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100 110

Parallel operations on the amplitude envelope of a single-
channel or multiple-channel electronic instrument or vocal
signal may be used to control rich layered audio signal
processing and/or audio synthesis environments. The con-
trollable layered audio signal processing and audio synthesis
environments may comprise dedicated or shared processor
and synthesis elements, respectively, though use of pre-
mixing and merging operations. Detection operations per-
formed on the envelope of an applied audio signal may
include level detection operations, rate sign (i.e., level
increasing versus decreasing) detection operations, and rate
magnitude detection operations. These operations may con-
trol rich layered audio signal processing environments and/
or audio synthesis environments directly, while other
embodiments may incorporate the use of state machines in
the control chain. The applied audio signal may be pre-
processed by signal processing before application to enve-
lope detection, and combinations of such envelopes may be
used. Hysteretic effects may be invoked across increasing
and decreasing variation in envelope parameters.
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ENVELOPE-CONTROLLED DYNAMIC LAYERING
OF AUDIO SIGNAL PROCESSING AND
SYNTHESIS FOR MUSIC APPLICATIONS
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[0001] This application is a continuation-in-part (CIP) of
U.S. application Ser. No. 10/703,137, filed Nov. 5, 2003,
now U.S. Pat. No. , Issued , which is a
continuation of U.S. application Ser. No. 09/812,400, filed
Mar. 19, 2001, which is a division of U.S. application Ser.
No. 09/313,533, filed May 15, 1999, now U.S. Pat. No.
6,610,917, issued Aug. 26, 2003, which claims benefit of
priority of U.S. provisional application Ser. No. 60/085,713,
filed May 15, 1998.

BACKGROUND OF THE INVENTION
[0002] 1. Field of Invention

[0003] The invention relates to musical instrument perfor-
mance systems and environments, and in particular to the
combination of novel instrument entities built from syner-
gistic arrangements of traditional and novel instrument
elements, and the interconnection of these instrument enti-
ties utilizing generalized interface entities to signal routing,
processing, and synthesis entities built from synergistic
combinations of traditional and novel architectures, pro-
cesses, and methodologies. The systems and methods herein
are intended to make possible a new generation of musical
instrument products with enhanced capabilities and sounds,
new semiotic-oriented performance capabilities, and rich
composition and recording environments.

[0004] 2. Background

[0005] There has been considerable advancement in music
technology in the last several decades, but recent innova-
tions driven by mass-market forces have narrowed the range
of possibilities for commercially available instruments and
the ways in which new recorded and performed music are
being explored. Audio samples of diverse instruments,
advanced signal processing power, improved fidelity, the
MIDI control interface, sequencers, and music workstations
are important assets but, together with the ways synthesiz-
ers, signal processing systems, and instrument controllers
have come to be designed, the channel of innovation is
focused on a relatively narrow conceptual range that will
consume as much rework and refinement energy as can be
allotted. A few modern outlier innovations have appeared,
such as the Roland COSM signal processing methods,
Yahama VL1 model-based synthesis methods, and Buchla’s
and Starr Switch alternative MIDI controllers, but due to the
focused drive of the mainstream these exceptions are largely
orphaned in their application.

[0006] What is needed is some reach into the souls (rather
than make samples) of deep non-Western and Western
instruments, a recasting of the now institutionalized signal
processing chains, adaptations of new classes of applicable
physical phenomenon, extensions as to the types and forms
of meaningful human control, and, in the context of perfor-
mance, a deeper integration of visual and audio environ-
ments.

SUMMARY OF THE INVENTION

[0007] In accordance with some embodiments, parallel
operations on the amplitude envelope of a single-channel or
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multiple-channel electronic instrument or vocal signal may
be used to control rich layered audio signal processing
and/or audio synthesis environments. The controllable lay-
ered audio signal processing and audio synthesis environ-
ments may comprise dedicated or shared processor and
synthesis elements, respectively, though use of pre-mixing
and merging operations. Detection operations performed on
the envelope of an applied audio signal may include level
detection operations, rate sign (i.e., level increasing versus
decreasing) detection operations, and rate magnitude detec-
tion operations. These operations may control rich layered
audio signal processing environments and/or audio synthesis
environments directly, while other embodiments may incor-
porate the use of state machines in the control chain. The
applied audio signal may be pre-processed by signal pro-
cessing before application to envelope detection, and com-
binations of such envelopes may be used. Hysteretic effects
may be invoked across increasing and decreasing variation
in envelope parameters.

DESCRIPTION OF THE DRAWINGS

[0008] The above and other aspects, features and advan-
tages 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:

[0009]

[0010] FIG. 2 shows examples of internal interconnec-
tions among the functional grouping elements within an
instance of a signal routing, processing, and synthesis entity,
all shown in FIG. 1;

[0011] FIGS. 3A-3C show an example of a proximate
keyboard array;

FIG. 1 shows a general overview of the invention;

[0012] FIG. 4 shows an example of an instrument-
mounted miniature keyboard configuration employing one
miniature keyboard, in particular an adapted Indian sitar
with many additional example instrument elements;

[0013] FIG. 5 shows an example of an instrument-
mounted miniature keyboard configuration employing two
miniature keyboards, in particular an adapted electric guitar
with many additional example instrument elements;

[0014] FIGS. 6A-6B illustrate an arrangement where a
dedicated continuous or near-continuous sensor is attached
to each key so as to instantaneously measure the displace-
ment of the attached key;

[0015] FIGS. 7A-7B illustrate an arrangement by which
programmable tactile feedback can be applied to a key,
either in conjunction or without a continuous or near-
continuous sensor to measure key displacement;

[0016] FIG. 8 illustrates a shared scanning arrangement
supporting a plurality of any of keyboards, strum-pad,
buttons, switches, etc.;

[0017] FIG. 9 illustrates an example method for realizing
a flexible generalized strum-pad element and associated
stored program control;

[0018] FIG. 10 shows an example implementation of both
generalized and specific control signals derived from panel
controls, actuators, and sensors using MIDI;
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[0019] FIG. 11 shows an example of how two indepen-
dent contact points can be independently discerned, or the
dimensional-width of a single contact point can be dis-
cerned, for a resistance null/contact controller with a single
conductive contact plate or wire and one or more resistive
elements whose resistance per unit length is a fixed constant
through each resistive element;

[0020] FIG. 12 shows an example implementation of both
generalized and specific control signals derived from elec-
trical contact touch-pads employing MIDI messages as the
output control signal format;

[0021] FIG. 13 shows how a pressure-sensor array touch-
pad can be combined with image processing to assign
parameterized interpretations to measured pressure gradi-
ents and output those parameters as control signals;

[0022] FIG. 14 illustrates the positioning and networking
of pressure sensing and processing “mini-array” chips in
both larger contiguous structures and in isolated use on
instrument keys, instrument fingerboards, and instrument
bodies;

[0023] FIG. 15 illustrates the pressure profiles for a num-
ber of example hand contacts with a pressure-sensor array;

[0024] FIG. 16 illustrates how six degrees of freedom can
be recovered from the contact of a single finger;

[0025] FIG. 17 illustrates the regions of vowel sounds
associated with particular resonant frequency combinations
in vowel sound production;

[0026] FIG. 18 illustrates an example two-dimensional
timbre space in traditional instrument orchestration;

[0027] FIG. 19 shows an example of keys from a tradi-
tional Western keyboard fitted with multiple uniformly-sized
pressure-sensing and processing “mini-array” chips;

[0028] FIG. 20 shows electromagnetic, Hall-effect, piezo,
and optical pickup methods for deriving separate audio
signals for each vibrating element of a multiple vibrating
element instrument entity;

[0029] FIG. 21 shows how an off-bridge buzz-plate can be
combined with a piezo bridge sensor in replacement of a
gradient buzz-bridge so as to permit the use of non-ferro-
magnetic strings;

[0030] FIG. 22 shows the basic idea of controlled feed-
back as used in recent contemporary music;

[0031] FIG. 23 shows an example implementation of a
simple approach for replacing acoustic excitation of a vibrat-
ing element with electromagnetic excitation;

[0032] FIG. 24 shows various combinations of piezo and
electromagnetic vibrating element pickups and exciters for
separately controllable excitation of each vibrating element;

[0033] FIG. 25 shows adding signal processing for spec-
tral and amplitude control of electromagnetic excitation;

[0034] FIG. 26 shows multiple vibrational elements with
common electromagnetic excitation;

[0035] FIG. 27 illustrates examples of single, double, and
quadruple touch-pad instruments with pads of various sizes
and supplemental instrument elements;
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[0036] FIG. 28 illustrates some enhanced foot-pedal
arrangements which permit simultaneous single-foot adjust-
ment of a plurality of continuous range parameters for use
with floor controllers;

[0037] FIG. 29 shows some example layouts involving 2
geometric regions for a moderate number of foot operated
controllers and 4 geometric regions for a larger number of
foot operated controllers;

[0038] FIG. 30 shows an example large-scale arrange-
ment of two impact sensors and/or touch pads for executing
one-handed drum-rolls and deriving large amounts of con-
trol information;

[0039] FIG. 31 shows an example of an enhanced auto-
harp implementation as provided for in the invention;

[0040] FIG. 32 shows how the autoharp arrangement of
FIG. 31 can be adjusted to replace its chord button array and
associated strum-pads with a keyboard and one or more
strum-pads positioned over the keyboard;

[0041] FIG. 33 shows an example Koto implementation
provided for in accordance with the invention;

[0042] FIG. 34 shows an example Mbira implementation
provided for in accordance with the invention;

[0043] FIG. 35 shows an example electric guitar imple-
mentation in accordance with the invention based on a
Gibson model ES-335 guitar; the invention’s enhancements
shown can be added on as modules, added collectively, or
built-in;

[0044] FIG. 36 shows an example of an adapted European
arch-lute with a mix of single strings and double string pairs;

[0045] FIG. 37 shows an example pedal steel guitar
adaptation as provided for by the invention;

[0046] FIG. 38 shows an example flat-necked instrument
with a five string section emulating a sitar string arrange-
ment and several additional strings used for bass or other
accompaniment;

[0047] FIG. 39 shows an example multiple-pitch sympa-
thetic/buzz/twang resonator using banks of short audio
delays with high resonances tuned to each selected pitch,
each followed by a dedicated low-speed sweeping flanger
with moderate resonance, a dedicated low-speed sweeping
flanger with moderate resonance, and a low-speed auto-
panner;

[0048] FIG. 40 shows an example adapted Chinese Pipa
as provided for by the invention featuring a keyboard,
strum-pad, touch-pad, slider array, switch array, and impact
Sensors;

[0049] FIG. 41 shows another example adapted Chinese
Pipa as provided for by the invention featuring a bass string
array, a harp string array, and impact sensors;

[0050] FIG. 42 shows a bow fitted with sensors to gather
information from the hand, bow hairs, and bow motion;

[0051] FIG. 43 shows adaptations of a flute and recorder
layout with pressure sensors replacing key sites, air turbu-
lence measurements, and air pressure average measurements
as provided for in the invention;
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[0052] FIG. 44 shows how an optical pickup may be
created for a suspended gong; this technique may also be
used for many other types of metallophones;

[0053] FIG. 45 shows example gong arrays as part of a
one-hand or two-hand percussion instrument stand;

[0054] FIG. 46 illustrates spatial arrays of electrodes
which may be used for measurement, as well as control, in
two-dimensional and three-dimensional configurations;

[0055] FIG. 47 shows an arrangement where evolving
chemical patterns in the dish of FIG. 46 are illuminated with
light sources and visually monitored by an overhead camera
for any one or more of control extraction, visual display, or
visual recording;

[0056] FIG. 48 illustrates example optical measurements
of photoacoustic phenomena in applicable materials which
may be converted to electrical signals and an example
electro-acoustic measurement of photo-induced acoustic
phenomena in applicable materials;

[0057] FIG. 49 shows how generalized interfaces can be
built in whole or via separable parts which may be used
selectively as needed or appropriate;

[0058] FIG. 50 shows multiple vibrational elements with
multi-channel transducers applied directly to stereo or multi-
channel mix-down;

[0059] FIG. 51 shows multiple vibrational elements with
multi-channel transducers and individual signal processing
prior to mixing;

[0060] FIG. 52 shows addition of a control signal extrac-
tion element to the arrangement of FIG. 51;

[0061] FIG. 53 shows partial mix-downs of vibrating
element signals fed to a number of signal processors and
straight-through paths in route to subsequent mix-down;

[0062] FIG. 54 shows a switch matrix assigning signals
from vibrating elements to a number of signal processors en
route to subsequent mix-down;

[0063] FIG. 55 shows a more flexible method for provid-
ing signal processors with vibrating element signals and
other signal processor outputs via switch matrix, and addi-
tional partial mix-downs by replacing said switch matrix
with a mixer;

[0064] FIG. 56 shows configuration control of signal
processors, mixers, and switch matrix, and synthesizer inter-
faces via logic circuitry and/or microprocessing;

[0065] FIG. 57 shows a very general combined environ-
ment for multi-channel signal processing, mixing, excita-
tion, and program control of overall configuration;

[0066] FIG. 58 shows a stereo-input, stereo output con-
figuration of two monaural flange and/or chorus elements
wherein the unaltered signal of each input channel is com-
bined with a delay-modulated signal from the opposite
channel;

[0067] FIG. 59 illustrates a combination of a spatialized
effect, two distortion elements, and a stereo (N=M=2) cross-
channel modulated delay;

[0068] FIG. 60 illustrates examples of inhomogeneous
layered signal processing which may be used as shown, with
selected omissions, or as an archtype for similar construc-
tions;
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[0069] FIG. 61 illustrates an example of a generalized
hysterisis model construction as provided for by the inven-
tion;

[0070] FIG. 62 shows an example implementation of a
cross-product octave chain particularly suited to low cost
implementation with logic chips or simple DSP program
loops;

[0071] FIG. 63 illustrates an example flexible control and
configuration hierarchy for control signal and stored pro-
gram handling and organization;

[0072] FIG. 64 shows an example method for the genera-
tion of control signals from fundamental and overtone
information in a signal from a vibrating element of fixed
known pitch;

[0073] FIG. 65 shows combining and/or processing fun-
damental and overtone information obtained from a vibrat-
ing element signal prior to parameter extraction;

[0074] FIG. 66 shows an example implementation of an
adaptive method for tracking overtones for a variable-pitch
vibrating element with known overtone series;

[0075] FIG. 67 illustrates an example approach wherein a
plurality of LFOs with features as prescribed by the inven-
tion may be implemented;

[0076] FIG. 68 illustrates traditional stage lighting ele-
ments including over-heads, far-throw, foot, back, floor;

[0077] FIG. 69 illustrates example instrument lighting;

[0078] FIG. 70 illustrates example rotating speaker emu-
lation light sculptures;

[0079] FIG. 71 illustrates light pyramid arrays and light
columns arrays;

[0080] FIG. 72 illustrates stage video projection arrange-
ments;

[0081] FIG. 73a shows an exemplary simple layered

signal processing for a single channel audio signal;

[0082] FIG. 73b shows an exemplary simple layered
signal processing for a multichannel audio signal;

[0083] FIG. 73c shows an exemplary simple layered
signal processing for a multichannel audio signal involving
the sharing of signal processors via channel input mixing;

[0084] FIG. 73d shows an exemplary generalized envi-
ronment supporting simple layered signal processing for a
multichannel audio signal;

[0085] FIG. 74a shows an example of layered sound
synthesis driven by a single channel note control signal via
a channel input mixing matrix;

[0086] FIG. 74b shows an example of layered sound
synthesis driven by a multichannel note control signal;

[0087] FIG. 74c shows an example of layered sound
synthesis driven by a multichannel audio signal involving
the sharing of the sound synthesis elements via channel
input merging;

[0088] FIG. 74d shows an exemplary generalized envi-
ronment supporting layered sound synthesis driven by a
multichannel note control signal involving sharing of the
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sound synthesis elements via channel input merging via a
channel input merging matrix;

[0089] FIG. 75a shows exemplary instantaneous time-
varying velocity and amplitude response points for the onset
“attack™ portion of a given incoming audio signal;

[0090] FIG. 75b shows additional techniques for measur-
ing and responding to nonlinear attack curves;

[0091] FIG. 76a shows a longer duration view of the
envelope of an exemplary instrument or vocal audio signal,
wherein the full extent of the attack portion of the envelope
is shown, along with “decay,”“sustain,” and “release” por-
tions;

[0092] FIG. 76b shows another exemplary instrument or
vocal audio signal which has one or more “swells” in the
sustain portion of the instrument or vocal audio signal;

[0093] FIG. 76c shows another exemplary instrument or
vocal audio signal where the peak of the attack portion is
considerably lower in amplitude than subsequent amplitude
“swells” in the sustain portion of the instrument or vocal
audio signal;

[0094] FIG. 77a comprises a table listing simple exem-
plary instructions for varying individual signal processor
output gains in response to increasing and decreasing input
audio signal amplitudes;

[0095] FIG. 77b comprises a table summarizing the
behavior of each signal processor output gain as a function
of response to increasing and decreasing input audio signal
amplitudes for the table of FIG. 77a;

[0096] FIG. 77c shows a graphical depiction of the behav-
ior of each signal processor output gain as a function of
response to increasing and decreasing input audio signal
amplitudes for the table of FIG. 77a;

[0097] FIG. 78 shows an exemplary extension of the
concepts of FIGS. 77a-77¢ employing an open-format data
structure rather than a fixed-structure table, which supports
a wider range of control possibilities;

[0098] FIG. 79 shows a user interface editing and stored
program control environment compatible with the data
structures of FIG. 774, FIG. 78, or other implementations;

[0099] FIG. 80 shows the incorporation of rate magnitude
detections along with level detections in controlling the
operation of control signal creation for layered signal pro-
cessing and/or layered synthesis environments;

[0100] FIG. 81 shows rate detections together with level
detections as inputs to combinational logic controlling a
state machine which, along with level detections control the
operation of control signal creation for layered signal pro-
cessing and/or layered synthesis environments;

[0101] FIG. 824 shows an exemplary configuration where
an audio signal source drives a layered signal processing
environment and a layered audio synthesis environment
under the control of an envelope-driven controller;

[0102] FIG. 82b shows an exemplary variation of FIG.
82a where the envelope-driven controller is driven by a
pre-processed version of the audio signal source, where a
dedicated signal processor is used to create the pre-pro-
cessed audio signal;
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[0103] FIG. 82¢ shows an exemplary variation of FIG.
82b where the envelope-driven controller is driven by a
pre-processed version of the audio signal source, and where
a signal processor from the layered signal processing envi-
ronment is used to create the pre-processed audio signal;

[0104] FIG. 824 shows a combination of the structures
FIGS. 82a-82¢;

[0105] FIG. 83a shows an exemplary variation on the
configuration of FIG. 82a where an audio equalization stage
is shared for both the layered signal processing environment
and the envelope-driven controller; such an arrangement
would be replicated in part or in whole in a system support-
ing multichannel audio input signals;

[0106] FIG. 83b shows a variation on the exemplary
configuration of FIG. 83a where separate equalization is
provided for each of the layered signal processing environ-
ment and the envelope-driven controller;

[0107] FIG. 844 shows an embodiment of the invention
where the envelope-driven controller is in a separate physi-
cal enclosure and is designed to work with conventional
instrument audio and MIDI interfaces of external equip-
ment, including an external fan-out box; and

[0108] FIG. 84b shows a variation of FIG. 84a where the
loop-through function also includes an internal fan-out func-
tion.

DETAILED DESCRIPTION

[0109] 1 Overview

[0110] In the following detailed description, 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 is to 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.

[0111] The invention relates to a collection of instruments
(adapted, electronic, or combined), generalized instrument
electrical interfaces, control signal extraction and manipu-
lation systems, musical synthesis modules, layered audio
signal processing, lighting control, light sculptures, instru-
ment lighting effects, video control, and video display. The
resulting rich sonic and visual environment can be used for
live performance, recorded audio and video production, and
composition.

[0112] FIG. 1 shows a general overview of the invention
which, at its highest level, consists of one or more instances
of instrument entities 100, generalized interface entities 110,
and signal routing, processing, and synthesis entities 120. It
is understood that the invention provides for the possibility
of several instances of each of these entities. For example,
several instruments 100 may be supported (adapted guitar,
adapted sitar, adapted autoharp, touch-pad/slider/switch
controller, etc.) by each 110/120 system; further, for each
collection of plurality of instruments 100 and signal routing,
processing, and synthesis entities 120, there may be both
full-feature interface cables or simplified reduced-feature
cables implementing versions of the generalized interface
110; finally, for each collection of instruments 100 and
generalized interface entities 110 there may be various
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versions of signal routing, processing, and synthesis entities
120 (small performance systems, large performance sys-
tems, studio recording-oriented or composition-oriented
systems, etc.).

[0113] 1.1 Instrument Overview

[0114] In more detail, each instrument entity 100 in gen-
eral internally consists of one or more elements. The ele-
ments fall into two broad categories, namely those that
produce audio-frequency signals and those that instead
produce only control signals. Of these, it is also possible to
derive control signals from the audio-frequency signals
(reflecting pitch, amplitude, relative harmonic content, etc.).
Control signals, regardless of their origin, in general are
used to control the processing, replay, or synthesis of audio-
frequency signals; however, the control signals can also be
used to control lighting, video, special effects, etc.

[0115] Referring to FIG. 1, the instrument 100 may con-
tain internal power sources (such as batteries, large-value
capacitors, etc.) and/or power regulation elements 101. Next
the control signal sources that may be included within an
instrument entity 100 may be of a traditional technology or
nature, such as knobs, keys, switches, touch-pads, sliders,
buttons, sensors, etc.; these will be termed electronic inter-
face elements 102. In addition, it is also possible to generate
control signals from more exotic processes such as chemical
oscillators, chemical chaos, photoacoustic, environmental
sensors, etc. These will be termed alternative control signal
elements 103. The audio-frequency signal sources that may
be included within an instrument also broadly fall into two
classes. One class is that of traditional vibrating elements
(strings, tynes, surfaces, solid volumes, air columns, etc.)
whose mechanical audio-frequency vibrations can be elec-
trically sensed via electromagnetic, photo-electric, piezo,
Hall-effect, or other types of sensors or transducers. In many
cases it is possible to excite these mechanically vibrating
elements by electronic methods (magnetic fields, piezo
transducers, etc.) or electronically controlled methods
(motorized bowing, solenoid strikers, etc.) This first class of
audio-frequency signals sources will be termed sensed/
excited vibrating elements 104. In addition, it is also pos-
sible to generate audio-frequency signals from more exotic
processes such as chemical oscillators, chemical chaos,
photoacoustic, environmental sensors, etc. These will be
termed alternative control signal elements 105. Finally, the
instrument may also contain various additional video, light-
ing, and special effect elements 106.

[0116] 1.2 Generalized Interface Overview

[0117] Again referring to FIG. 1, the invention provides
for both instrument entities 100 and signal routing, process-
ing, and synthesis entities 120 to be fitted with compatible
electrical interfaces, termed generalized instrument inter-
faces or (or more concisely, generalized interfaces) 110,
which can exchange any of the following:

[0118] incoming electrical power (111)

[0119] outgoing control signals from switches, con-
trols, keyboards, sensors, etc., typically in the form
of MIDI messages but which may also involve
contact closure or other formats (112)

[0120] control signals to lights, pyrotechnics, or other
special effect elements within and/or attached to the
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instruments, said signals being either in the form of
MIDI messages, contact closure, or other formats
(113)

[0121] outgoing audio signals from individual audio-
frequency elements or groups of audio-frequency
elements within the instruments (114)

[0122] incoming excitation signals directed to indi-
vidual audio-frequency elements or groups of audio-
frequency elements within the instruments (115)

[0123] outgoing video signals (such as NTSC, PAL,
SECAM) or image signals sent from the instrument
(116)

[0124] incoming video signals (such as NTSC, PAL,
SECAM) or image signals sent to the instrument for
purposes such as display or as part of a visually
controlled instrument

[0125] The interfaces may be realized by one or more of
any of connectors, cables, fibers, radio links, wireless optical
links, etc.

[0126] 1.3 Signal Routing, Processing, and Synthesis
Overview

[0127] Referring to FIG. 1, the invention provides for one
or more signal routing, processing, and synthesis entities
120. These entities first route and process received audio-
frequency, control, and video signals. Additionally, these
entities 120 may extract control signals from received audio-
frequency and video signals, perhaps under the direction of
selected control signals. Finally, these entities 120 may also
synthesize audio-frequency, control, and video signals, typi-
cally under the direction of selected control signals.

[0128] Again referring to FIG. 1, the signal routing,
processing, and synthesis entities 120 internally may
include:

[0129] power supplies 121 for both internal and
instrument powering

[0130] control signal routing 122 for interconnecting
control signal sources with control signal destina-
tions

[0131] control signal processing 123 for instanta-
neous control message transformations (such as
inversions) and inter-operations (such as averaging,
adding, multiplication, etc.) audio signal routing 124
for interconnecting audio signal sources with audio
signal destinations

[0132] audio signal processing 125 for (typically
real-time) transformations, typically under real-time
control via selected control signals

[0133] wvideo signal routing 126 for interconnecting
video signal sources with audio signal destinations,
typically under real-time control via selected control
signals video signal processing 127 for (typically
real-time) video signal transformations, potentially
under real-time control via selected control signals

[0134] control signal extraction 1284 for the deriva-
tion of (typically real-time) control signals from
audio or video signals, potentially under real-time
control via selected control signals
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[0135] control signal synthesis 128b for the internal
creation of time-varying control signals (such as
low-frequency control oscillators, envelop genera-
tors, slew limiters, etc.), potentially under real-time
control via selected control signals

[0136] audio signal synthesis 1294, typically under
the direction of selected control signals, and typi-
cally as per conventional music synthesizer hard-
ware and software

[0137] wvideo signal synthesis 1295, typically under
the direction of selected control signals.

[0138] program storage 130 for storing configuration
programs and event sequences

[0139] In FIG. 1 it is understood that the elements 121
through 130 represent functional groupings and not neces-
sarily hardware-centralized or software-centralized sub-sys-
tems.

[0140] FIG. 2 shows examples of internal interconnec-
tions among the functional grouping elements 121 through
130 within an instance of a signal routing, processing, and
synthesis entity 120. In FIG. 2, as before, it is understood
that the elements 121 through 130 represent functional
groupings and not necessarily hardware-centralized or soft-
ware-centralized subsystems.

[0141] In the example interconnections, power is distrib-
uted throughout via functional fan-outs 131; here it is
understood that there many be many decentralized power
supplies for the individual subsystems comprising or imple-
menting elements 122-130. Program store information is
also distributed throughout via paths 132 (associated with
specific subsystems of elements 122-129) and/or path 133 to
the control signal routing element 122; typically both meth-
ods are used as portions of the program control may be
stored within individual elements 122-129 and portions may
reside within one or more centralized program store sub-
systems (such as MidiTemp model MP-88, Digital Music
Corporation model MX-8, controlling PC, etc.), comprising
130.

[0142] 1.4 Remaining Document Overview

[0143] With this overview complete, the remainder of the
discussion is organized as follows. The next four Sections
concern instruments 100. First, a number of instrument
element and instrument subsystems are described. Two
subsequent sections then describe a large number of
example instruments that are perfected through applicable
combinations and arrangements of the aforementioned
instrument elements and subsystems of elements; the first of
these sections purely electronic controllers while the second
addresses adaptations of conventional instruments with spe-
cial attention paid to specific nuances and opportunities
within those instruments. Following this, some alternative
audio and control signal sources are then considered.

[0144] Next the general instrument interface 110 is then
considered in additional detail. A subsequent section then
addresses the signal processing, and synthesis entities 120.
A final section provides a few example envisioned applica-
tions of the invention.

Jun. 9, 2005

[0145] 2 Instrument Elements and Instrument Subsystems

[0146] The invention includes a number of electronically
interfaced instruments used by one or more performers.

[0147] These instruments involve either pure electronic
interfaces arranged to form an instrument, vibrating ele-
ments which typically are in arrangements adapted from
existing instruments, exotic electrically-monitored oscilla-
tory elements (such as chemical oscillators), electronic or
numerical chaotic models used as sources, or combinations
of these laid out in an artistically operative and ergonomic
fashion. Vibrating elements within an instrument may also
be made to vibrate via electronically controlled or induced
excitation from magnetic field, piezo electromechanical, or
other electronically-driven or electronically-controlled exci-
tation.

[0148] In general an instrument consists of one or more
instrument elements which may be of one more differing
types or classes. These instrument elements may be thought
of as subsystems within the instrument. For example, a
6-string guitar has six vibrating strings; each string is an
example of a vibrating element. A single electromagnetic or
piezo pickup may be used to amplify the entire group of six
strings. The guitar may also have separate electromagnetic
or piezo pickups for each string, as is commonly done for
adding a MIDI interface to an existing electric guitar. This
example guitar then simultaneously has six vibrating ele-
ments, one group-pickup subsystem, and six single-string
pickup subsystems. The guitar may be further enhanced with
MIDI-command issuing controls, such as knobs, switches,
joysticks, touch-pads, motion/position sensors, etc.; these
represent an additional subsystem. A reduced-size musical
keyboard may be added to the guitar, representing yet
another subsystem.

[0149] Specific classes of instrument elements and/or
instrument subsystems are described in the subsections that
follow.

[0150] 2.1 Electronic Interface Instrument Elements and
Subsystems

[0151] This class of instrument elements and instrument
subsystems do not create audio frequency phenomenon
directly but are rather used to control one or more music
synthesizers, audio mixers, and/or signal processing func-
tions.

[0152] 2.1.1 Proximate, Miniature, and Superimposed
Keyboards

[0153] Standard western keyboards found on pianos, harp-
sichords, organs, and synthesizers are widely used as a
human interface for electronic musical instruments. Some
instruments, such as organs and harpsichords, have tradi-
tionally (for centuries) included two or more such keyboards
to allow the instrument player to rapidly select among two
or more timbres or ranges. The spacing of the keyboards is
almost without exception found to be far enough apart that
a hand must be committed uniquely to a given keyboard for
the moments that the keys are played. This is due to the fact
that the bulk of apparatus under the keyboards, keyboard
frame, etc. prevented the keyboards from being mounted
very close together, re-enforced by the fact that music has
been composed for playing at most one keyboard with a
given hand (although in virtuoso pieces a given hand may
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very rapidly jump among keyboards). One aspect of the
invention expands the usage of traditional keyboards by
removing this limitation via various means.

[0154] 2.1.1.1 Proximate Keyboard Arrays

[0155] One method of implementation is to mount a
plurality of keyboards close enough together that one hand
can, to degrees determined by mechanical details, simulta-
neously play notes on two or more traditional keyboards.
There are three methods for increasing the workable prox-
imity of groups of keyboards:

[0156]
boards

reduce the vertical separation of the key-

[0157] overhang the ends of the white keys on a
higher keyboard over the backs of the white and
black keys of a lower keyboard

[0158] reduce the physical length of the keys

[0159] Many modern electronic keyboards have very shal-
low mechanisms and frames. It is therefore quite straight-
forward to mount two or more commonly available elec-
tronic keyboards employing either or both of the first two
methods. With some overhang and (vertically or horizon-
tally) shallow enough mechanisms, it becomes possible to
play notes on both keyboards simultaneously. In nominal
configurations the thumb-to-pinky reach is nearly the same
across both keyboards. Clearly some finger configurations
are difficult or impossible across the two keyboards, but
there are also limitations in conventional keyboards that are
incorporated in the development of established fingering
technique and respected in keyboard music composition;
similar minor technique development and compositional
respect extensions can be developed for such proximate
keyboard arrays.

[0160] Without reducing the size of the keyboards a single
hand can even make invaluable use of three keyboards
within a confined range; simple example is to add back-up
notes of the same pitch or differing octaves. However, two
hands may use the two-keyboard playing techniques to make
avid use of a three, four, or more proximate keyboard array.

[0161] FIGS. 3A-3C show an example of a proximate
keyboard array. In this example, three keyboards 301, 302,
303 are arranged in an overhanging staircase arrangement.
Three views are shown: a side view 300 (FIG. 3A), a top
view with hidden key areas suggested by dashed lines 310z
(FIG. 3B), and the side view of 300 reoriented as an
orthogonal projection 3106 of the top view 310a (FIG. 3C).
The separation distances 3054, 305b between the tops of the
keys of a given keyboard and the bottoms of the keys of a
keyboard overhanging it should be minimized and in the
limit are just slightly larger than the maximum travel dis-
tance of the overhanging key. The depth of the overhang
3044, 304b is set in the balance between the trade-off of
maximizing desired accessibility to the back of an overhung
key and minimizing the separation distance between the
edges of the keys of two adjacent proximate keyboards. It is
noted that any of the keyboards used here may be either of
a standard variety or any of the more advanced keyboards
described later (miniature, superimposed, multi-parameter
keys, pressure-sensor array, etc.). It is also noted that this
technique may be applied to other types of keyboards with
applicable types of key geometry.
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[0162] 2.1.1.2 Miniature Keyboards

[0163] If the depth of the keyboard is reduced, the span of
a given hand is increased further. This may be done by
making the keys relatively shorter, forming a stubby key-
board, or by shrinking the size of the entire keyboard in all
dimensions. Such miniature keyboards are commonly found
on consumer electronic keyboards and keyboard instruments
made for children.

[0164] Clearly a proximate keyboard array can be created
from miniaturized keyboards. The range of the fingers
within and across individual component keyboards may be
greatly increased in this fashion, albeit with a perhaps
somewhat compromised tradition and technique.

[0165] An additional, and particularly valuable role for the
proximate capabilities of such miniature keyboards is to
mount them, as a component, on an instrument with other
components so as to form a more complex instrument where
free fingers can operate two or more such components
simultaneously. As a simple example, a guitarist using a
thumb-pick or classical guitar technique can easily use free
fingers to play chords, bass lines, melodies, etc. on a
miniature keyboard attached to a guitar.

[0166] FIG. 4 shows an example of an instrument-
mounted miniature keyboard configuration employing one
miniature keyboard 421, in particular an adapted Indian
Sitar 400 with many additional example instrument elements
which will be described later.

[0167] FIG. 5 shows an example of an instrument-
mounted miniature keyboard configuration employing two
miniature keyboards, in particular an adapted electric guitar
500 with many additional example instrument elements
which will be described later. Here note the two keyboards
521a, 521b are proximate enough to allow both keyboards
and the guitar strings to be played simultaneously.

[0168] Clearly these methods of miniature keyboard
attachment(s) can be applied to other instruments (Sitar,
Pipa, Saz, pedal steel guitar, plucked string bass, etc.) as well
as being used to create entirely new types of instruments and
controllers as will be discussed herein.

[0169] 2.1.1.3 Superimposed Keyboards

[0170] Tt is also possible to make contact-closure key-
boards with multiple contact sets that actuate at increasing
depths of key depression. Such keyboards may or may not
have tactile feedback as to each level of actuation. Pratt-
Read manufactured a “double-touch” keyboard for use in
home console organs which closed one set of contacts with
a noticeable restoring pressure at about half of the possible
key-displacement which persisted through full key displace-
ment where another contact set closed at the end of key
travel. Also, many “velocity sense” keyboards are realized
by SPDT switches actuated with each key; here the begin-
ning of key travel opens a pair of contacts and the end of key
travel closes a second set of contacts, but with no mid-travel
tactile feedback.

[0171] In either case, there are one contact closure event
at partial key travel and two events at full key travel. These
events can be interpreted as superimposed keyboards. One
example interpretation is that the first event triggers one
synthesizer voice and the second even triggers a second
voice; in this manner keys struck with partial displacement





































































































































































