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design. The diatonic harmonica is arguably the best-selling instrument in the world, which
indicates that there must be a great community of harmonica players who could possibly

be interested in a DMI design based on their instrument.

Although the acoustic harmonica is a huge commercial success, harmonica-related elec-
tronic instruments are not. None of the reviewed materials about the instruments have
suggested that they were sold to the mass market. Two recent developments failed in an
attempt to crowd fund the production of the instrument (DiCesare 2012; Read 2012), and

many devices invented earlier are no longer produced.

In the following section, we will present a review of harmonica-related DMIs. Many differ-
ent design decisions were made, such as mounting the blow hole on a slide versus having
multiple blow holes, adding buttons to the instrument body, etc. With a better understand-
ing of the interaction, we can adapt design principles, and thus significantly improve the

acceptance of harmonica-like controllers in the community of harmonica expert performers.

The main sources of information were chosen to be patents, as they offer great insight
to thoroughly developed ideas and ensure the originality of the presented device. As many
developers do not seem to work within an academic institution, but intend to invent a

commercial product, patents prove to be a richer source than academic publications.

Patent review

We reviewed a total of 17 patents claiming harmonica-related electronic instruments or
related inventions. The time span of these patents reaches from 1949, when Ernest Robert
Workman claimed the first design of an actual electronic harmonica, to 2013, when Wayne

Read claimed the invention of the XHarp. The dates refer to the issue of the patent.

The patents were investigated for information about the layout and use of different sensors
on the device, descriptions of the musical gestures associated with it, as well as feature
extrapolations and other design-relevant information.

If additional information about the devices was found, e.g., in manuals or through personal
communication with the developer, it has been indicated with a reference.

Patent claims are often very broad and do not tell us anything about the actual manu-

facturing of the device. It is not known how many of the harmonica-related DMIs were
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actually produced commercially.
The depicted schemata were adapted from the patents.

3.1 Controller types

Harmonica-related digital musical instruments must be distinguished from electric har-
monicas. Electric instruments amplify the acoustic signal of the instrument, whereas digi-
tal musical instruments produce computer-generated sound. Harmonica-related electronic
instruments do not have any reeds that could produce sound directly, but rely on a sen-
sor acquisition system that measures the musician’s gestures. The input signals are then

mapped to the synthesized sound.

Augmented musical instruments are real acoustic musical instruments, which have been
modified by adding sensors that capture originally uncaptured musical gestures or physical
properties of the instruments. While leaving the original sound production of the instru-
ment intact, computer-generated sound is either additionally produced, or the instrument’s
sound is modified through a computer (Miranda and Wanderley 2006).

Sometimes, however, the distinction between augmented and electric musical instruments
is not easy to make. There are border cases where the only dimension measured is almost
identical to the resulting acoustic signal. One example would be the Turboharp developed
by Antaki (2001), which implements an optical sensing technique to determine the vibration

frequency of the reeds.

3.2 Musical gestures

3.2.1 Excitation gestures

An excitation gesture describes a gesture that is needed to generate the sound output of a
DMI. Tt is the gesture, that “provides the energy that will eventually be present in the per-
ceived phenomena” (Cadoz and Wanderley 2000). In the case of harmonica-related DMI,
this is inherently blowing air into and/or drawing air out from one or more air channels.

In terms of the sophistication of the excitation gesture measurement technique, it can be
differentiated between mere triggering based on a threshold or physical interaction, and
continuous measuring allowing for control over the amplitude envelope of the sound out-

put.
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Seven patents were found to describe a device that is only capable of triggering a tone by
establishing an electrical contact in a tone generation circuit. Twelve patents described a
device capable of sensing air pressure continuously, so that the sensor signal can be used
to modulate the resulting tone and create an amplitude envelope.

Two devices provided both a discrete note trigger by electrical contact, as well as a means

of measuring air pressure (Hillairet, Lecadre, and Wallace 1970; Mélders 1980).

Workman (1949) proposed the design of a device with five air channels, containing a flexible
metal bar projection bent with the air flow of blowing into or drawing from the respective
hole of the instrument. This action brings it into electrical contact with a brush or termi-
nal, establishing a closed circuit for sound production.

In a second proposition, Workman employs a permanently magnetised metallic ball held
between two metallic tubes serving as contacts. Air pressure moves the ball to either one

side or the other, bringing it into electrical contact.

Wilken (1965) proposed a design containing an air channel with a double cone attached in
the centre by means of elastic rubber bands. The double cone, though not further specified,
would move with the air flow in either the blowing or drawing direction, and be brought

into contact with an electrical switch that turns on a tone generator.

Hillairet, Lecadre, and Wallace (1970) proposed a design, where a vertically-placed
piston is driven upwards to displace a leaf mounted on the air channel. This leaf establishes
a contact with a hinged bar situated above the air channel and across all air channels.
The bar acts as a resistor, which makes it possible to infer the position of the contact
point by measuring the voltage across a voltage divider, similarly to the functionality of a
linear potentiometer. The downside to this measurement technique is that only the nearest
piston contact of the hinged bar’s anode side will be measured, as the circuit is closed
with this contact. Any other contacts will not be recognized, which makes the instrument

monophonic.

In order to give control not only over whether or not a tone is produced, but also over
the amplitude envelope of the tone, the contact bar is hinged and can be rotated. After
contact of the piston with the bar is established, the piston lifts up the bar, which results

in rotational movement. A shutter plate displaying a transparent to opacque gradient is
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(a) A graphic of the air channel profile. (b) A graphic of the mechanism used to measure

breath intensity.

Fig. 3.1 — The mechanism to measure air pressure and note position as presented in Hillairet,
Lecadre, and Wallace (1970).

mounted at the hinge of the bar. A lamp and photo-resistor pair on either side of the
shutter generate an analogue signal according to the transparency of the shutter plate. As
the hinged bar is rotated, the shutter rotates along with it, swivelling the plate in front of

the lamp and photo-resistor pair, and changing the resulting sensor signal.

French inventor Robert (1982) presented the Clavier Electromechanique o Vent; a device
which enables the user to play an organ or piano by the use of a harmonica-like controller.

The organ’s keys are struck by the means of electromagnets each turned on or off by a
mechanism in the controller’s air channels. Inside each air channel, a piston is held in a

neutral position by two springs. As the piston is pierced at its centre, it can be displaced
v applying either positive or ative air pressure, i.e., wing & awi respectively.

by applying either positive or negative air pressure, i.e., blowing and drawing respectivel;
The piston comes into physical contact with two metal leaves, which closes an electrical

circuit and turns on the electromagnet.
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Fig. 3.2 — A simplified schematic of the air channel profile as presented in
Robert (1982).

Arai (1984) propsed a design involving an elastic component that would be deformed

with the air pressure inside the air channel. The elastic component is attached to the
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leaf of an industry-standard contact switch. Given a certain deformation, the contact is
interrupted and a note onset is indicated. This solution improves the durability of the

device by separating the electrical circuit from the air channel, protecting it from humidity.
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Fig. 3.3 — A simplified schematic of the air channel profile as presented in
Arai (1984), embodiment alternative 1.

Kondo (1997) later proposed a similar measurement technique. It involves an elastic
component whose deformation does not actuate a switch, but is measured with a displace-

ment measurement SyStPIIl .

Matsuzaki (1986) proposed an air channel sensor design involving an inclined elastic mem-
ber with a magnet attached. The elastic member is bent by the force of the air flow,
reducing the distance between the attached magnet and an electrical switch on the exterior
of the air channel.

Matsuzaki (1986) is a development based on Arai (1984). Both inventions were affiliated
with Casio Computer Co., Ltd. They both take advantage of elastic members to detect a
threshold of air pressure. However, the original air channel layout of the acoustic harmon-
ica cannot be maintained, as there is no way of including a mechanism for measuring both
positive and negative air pressure in a single air channel. Therefore, both have proposed

an air channel layout that introduces alternating blow and draw channels.

Ziegler (1989) invented the Elektronische Mundaharmonika (EMH), which uses a dif-
ferential air pressure sensor (0 to £70 mBar) to measure the pressure that results from
the air flow through the air channel. Differential air pressure sensors actually measure the
deformation of a diaphragm inside the sensor housing, which separates the air channel’s air

from the surrounding atmosphere’s air. The pressure difference can therefore be positive or
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Fig. 3.4 -~ A graphic of the air channel profile as presented in Matsuzaki
(1986).

negative, depending on the direction of the diaphragm’s displacement. As the back open-
ing of the air channel is relatively small in size, positive pressure is built up when blown
and negative pressure is built up when air is drawn. The measurement setup is capable of
distinguishing between both directions of air flow and the amount of pressure applied.
Similar to this air channel measurement setup, Whalen, Luther, and DiCesare (2011) and
Read and Hebert (2013) have described their respective inventions Jamboxz and XHarp to
make use of a differential air pressure sensor.
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Fig. 3.5 — A graphic of the air channel profile as presented in Ziegler (1989).

Mbolders (1980) proposed a Mundharmonika (ger.: mouth harmonica) that makes use
of strain gauges to measure the air flow direction and pressure. A strain gauge is bond to
a material strip in each air channel, which is bent in either direction when blowing into or
drawing air from the hole. Using a Wheatstone bridge circuit, the resistance change caused
by the deformation of the gauge can be measured. The resistance decreases with compres-
sion and increases with tension, so that both air flow directions can be distinguished. The
amount of resistance change is then mapped to the amplitude of the sound.

Schille (1991) proposed an air channel sensing system design involving a strain gauge

mounted perpendicular to the air stream inside the air channel. Similarly to the mea-
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suring technique used in Mélders (1980), the air stream bends the strain gauge in one

direction or the other, resulting in a resistance change that can be measured.
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(a) A graphic of the air channel profile (b) A graphic of the air channel profile as presented in Schille
as presented in Molders (1980). (1991).

Fig. 3.6 — Air channel sensor system designs involving strain gauges.

Wheaton (1993) employs two solid state pressure sensors mounted on the top inner side
of the air channel, angled 45° to either direction of air flow. Solid-state pressure sensors do
not have any moving parts, as a result of the application of piezo-resistive semiconductor
technology. As the two sensors are mounted triangularly in opposite directions, blowing
and drawing can be distinguished while the intensity of the air stream can be determined.
As an additional excitation gesture sensor, Wheaton uses a microphone to pick up singing,
humming, or other sound input, although he does not specify where it is to be found on

the device.
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Fig. 3.7 — A graphic of the air channel profile as presented in Wheaton (1993).

There exist several other sensors capable of measuring air pressure and flow direction,
which could be considered in the air channel sensor system design. Da Silva, Wanderley,
and Scavone (2005) outlines the pros and cons of hot wire sensors and pressure sensors such

as a Pitot tube for an application in the design of musical instruments.

3.2.1.1 Continuous control over signal amplitude

With respect to the control over the signal amplitude, two types of instrument interaction
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measurement could be determined:

1. Simplified control: The musician only has discrete control over note onset and
offset (cf. Matsuzaki (1986) in Fig. 3.4).

2. Complex control: The musician has discrete control over note onset and offset and

continuous control over amplitude of the sound. This can be made possible by

e Sensor-enabled complex control: both note onset and control over ampli-
tude are measured (cf. Hillairet, Lecadre, and Wallace (1970) in Fig. 3.1a)

e Hardware or software enabled mixed control: a pressure sensor signal is
gated by setting a threshold value in hardware or software (cf. Millioniser by
Blobel, Muller, and Studer (1983) in Fig. 3.9b)

Arai (1984) claimed one embodiment of the invention as having control over the amplitude
across all air channels. Therefore, both blowing and drawing air channels are connected
and merged into a single airway (refer to Fig. 3.8). At its end, a pressure sensor is mounted
in front of the opening to the atmospheric air.

The pressure sensor consists of a magnet and a surrounding coil. The magnet inside the
coil is displaced with the air flow. This induces an electrical current into the coil, which
can be measured, transformed, and mapped to the amplitude of the sound.

This approach simplifies the design and lowers the production cost of the device. However,
without a proper closing of the individual air channels, air can flow out of the other holes,
diminishing the effect of the air pressure on the pressure sensor. Given the particular design
by Arai (1984) with alternating blow and draw air channels, closing is probably difficult to

achieve.
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Fig. 3.8 — Arai (1984) proposed air pressure measurements across all air chan-
nels. The pressure sensor makes use of the electromotor force re-
leased by magnet displacement inside a coil.

3.2.1.2 Air flow resistance

Many inventors considered the implementation of an air flow resistance. The acoustic
harmonica naturally provides a resistance to the air flow due to the inertia of the reed
plates, so that the performer needs to make a certain effort to excite the system and produce

a sound. Excitation effort is useful in two ways: on the one hand, an excitation gesture can















































































































