
Figure 6: A collection of both prototype and �nal
production versions of the Prosthetic Instruments.

3D-printed parts which all �t together to create a single
instrument which is lightweight, rigid, and durable, while
also integrating an electronics enclosure with removable lid,
battery compartment, and mounting clip.

The use of digital fabrication techniques also proved crit-
ical for the manufacturing of the quantity of �nal instru-
ments which we needed to create. Nine di�erent instru-
ments were used in the �nal performances, and a full set of
backup instruments were constructed as well. In addition,
both non-functional and functional �nal prototypes were
created for use in rehearsals while the �nal instruments were
being fabricated.

The most time-consuming parts of the �nal manufactur-
ing process were bending the Ribs, threading the Spine ver-
tebrae onto the PVC tubing, and integrating the electronics
into the instruments, particularly the wiring. Wiring the ca-
pacitive pads of the Ribs, for example, consisted of running
the magnet wires neatly between the conductive pads and
the top of the Ribs, riveting the conductive pads and mag-
net wire together, and soldering the wires to the main PCB.
While this was time-consuming it became the case that we
didn't have enough time to devise a faster process.

5. CONCLUSIONS
Worn as hypothetical prosthetic extensions to the body the
Prosthetic Instruments present dancers with unique con-
straints and opportunities beyond those presented by typ-
ical interactive dance systems. It has been noted that a
highly specialized musical interface often takes months or
years for sophisticated use [8]. We were fortunate to work
with dedicated collaborators who took the time to develop
a deep understanding of the instruments as both artifacts
with which to interact physically as well as musical inter-
faces. The design of the instruments owes a great deal to
their embracing the challenges and opportunities created by
working with these new instruments.

The Prosthetic Instruments also highlight the challenges
faced by DMI designers when moving from the lab and demo
sessions to use in professional artistic contexts. Despite our
attempt to utilize existing hardware and software solutions,
extensive research was required both for the implementation
of sensors within these speci�c instruments as well as for
the instruments' mechanical design. The use of di�erent
manufacturing techniques as described in this paper were
instrumental in the ability of the instruments to meet their

artist-spec requirements.
While the design and manufacturing capabilities available

to designers depends upon the �nancial and institutional
infrastructure within which they work, the decreasing cost
and availability of digital manufacturing services place them
within the capability of even the most DIY instrument de-
signer. We hope that knowledge of the manufacturing ap-
proaches described above will help make it easier to design
for artist-spec and help foster a greater adoption of NIMEs
by the professional artistic performance community.

6. ACKNOWLEDGMENTS
This research was supported by the Programme d'appui la
recherche-cr�eation from the Fonds de recherche sur la so-
ci�et�e et la culture (FQRSC) of the Quebec government, by
the Centre for Interdisciplinary Research in Music Media
and Technology (CIRMMT), and by the Natural Sciences
and Engineering Research Council of Canada (NSERC).
Our research was greatly facilitated also by our collabora-
tors as well as our mechanical engineering intern Anthony
Piciacchia.

7. REFERENCES
[1] J. Malloch, I. Hattwick, and M. Wanderley.

Instrumented bodies: Prosthetic instruments for music
and dance. In J. Malloch. A Framework and Tools for
Mapping of Digital Musical Instruments . Ph.D.
Dissertation, McGill University, Montreal, Canada,
2013. Available:
http://idmil.org/_media/publications/2013/
malloch_phd_dissertation_2013.pdf

[2] M. A. J. Baalman, H. C. Smoak, C. L. Salter,
J. Malloch, and M. Wanderley. Sharing Data in
Collaborative , Interactive Performances : the
SenseWorld DataNetwork. In Proceedings of Conference
on New Interfaces for Musical Expression, 2009.

[3] B. Buxton. Artists and the Art of the Luthier. ACM
SIGGRAPH Computer Graphics , 31(1):10{11, 1997.

[4] P. Cook. Principles for designing computer music
controllers. In Proceedings of the 2001 conference on
New Interfaces for Musical Expression, pages 1{4,
Seattle, Washington, 2001. National University of
Singapore.

[5] J. Malloch, S. Sinclair, and M. M. Wanderley. A
Network-Based Framework for Collaborative
Development and Performance of Digital Musical
Instruments. In Computer Music Modeling and
Retrieval. Sense of Sounds, pages 401{425. 2008.

[6] J. W. Malloch. A Consort of Gestural Musical
Controllers : Design , Construction , and
Performance. M.a. thesis, McGill University, 2008.

[7] M. Schumacher, M. Giordano, M. M. Wanderley, and
S. Ferguson. Vibrotactile Noti�cation for Live
Electronics Performance : A Prototype System. In
Proceedings of the International Symposium on
Computer Music Multidisciplinary Research (CMMR)
Sound, Music, and Motion , 2013.

[8] W. Siegel. Dancing the Music: Interactive Dance and
Music. In R. T. Dean, editor, The Oxford Handbook of
Computer Music, pages 191{213. Oxford University
Press, Oxford, 2009.

[9] G. Weinberg. The Beatbug: Evolution of a Musical
Controller. Digital Creativity , 19(1):3{18, Mar. 2008.

Proceedings of the International Conference on New Interfaces for Musical Expression

448




