussed, criticised, understood and adapted

AR KYQRY 8H F LREUM BWX UHY RT WKH LQ

Among the various examples of tutorials carried out,

WKH IROORZLQJ PD\ EH FLWHG IRU H[D
WKH LQLWLDO UHVRQDQFHV DQG FDW
using vibration measurements or determination of the

wood characteristics based on the resonances of the

bow sticks. From 2001 to 2007, many experiments

were designed and presented. Their design and
development involved more than sixty students from

the acoustics training courses offered by Le Mans
University (France). This potential enables responding

to the concrete issues raised by craftsmen.

These interactions have been more widely and
SURJUHVVLYHO\ HHIWHQGHG WR WKH ZI
musical acoustics community, implying particularly
PhD student researches. Each current biannual
meeting — one for string instruments and the other for
wind instruments — has thus two main objectives: on
the one hand a regular information about recent
research results and, on the other hand, an agenda

1 The sessions are also supported by the musical acoustics
group of the French acoustical society (GSAM-SFA) since
2008.

2 On the same basis, there are from now on such annual
meetings devoted to wind instruments since 2010.
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Figure 2. Biannual meeting participants (string and wind instruments): instrument makerscientists joint working dynamic.

DQG D EHWWHU GH¢{QLWLRQ RI
HI¢FLHQWO\ KHOS PDNHUV
contributes to the elaboration of a collective solutions
and produces a common strategy aiming for global
innovation improvement within the workshop.

4.2. Individual support

After six years of collaborative effort (2001-2007), the
closer links between luthiers and university staff
resulted in the development of a pilot metrology tool
called Lutherie tools, developed by the “Laboratoire
d’Acoustique de I'Université du Maine” (LAUM) and the
“Péle d’'innovation des métiers de la musique” (music
professions innovation centre®), Itemm. This system
was made available to craftsmen free of charge, in
exchange for feedback about using the tools. Above

7TKHUHFRDM D FWKILM. VEX DRIG- VLIHG

V R GletwnitR Qavd Véwen EwholeR XQrémewR to be

7KH REM
provide details of the system’s various functionalities,

but rather to present the project’'s development
approach which was chosen [5].

Lutherie tools has an open design in order to respond to

WKH LVVXHV VSHFL¢{¢F WR HDFK HQVWL
developments of the various functionalities to be oriented
according to the feedback obtained. One of the major
advantages of the system is its low cost when it comes to
HQVXULQJ EURDG GLVVHPLQDWLRQ ZL\
some of the system’s functionalities are already to be
IRXQG LQ FRPPHUFLDO SURGXFWV XV
mechanical engineering, they are only available
piecemeal and their complexity requires a level of

expertise that most instrument-makers do not have.

DQG EH\RQG EHLQJ D WRRO ZLWK suTrnngiEe ?Ig@' ?E’Vg%ﬁigiﬁ Foor e
HQDEOLQJ D UHVSRQVH WR WKH QH'Eé% nd{\?rio .Wh &ydiems rlg aﬁe rofessional

purpose of Lutherie tools was to provide luthiers and
bow-makers with guidance concerning their thinking

DQG WKHLU DSSURDFK WR FKDUDFW

As an experimental device, Lutherie tools consists of
various equipment items (vibration and force sensors,
signal conditioning box) and analysis software
(developed with RAD framework Matlab® and
distributed as compiled executables). It is intended for

PHHWLQJV IRU D RQH \HDU SHUL®RKs OR
n the critical feedb rovided. These loans are

'gijemiz'ddo\]/e M&iﬂczg ith a personal applied

research project, formulated by each of the instrument-

makers involved in the dynamics. Each individual project

is supported and monitored over the current year and

forms the subject of a presentation of the results at the

next professional meeting. It has to be noticed that this
individual support is essential to facilitate the adjustment

VWULQJHG LQVWUXPHQWY DQG LV RbfIbheQetidaiondl @rocBssUS thé kdalhedds Gof the

modules: the guitar, harp, quartet and bow. By
measuring transfer functions, it enables instrument

% The name “Péle dinnovation” (innovation centre) is awarded
subject to a French Ministry for the Craft Industries quality label
granted to an establishment for developing an economic and in
particular technological support mission for a business sector.
The Itemm, one of the main instrument making training centres
at European level, is in charge of technology transfers for

makers and to obtain more detailed feedbacks to improve
LWHUDWLYHO\ WKH IRUWKFRPLQJ (¢HOG

5. THE PAFI PROJECT

The PAFI (French acronym for Instrument Making Aid
Platform) project, drawn up over a four-year period

FRPSDQLHV ZLWKLQ WKLV ¢HOG LQ )UDQFR009-2013) and may be seen as the general
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