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(57) ABSTRACT

A modular approach to large string array electronic musical
instruments such as specialized harps, zithers, sympathetic
string arrays, the Harry Partch Kithara, the Harry Partch
Harmonic Cannon, and other large string array electronic
musical instruments is presented.

A mounting frame is used to interchangeably secure a
plurality of a plurality of musical instrument modules, each
comprising a plurality of strings configured to vibrate and
create electronic signals. An electronic interface is config-
ured to transmit electrical signals from the plurality of
musical instrument modules to an external system. The
electronic interface can be configured to provide a multi-
channel output. The arrangement can further comprise either
or both of at least one audio mixer and at least one signal
processor.
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1
MODULAR APPROACH TO LARGE STRING
ARRAY ELECTRONIC MUSICAL
INSTRUMENTS SUCH AS SPECIALIZED
HARPS, ZITHERS, SYMPATHETIC STRING
ARRAYS, PARTCH KITHARA AND
HARMONIC CANNON

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. Ser. No. 13/662,
403, filed on Oct. 26, 2012, which is a continuation of U.S.
Ser. No. 12/786,438, filed on May 25, 2010, now U.S. Pat.
No. 8,309,835, issued on Nov. 13, 2012 which is a continu-
ation of U.S. Ser. No. 10/737,043, filed on Dec. 15, 2003,
now U.S. Pat. No. 7,732,702, issued on Jun. 8, 2010.

BACKGROUND OF THE INVENTION

This present invention relates generally to musical instru-
ments, and in particular to the design, application, and use
of modular structures in creating customized and aggregated
musical instruments. Currently, customization of musical
instruments has been a specialized, limited, and expensive
affair, and the formation of particular aggregations of musi-
cal instruments into a common “aggregated” musical instru-
ment has not yet been perfected.

SUMMARY OF THE INVENTION

An assortment of field-customizable, mainstream and
exotic electronic musical instruments will be presented, with
a particular focus on providing extensive support for the
easy and robust creation of a broad range of aggregated
instruments. Some embodiments provide extensive func-
tional customization of instruments within the mainstream
accepted instrument modalities, as well as opening a wide
range of completely new instrument modalities. The inven-
tion further facilitates entirely new manufacturing, market-
ing, and sales paradigms permitting a broad range of open
industry development and commerce, thus making an indi-
vidual musician’s creation of new exotic instrument arrange-
ments an economically viable sector for both mass manu-
facturing and the niche cottage industry. New opportunities
are provided for the creation of multiple-vendor standard-
izations, multiple-vendor manufacturing, and multiple-ven-
dor competitive features. This will provide the music equip-
ment user and music industry as a whole, access to an
extensive range of instrument customization, diversification,
and education.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features and advantages of
the present invention will become more apparent upon
consideration of the following description of preferred
embodiments taken in conjunction with the accompanying
drawing figures, wherein:

FIGS. 1a-1c¢ depict the relationship among traditional
instruments, aggregated instruments, customization, hierar-
chies of modularity, and applications as they relate to the
invention;

FIGS. 2a-2b show two exemplary aggregated instru-
ments;

FIGS. 3a-3e depict a number of supporting and playing
arrangements for aggregated instruments including the use
of floor stands, straps and open access areas;
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FIGS. 4a-4¢ depict two exemplary rotating arrangements
for securing instrument modules;

FIGS. 5a-f'show exemplary module fastening approaches
for securing instrument modules (and additional related
modules, such as signal processing or sound production
modules) to an aggregation frame;

FIGS. 6a-6b depict an illustrative lightweight supporting
frame facilitating a staggered arrangement with an exem-
plary profile;

FIGS. 7a-7g illustrate the structure and application of a
rotating mounting arrangement for use in a wide range of
aggregate instrument configurations;

FIG. 8 depicts an exemplary audio and control signal
routing environment of an illustrative aggregate instrument
of moderate complexity;

FIGS. 9a-9¢ show a more general arrangement for the
handling of audio and control signals within an aggregate
instrument (or complex instrument module);

FIGS. 10a-105 illustrate possible techniques for incorpo-
rating various types of sound production modules into an
instrument frame;

FIG. 11 depicts some basic aspects of stringed instrument
modules and associated sub-module configurations utilizing
an exemplary guitar module;

FIGS. 12a-12¢ show a number of exemplary configura-
tions where an array of tuners are configured within the
confines of the frame boundary;

FIGS. 134-135 depict an exemplary stringed instrument
module;

FIGS. 14a-14i depict a number of exemplary playing-
surface neck inserts for installation in the more generalized
stringed instrument module shown in FIGS. 13a-135;

FIG. 15 shows an exemplary larger width harp or zither
configuration employing a variety of sounding string
lengths;

FIG. 16 shows a windowed hierarchical frame configured
to externally match a larger size instrument module format
and internally match a smaller sized module format with
open mounting areas or volumes designed to hold one or
more smaller format modules;

FIG. 17 illustrates how one-octave keyboard modules
may be used to create a larger contiguous multi-octave
keyboard;

FIGS. 18a-18c¢ illustrate how hierarchical frames allow
for wide ranges of additional customization for the musi-
cian’s performing, recording, or composing needs for a
hand-operated instrument;

FIGS. 194-19; depict a number of examples of purely
electronic instrument aggregations (i.e., only comprising
electronic instrument modules) flexibly facilitated by the
invention;

FIGS. 20a-206 depict exemplary applications of the
invention to the implementation of key functional aspects of
two stringed instruments of Harry Partch (the “Harmonic
Cannon” and “Kithara™);

FIGS. 21a-215 depict further exemplary applications of
the invention to the implementation of key functional
aspects of the “Boo” percussion instrument of Harry Partch;

FIG. 22a-22d illustrate exemplary modules useful in
demonstrating the principles of the invention as applied to
floor controllers;

FIGS. 234-23c¢ illustrate an evolving heterogeneous
aggregation of the floor controller modules of FIGS. 22a-
22d, and specifically how hierarchical frames allow wide
ranges of additional customization around a musician’s
performing, recording, or composing floor controller needs;
and
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FIGS. 24a-24b depict an initially homogenous single-
level aggregation of the floor controller modules evolving
into a heterogeneous two-level aggregation of the floor
controller modules.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following descriptions, reference is made to the
accompanying drawing figures which form a part hereof,
and which show by way of illustration specific embodiments
of the invention. It will be understood by those of ordinary
skill in this technological field that other embodiments may
be utilized, and structural, electrical, as well as procedural
changes may be made without departing from the scope of
the present invention.

Furthermore, in the figures, it is to be understood that a
significant emphasis has been placed on depicting function-
ality, structure, and methods regarding many aspects of the
invention. In choosing this emphasis, little treatment of
aesthetics and visual appeal has been included. It is to be
understood that a plethora of additional techniques of
encasement, overlay bezel, alternate structure, ornamental
embellishment, etc. may be used to obtain a wide range of
aesthetic value and effect.

1. Formalized Modularity, Aggregation, and Customization
Structures for Electric and Electronic Music Instruments

Over the years, musical instruments have evolved in a
number of isolated and interacting ways. Although very
complex and subject to rigorous debate, in broad terms a
particular kind of instrument, such as a violin, keyboard,
flute, reed, brass, drum, etc., would evolve within a concep-
tual and contextual framework defining that instrument or
variations of it. For example, a harpsichord, virginal, ben-
tside, clavichord, etc, versus the group of pipe organ, por-
tative organ, etc., versus the group of fortepiano, pianoforte,
etc., versus the group of celleste, carillon, etc. In some
instances, one type of instrument would borrow technology
developments and enhancements perfected within another,
but essentially key defining elements comprising the ‘canon’
or formal ‘institution’ of a specific instrument would largely
remain invariant over time. As presented herein, these types
of instruments will be referred to as “traditional instru-
ments.”

Every so often a new instrument, perhaps an entirely new
type of instrument, would be introduced and over time itself
become considered a traditional instrument. Similarly, some
established traditional instruments may fall out of favor or
be replaced, eventually becoming ‘period instruments,’ such
as the recorder or rebec, ‘ancient instruments,” such as the
Greek Lyre or Chinese Bone Flutes, or in fact ‘lost instru-
ments,” such as the “lira da braccio” used by Italian court
poet-musicians in the Renaissance. Referring to FIG. 1la,
element 110 provides a representation of this process that
will serve as a basis for subsequent discussion.

In the case of traditional instruments, variations on the
same instrument have sometimes been combined to create a
larger “aggregate” instrument. Long-standing examples are
the multiple keyboards found in harpsichords and organs,
and later, the trap drum set. More recent examples are the
multi-necked guitars such as the classic ESD 1275 Gibson
double neck (first available in 1958, Gibson Guitar Corpo-
ration, Nashville, Tenn.) or the more contemporary Roberts
Rotoneck guitar (see for example U.S. Pat. Nos. 4,981,063
and D3 11,750 by Roberts—more recent versions include
the Roto-Caster™ which secures the rotating neck on one
end to a traditional guitar-body; Roberts Rotoneck, Brea,
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Calif.). In some cases the component instruments within an
aggregate instrument share some of the same internal com-
ponents (for example, multiple keyboards of harpsichords
and organs may share the same instrument housing and
“stops”) and in ‘other cases effectively do so in a very
limited manner (for example, shared supporting arrange-
ments in trap drums and multi-necked guitars). Additionally,
some of the component instruments are specifically laid out
to permit playing of two or more of the components simul-
taneously (for example, harpsichords, organs, and trap
drums) while others (such as multi-necked guitars) are not
(at least in original intent)

Referring to FIG. 1a, element 120 represents the class of
fixed aggregate instruments and related processes. There are
new forms of instruments 122, here driven by synergies 123
among component instruments of the aggregations; for
example, new stops or mechanisms shared within a pipe
organ, or new percussion elements or mechanisms (such as
foot pedals) within the trap drum set. Successful synergies
will give rise to new forms in the recurring cycle 124 as
shown. Due to manufacturing practices and market forces,
however, many if not most of the possibilities illustrated by
these exemplary instruments may have limited markets and
high cost, and may require difficult decisions as to which
functional elements are selected and how to physically
position them.

The present invention addresses these issues by targeting,
for example, the creation of an open evolvable family and
architecture of modular instrument components. Each such
module may, for example, be a functionally self-contained
instrument, controller, signal processor, interface, sound
production module, or novelty module. Various types of
mounting frames can be provided for facilitating the physi-
cal aggregation of these modules. The mounting frames can
further be enhanced to provide additional supporting infra-
structure for signal routing, power distribution, control dis-
tribution, interface consolidation, etc. Each of the modules
may utilize one or more predefined signal, control, and
power interfaces. The family of modular instrument com-
ponents and mounting frames can be designed for simple
consumer manipulation, allowing aggregate instruments and
controllers to be easily assembled and reconfigured by end
users. Referring still to FIG. 1a, element 130 abstracts this
class of instruments and related processes.

With these ideas established, the above notion of ‘aggre-
gations’ 120,130 may then be adapted to extend the appli-
cability of this group of ideas. Referring to FIG. 14, tradi-
tional instruments may be thought of as providing base-
points of a ‘core modularity” 142 that may be used to create
aggregated instruments 141, and the constituent parts of
these traditional instruments (such as necks, vibration-sens-
ing transducers, controller, signal processing, interface, or
sound production units) may be regarded as component
modules which provide a level of sub-modularity 143.

The creation of traditional instruments from modularized
components, i.e. ‘customization’ 144, has been informally
with us in the form of a few coexisting de facto standards
(for example, modularized components such as guitar pick-
ups, bridges, tuning heads, tail pieces) for some time but has
nearly universally required the expertise of specialists.

Leveraging, differentiating, abstracting, and reorganizing
these ideas and observations, the invention provides for,
among other things, for some or all of the following aspects:

1. Modular sub-components providing a layer of sub-

modularity 143;

2. Modular components providing a layer of core modu-

larity 142, which may be built from the sub-compo-
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nents within the sub-modularity layer 143 or, alterna-
tively, may be stand-alone entities; and

3. Aggregations 141 of modular components 142.

Aspects 1 and 2 together lead to musical instruments that
can easily be customized, creating entirely new forms of
value to the user and entirely new manufacturing, sales, and
marketing opportunities. The market segment and principle
user value of these aspects is rooted within familiar tradi-
tional musical instruments, driven by motivations of largely
taste-defined personalization.

Aspects 2 and 3 together enable users to easily create
aggregate instruments with an extensive degree of customi-
zation capability. This creates yet other entirely new form of
user value and new manufacturing, sales, and marketing
opportunities. The market segment and value to the user of
these aspects lies in aggregating familiar traditional musical
instruments to create new and exciting aggregations of
functionality with rich cooperative or synergistic possibili-
ties.

It is noted that this exemplary three-layer model depicted
in FIG. 15 can be expanded in either or both directions of
sub-modularizing and aggregation. To date the ‘fixed” type
of aggregated instruments 120 have been a limited and
specialized, low-volume segment of the marketplace. Some
modular multiple neck instruments have been proposed over
the years (for example, attachable/detachable second-neck
retrofit units shown in U.S. Pat. Nos. 4,240,319 and 5,315,
910 by Soupious, and the modular multiple neck instruments
shown in U.S. Pat. No. 3,130,625 by Savona and U.S. Pat.
No. 4,785,705 by Patterson). Similarly, modular replaceable
pickups (see for example U.S. Pat. No. 6,043,422 by Chap-
man, Modular Electric Guitars, Mounds View, Minn.; Mer-
curio Guitars Inc., Chanhassen, Minn.; and Rick Dodge
Convertible Guitars, Tallahassee, Fla.) and other compo-
nents (see for example U.S. Pat. No. 4,201,108 by Bunker)
have been available for some time, but are also a niche
market of tiny scale. Why would it be desirable for the music
manufacturing and sales industries to embrace the modular
aggregated instruments 130,141 discussed abstractly so far?
To answer, a few illustrative examples are considered.

Setting FIG. 1c aside for the moment, FIGS. 2a-26 show
two exemplary aggregated instruments. These examples are
somewhat larger in scope for discussion purposes, illustrat-
ing perhaps an approximate natural expansion limit of the
depicted configurations. FIG. 2a depicts a shoulder-worn
instrument 200 which emphasizes electronic stringed com-
ponent modules 211-214 and purely electronic controllers
215-217 (including keyboards 215, 217 of various sizes), all
held in an effectively planar configuration by lightweight
securing frame elements 201qa, 2015. Such a configuration
may support intricate details required of one or more pieces,
or be advantageous in a compositional environment. Two
fretted guitar-like modules 212, 214 are provided. These
may be identical, or differ in the types of strings or pickups
used, the number of strings used, the inter-string spacing
used, or in the inclusion of various specialty aspects such as,
for example, different types of frets (guitar, sitar, pipa, etc.),
different types of bridges (fixed guitar bridge, vibrato guitar
bridge, modulated string tension guitar bridge, sitar bridge,
piezo pickup bridge, etc.), or other differentiating aspects.

Open unfretted stringed module 211 may be a modest
group of bass strings, as used in an archlute or Gibson “Harp
Guitar™”, a bank of sympathetic strings, an adapted harp,
etc. They are positioned here to be played with the thumb
while playing fretted instrument module 212, but could also
by intent or circumstance be plucked in isolation. Similarly,
open unfretted stringed module 213 may comprise a larger
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number of bass strings, a bank of sympathetic strings; an
adapted harp, etc., positioned here to be played with the
thump while playing fretted instrument module 214, but
could also by intent or circumstance be plucked in isolation.
A small-format keyboard 215 may be used as a “proximate
keyboard” as described in U.S. Pat. No. 6,570,078, and is
here shown supplemented with an additional electronic
controller 216. An additional electronic controller 216 is
depicted here comprising sliders (controlling perhaps vol-
ume and timbre) and fingertip-actuated impact sensors for
responsively triggering electronic percussion modules, but
could additionally or alternatively comprise one or more
strumpads, touchpads, switches, buttons, etc. as described in
U.S. Pat. No. 6,570,078, for example. A full-sized keyboard
217 could be used for conventional keyboard playing and
soloing with one or both hands.

Either or both fretted stringed instrument modules 212,
214 could be played with one hand (using one-handed
tapping techniques), perhaps facilitated by either or both of
212, 214 being instrument modules of a touch variety (such
as that described in U.S. Pat. No. 2,989,884 by Bunker, and
U.S. Pat. No. 4,142,436 by Chapman, and other touch-style
stringed instruments, typically with damped open strings). It
is also noted that open stringed instrument modules 211, 213
can readily be played with one hand. The aggregate instru-
ment 200 may be readily configured to support playing
modules 211 and 212 simultaneously with one hand, perhaps
also including some or all of 213; similarly modules 213 and
214 may be played simultaneously with one hand, perhaps
also including 215 and perhaps 216; similarly modules 214
and 215 may be played simultaneously with one hand,
perhaps also including 216; and similarly modules 215 and
216 may be played simultaneously with one hand. Also note
the exemplary arrangement 200 also includes gaps 221, 222
for traditional under-neck hand access to fretted necks of
fretted stringed instrument modules 212, 214, respectively.

FIG. 2b depicts another layout format for an aggregate
instrument emphasizing electronic keyboards 261,262 and
other electronic controllers 271-276 but also including an
electronic stringed component module 263 that may be
played by extending the arms—the latter may be, for
example, of a touch variety (such as that disclosed in U.S.
Pat. No. 2,989,884 by Bunker, or U.S. Pat. No. 4,142,436 by
Chapman, or other touch-style stringed instruments, typi-
cally with damped open strings), an unfretted adapted harp,
a non-uniformly fretted dulcimer format, etc.

This arrangement comprises a lightweight supporting
frame facilitating a staggered arrangement with an exem-
plary profile such as that shown in FIG. 6. The resulting
arrangement may be played in an essentially-horizontal
position as suggested by FIG. 3a, here involving an essen-
tially-horizontal-supporting floor stand, or in an essentially-
vertical position as suggested by FIG. 356 supported by a
flexible shoulder strap, or as shown by FIG. 3d supported by
an essentially-vertical supporting floor stand. The keyboards
261, 262 may be collocated in a “proximate keyboard”
arrangement (examples of which are disclosed in U.S. Pat.
No. 6,570,078) or with conventional forms of two-keyboard
separation. The various electronic controllers 271-276 may
include various smaller sized sub-modules, each compris-
ing, for example, one or more sliders, fingertip-actuated
impact sensors, strumpads, touchpads, switches, buttons,
etc. as illustrated in U.S. Pat. No. 6,570,078. The invention
further provides for these exemplary smaller-sized sub-
modules to indeed not be purely electronic but include






