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(57) ABSTRACT

Synthesis of time-varying MIDI control signals useful in
creating spatial perturbation, chase effects, new forms of
rich musical timbre modulation, spatially-distributed timbre
constructions, and other types of sonic animation. Phase
staggered multi-channel MIDI-format control signals are
created using one or more low frequency oscillators, each
with a plurality of phase shifting elements. Control signal
waveshapers may be included in the control signal synthesis
chain. In an exemplary embodiment, frequency and phase
parameters are adjustable, with values that may be recalled
from stored program control and/or modulated in real-time
by incoming MIDI control signals. In another exemplary
embodiment, each outgoing control signal additionally may
be independently assigned a selectable waveshape, which is
determined by values that may be recalled from stored
program control and/or modulated in real-time by incoming
MIDI control signals.

100 110 120
INSTRUMENT GENERALIZED INTERFACE SIGNAL ROUTING,
PROCESSING,
AND SYNTHESIS
101 111 121

4—-[ Incoming Electrical Power I*—— ] Power Supply(ies)

102
Electronic
Interface 112 122 123
Elements Outgoing Control Signals ]—V Control Control

103 113

Signal Signal
Routing |Processing

Alternative H Incoming Control Signals l<—

Control Signal

Elements 128a 128b
Control Control
Signal Signal
104 Extraction| Synthesis
Sensed/Excited
I\E/;l'zratmtg 114 124 125
ements
——>1 Cutgoing Audio Signals l—' Audio Audio
Signal Signal
105 115 Routing |Processing

Alternative <—! Incoming Excitation Signals |<*

Audio Signal
Elements
' - 116
106 126 127
Video, Lights, —>| Qutgoing Video Signals I_’ Video Video
Special Effect 117 Signal Signal
Elements i i
© H Incoming Video Signals —|<~— Routing |Processing

107

Program Storage

129a 129b

Audio Video

Signal Signal
Synthesis Synthesis|

130

Program Storage




Patent Application Publication May 4,2006 Sheet 1 of 72 US 2006/0090632 A1
Figure 1
100 110 120
INSTRUMENT GENERALIZED INTERFACE SIGNAL ROUTING,
PROCESSING,
AND SYNTHESIS
101 111 121
<—*| Incoming Electrical Power !4— l Power Supply(ies)
102
Electronic
Interface 112 122 123
Elements —>| Outgoing Control Signals |—> Control Control
Signal Signal
103 113 Routing |Processing
Alternative *——I Incoming Control Signals l<—
Control Signal
Elements 128a 128b
Control Control
104 Signal Signal
Extraction, Synthesisl
Sensed/Excited
g/libratintg 114 124 125
ements ——>| Outgoing Audio Signals '—P Audio Audio
Signal Signal
105 115 Routing |Processing
Alternative 4—1 Incoming Excitation Signals |<—
Audio Signal
Elements
' e 116
106 126 127
Video, Lights, > _Outgoing Video Signals _[—» Video Video
Special Effect 117 Signal Signal
El t i P i
ements Incoming Video Signals I Routing rocessing
107 129a 129b
Program Storage Audio Video
Signal Signal
Synthesis Synthesis
130

Program Storage




Patent Application Publication May 4,2006 Sheet 2 of 72 US 2006/0090632 A1

Figure 2
110 120
GENERALIZED INTERFACE SIGNAL ROUTING, PROCESSING, AND SYNTHESIS
111 121 130
<—| Incoming Electrical Power l<—<-| Power Supply(iesﬂ ,,I Program Storage J
[} v b |
TR R
v__/ . . Y/
131 134 1133 132
! | 123
1 [}
112 122 ! ' Control
) .
——>| Outgoing Control Signals I—P ----- - Control - Prfcl:ggzilng
P
113 Signal mlll
Routi
<—( Incoming Control Signalsg'<—4 ---- outing . 128b
\ X A RS ™ Control
I oo ! N Signal
! Lo | RN Synthesis
e
N T4 _129a
S > Audio
114 124 V e ! Signal
1 ] 1 .
—>| Outgoing Audio Signals f—’—’ Audio <: o o Synthesis
1 8 S
115 Signal : : L\ RN a 125
Routi L . -
4——'| Incoming Excitation Signals I<—<— outing < ! + 128a S. “\l - Qi;(rj\I:I
; 1 Processing
’ Control NS
/ Signal | | "~a 129b
, Extraction | i
116 126 / : g.‘d‘”
. . R N |gnal_
—>| Outgoing Video Signals l—>—> Video |g S Synthesis
117 Signal N
<—| Incoming Video Signals I<—<— oUiNg | - Video
Signal
Processing




Patent Application Publication May 4,2006 Sheet 3 of 72 US 2006/0090632 A1

Figure 3A

304a 304b
301

% 303

305a ~
300 305b
Figure 3B Figure 3C
301 = 301
1
! } 305a {
b A
=
302 = 302
, [
o } 305b {
b4
‘I [
o
303 | 303
] I
o

310a 310b



Patent Application Publication May 4,2006 Sheet 4 of 72 US 2006/0090632 A1

Figure 4 401.52 4014 401.3
401.5b |/// 401.2
N\ /7 a0
02d
424 ///4163
416b J i Zﬂ/ 421
Y %
405b f ~ ///
403 Wil =
~
405a - =
402b \
e Q) I
400 -***9\\+ l
\ —— 8
—— ‘
—_ G
—_—— 8
_____,_///} 419

414 iJ \
4 402c¢
413 4022



Patent Application Publication May 4,2006 Sheet 5 of 72 US 2006/0090632 A1

Figure 5 i
501.6 — ]
501.5 —T1
501.4
501.3
501.2
501.1
521a
521b
500 514a
/‘!
G
\ o) g\k__/sm
© /]
A o |5 516
| a
oy = 1
508 ~ u
505b NG &b D P :‘ :=| 11 520
503 ‘( - [
502a NeXREEEDD H
526 7™ :j -
502¢ S i : ]
D L 1S
YYYXY) -1 T—~516b
523c ARNS |
- m =
523b /
523a
7

[ 00000000

524




Patent Application Publication May 4,2006 Sheet 6 of 72 US 2006/0090632 A1

Figure 6A 602

603

Figure 6B

606

602

601

603




Patent Application Publication May 4,2006 Sheet 7 of 72 US 2006/0090632 A1

Figure 7A 602
601
603
Figure 7B
606
602 7
601

603




Patent Application Publication May 4,2006 Sheet 8 of 72 US 2006/0090632 A1

Figure 8
801.1, 800.1,
\ L)
802
'I\‘ > -
11
[ K
[} eys
v Key
v > - Control of
v ) Strumpad
ngnmon " Muxing | syitches
Address ot
Sequencer = | o
[ ]
: Vo [}
R -
~ [}
804 [ A
803.1
806
Scan S 801.n 800.n\
\
+ . \ \
a2
Interpret
. | ]
[A)
< — » Keys
s 1 . Key or
- Control | Strumpad
Vo " Muxing | Switches
- e —
805 Dho
LI =
L |
v
803.n




Patent Application Publication May 4,2006 Sheet 9 of 72 US 2006/0090632 A1

Figure 9
905
901.1 902 Stored Program
\ \
Strum-pad \ A
note | REassign to each 908.1
' event received note: Rlc\)ALJIErl
Con’\\lﬁgtllonal msgs | ¢ Potentially new 9 908 .2
' 903/ channel # + Channel .
'I(ri};?fc;a(:; e Potentially new Splits :
. Electronics note # 908.M
7 907
\\ 904/
901.n




Patent Application Publication May 4, 2006 Sheet 10 of 72 US 2006/0090632 A1

Figure 10

1050

1001.1 1011.1

\" “““ ?
: — 1051

1002.1 1012.1

1003.1 1013.1

_______

:

1003.k 1013.k =




Patent Application Publication May 4, 2006

Sheet 11 of 72 US 2006/0090632 Al
Figure 11
Constant |__-1101
Current
Source
/1102a
1102b ——1106a
T~ * _ 1109a
/
1110
1100 _-1106b ™~1108a
— ¢
\1103 Nominal
1104—_| Voltage
F— \r1106c Reference
1113
1100a l————1106d /
1105— A —1106e 1112
l——ll%f 1111
1108b
*//1106g 1109
f / 1107a
1107b /
/ Bias
AW Voltage

Source




Patent Application Publication May 4, 2006 Sheet 12 of 72 US 2006/0090632 A1

Figure 12
Null/Contact Interface MIDI
: . Message
Touchpad . Electronics : 3 =

Assignment \

/ 1205
1200 1202 1201 1204 1203 |



Patent Application Publication May 4,2006 Sheet 13 of 72

Figure 13

US 2006/0090632 A1

Pressure Sensor
Array Touchpad —1300 ‘
¢ oy 1302
Data Aquisition 1301
1304 —-¢ A 1308
1303__ Region Define
1306%——¢ ‘ 1307
1305—_ Region Classify
¢‘_‘_~— 1310
1309 —_ Parameter Derive
¢ 1312
Control Signal
1311— Assign

¢\1313



Patent Application Publication May 4, 2006 Sheet 14 of 72 US 2006/0090632 A1

Figure 14
1410

1™~ 1400
1400

1422

0
)

]
1
¥

:

D

D

D
1y
D
B
D

T

i

1400

00




Patent Application Publication May 4, 2006 Sheet 15 of 72 US 2006/0090632 A1

Figure 15
1504
. Flat Finger - ti
e 1501 ing segﬁ’nemO”"“a Thumb
1500
- - flat 1502 - mid
End Finger (::) ségkent (::)1504b 1505
. d -
presse 1503 segment( ) 1504¢
) Cuff
Wrist Palm
1507 1508
1506
1513¢
1512
Whole
Hand
Flat: 5
Spread 13
1511 1511a 1511b Fingers
Whole <
yihol @ 1513d
Fist Df&

1512b

1511¢



Patent Application Publication May 4, 2006 Sheet 16 of 72 US 2006/0090632 A1

Figure 16

1614 1600

vV )




Patent Application Publication May 4, 2006 Sheet 17 of 72 US 2006/0090632 A1

Figure 17

1701 1703 1704 1705 1706

/

=

|

| 1707

L1708

\—/7 / 1702

//
5
7
P
Y

/1 /
iV
W




Patent Application Publication May 4, 2006 Sheet 18 of 72 US 2006/0090632 A1

Figure 18
increasing
brightnesgs 1801a
1811
oboe
1814
1802b @ | 1802a
decreasing increasing
bite -t P bite
1815
1816
1813

french
horn

decr'easing 1801b
brightness



Patent Application Publication May 4,2006 Sheet 19 of 72

Figure 19
1906a
906b
1906

1901 1902 1903 1904 1905
1900

US 2006/0090632 A1

1910

NULL
N/
1400a

1920

1930

1400c



Patent Application Publication May 4, 2006 Sheet 20 of 72 US 2006/0090632 A1

Figure 20

2000
/
2011
D
—p——2012

———
[ +—am

2000
/
——2032
2031
2000
e - ~

Ve
Ve ~N
04— ] I TV



Patent Application Publication May 4, 2006 Sheet 21 of 72 US 2006/0090632 A1

Figure 21

2103

\\ 3}00

,//”’/’/:22:5& [::::]‘-2102
\\\\2101




Patent Application Publication May 4, 2006 Sheet 22 of 72 US 2006/0090632 A1

Figure 22

2203 2204

2201 speaker power amplifier
vibrating element
U
2202 acoustic
coupling

transducer 2206

electrical signal

2203



Patent Application Publication May 4, 2006 Sheet 23 of 72 US 2006/0090632 A1

Figure 23
2201 2208
vibrating element electromagnetic coil
' ..... l ','.".l‘ .;".---"‘.. f
m o v C ‘—
2202 electromagnetic C
coupling coil’s power
transducer 2209 ey
2207
output---—
2210 electrical signal

2203



Patent Application Publication May 4, 2006 Sheet 24 of 72 US 2006/0090632 A1

Figure 24
2400
2}101 J/
AKX 8 5 B
2411 2413a 2413b
2412
2400
2421 1’_" .
‘_'>
2401

2422



Patent Application Publication May 4, 2006 Sheet 25 of 72 US 2006/0090632 A1

Figure 25

2201

vibrating element

2202
transducer

|

O

RYAN

electromagnetic %

coupling
2209

2208
eIectrom/agnetic coil
0
( --—
.
coif's power
amplifier
2207

output---
2210

electrical signal
2203

signal processing

2211



Patent Application Publication May 4, 2006 Sheet 26 of 72 US 2006/0090632 A1

Figure 26
2209.1
2201.1 ;
— ot coupling 2208
vibrating element .
2 electromagnetic - electromagnetic coil
AVAVE ¢
. C
b ;
' | "' ‘. ," ’. \
: ¢
ibrati i power
. vibrating element €16 G amplifier
rameReEt 220L.n 2209.n 2207
output---§
2210 electrical signal
2203 signal processing

2211



Patent Application Publication May 4,2006 Sheet 27 of 72

US 2006/0090632 A1
Figure 27
OOODOOODOD 2716
PO P g v g s
2714
2713
2711
2712
2720
SN 2724
OO OO OO l 2723
2721 2722
|
2730

2733

2731




Patent Application Publication May 4, 2006 Sheet 28 of 72 US 2006/0090632 A1

Figure 28
2803 ‘ 2804
2802 2801
_~2810c
2812
—— 2810a
2813
~

——2810b




Patent Application Publication May 4, 2006 Sheet 29 of 72 US 2006/0090632 A1
Figure 29
2920 ‘
290? '\ 2?21 2906 2?05 2907 2990 %gpo
// Z //
AN o 0
| =2 = % %
M i =
s P P
HHE HH = E
| =2 = = = ] Y
_lBEa B8 8u
%922
2940
\ 2902 29()\5 29([)1 29103 2?04
g ==
| 22 D2 2= | =& R S S
= &2 2 &2 &
c===== | I | )|
= o =
Y8 B B BB
= 1 2 2 2 &
= = = = L NP N L P
= == H - A
L ot =2 = = P P 2D
EEEEEEIEEEEERE
2042 2941

2900



Patent Application Publication May 4, 2006 Sheet 30 of 72 US 2006/0090632 A1

Figure 30
3006
/
R
! AN 3005
3003— — 3004
3002 000
3007—f — 3008
001
3010
-— — -
3012
L | 3011
30002 | 3013 ™ 3000b
\_/ \_/

3014



Patent Application Publication May 4, 2006 Sheet 31 of 72 US 2006/0090632 A1

Figure 31
3102 3106
3107a % o /
DDO D@
T1deresy/
g ; 0000000
S qOn000n B 0000000
=5 0o Dﬂﬂgmm
3 V“‘J_m
—7—
]

i ]
3100  3107b 3107c 31042  3104b




Patent Application Publication May 4, 2006 Sheet 32 of 72 US 2006/0090632 A1

Figure 32
306
3204
Q,
3107a ®®®®®®®§/
BASARY

=——— h=

goooooad

O\ —
Q2] —
000 000K
2 G
s =
O\ \\ \\
\ \ \

3100 g\07b ;\07c \\ 3202 3101




Patent Application Publication May 4,2006 Sheet 33 of 72

US 2006/0090632 Al
Figure 33
3306.1

3307 3306.2

3303 3306.n

4l
e e

—
o A
o T
© —kﬂf‘. H=
Awl
W \\ A
3304a 3300 3301

3305















































































































































































































































































