Strange Brew - Musical Instrument Patents
through the ages

Mark Kahrs
Currently visiting Musical Acoustics Group
University of Edinburgh



Talk outline

1. Introduction

2. What are patents?

3. How to read a patent

4. Musical Instrument Patents
(a) Electric guitars

(b) Physical modeling

5. Patent Research

6. Conclusion



Introduction to patents - Why should you
care?

e Unheralded method of publication

— Some companies don't publish
(Yamaha)

— Very popular in audio

e Patents can be money (ask CCRMA)

e Patent rights can be traded

e Can be entertaining

e Illustrate technological history



What are patents?

e Legally grant exclusive rights to the
assignee for a limited period of time

e Utility: Protect a practical concept/idea

e Design: Protect a specific implementation



How to read a US patent (new style)

1. Read the first page:
(a) Title, inventor, assignee
(b) Dates filed and granted
(c) References to past patents
(d) Abstract

(e) Enticing figure

2. Skim the figures

3. Read the body: Explanation (refer back
to figures)

4. Legally concerned? Read the claims



USDOSTR6541A

United States Patent 9 (1) Patent Number: 5,786,541

Komano et al. 1451 Date of Patent: Jul, 28, 1998
[54] MUSICAL TONE SYNTHESIZING 571 ABSTRACT

A A musical ioee synthesizing apparams is used io synthesize

[78] Investors: Takeshi Komano: Yolchiro Ogal. both musical-tone waveforms om the basis of simulation of a

of Hamamatsu. Japan tane izm of a musical i Herein,

a drive signal is generated based on an excitation eavelope

[T3] Assignee: Cor tion., H it signal in scvordance with a manipulation of performance

Japan. made by & human operstor (e.g. peformer) and is then

d 1o an ion signal in with an

0. BBEG aperating behavior of the musical instrumem. For cxample,

[21], Appl Na: =8 the operating behavior indicates a behavior of a reed postion

[22] Filed: Miay 14, 1997 of & wind instrument 1o which breath @ blows e or B

indicates 8 behavior of » string of a strimged [nstnimest

Py Foreign Application Priority Dats which iz siriken or plucked. The cxcitation sigasl is inpet 10

May I8, 198 [IF]  Japan o B-148318 a physical-model wound source realizing lm;;-bndﬂ
wibrating- models. The ical-meodel sound sowrce

[51] WL CL® o GIOHL 17057 Pertum:;b::l{-umimi_ |1m-|F.|:z‘LIng the tone-gencration
[52] US. CL B4%63  pchaniom of the musical instrument. oa the caciation
[58] Field of Search ... . BAAZT. 663, TO2. signal to produce a musical fooc signal An smplitude
B4M03. TIR emvelope signal as well as an effect arc impansd to the

musical tone signal. thus providing & synthesired miasical

[56] References Chied tone oulpul. The excitstion envelope signal and amplitude
cavelope signal are contralled in level in a varery of ways

LS. PATHNT DOCYIMENTS in response 10 an instruction to gencrale & fexl note during
527227 110953 Kumimeio geseration of & currenl note. For example. formation of an
SIBE006 21994 Yamauch: affack portion s staned 1o follow a current level of the
3438156 B1955 Masoda et o excitation emvelope signal. whilst the amplitude envelope
signal is damped in lovel 1o a damg level. then. formation of

FOREIGN PATENT DOCUMENTS an atiack portion is stamed to follow the damp level of the
546179 21097 Japan amplitiede _:mdn[ge _slgm.'lmmum: cuuilml.l.ingnlm
S-4M079  &1990  Japan cnvelope signals. it is poisible to realize special tochnigues
6250087 W94  Japan af performance dach &5 oms-nole-by-onc-note crescendo

withoul causing delay in geseration of notes,
Primary Exzminer—Stanley J. Witkowski
Anarney. Agent, or Firm—Graham & James LLP 1% Claims, ¥ Druwing Sheets
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Inventors: Komano, Takeshi (Hamamatsu,
JP), Ogai, Yoichiro (Hamamatsu, JP)

Filing Date: 05/14/1997

Publication Date: 07/28/1998

Assignee: Yamaha Corporation (Hamamatsu,
JP)

Primary Class: 84/663

US Patent References: 5272275 Dec, 1993
Kunimoto. ; 5286916 Feb, 1994 Yamauchi.
- 5438156 Aug, 1995 Masuda et al.

Foreign References: 5-46179 Feb, 1993
JP. ; 5-143079 Jun, 1993 JP. ; 6-259087
Sep, 1994 JP.



Abstract

A musical tone synthesizing apparatus is used to synthesize
musical-tone waveforms on the basis of simulation of a
tone-generation mechanism of a musical instrument. Herein, a
drive signal is generated based on an excitation envelope signal in
accordance with a manipulation of performance made by a human
operator (e.g., performer) and is then converted to an excitation
signal in accordance with an operating behavior of the musical
instrument. For example, the operating behavior indicates a
behavior of a reed portion of a wind instrument to which breath is
blown in; or it indicates a behavior of a string of a stringed
instrument which is striken or plucked. The excitation signal is
input to a physical-model sound source realizing
resonating-body/vibrating-body models. The physical-model
sound source performs calculations, simulating the
tone-generation mechanism of the musical instrument, on the
excitation signal to produce a musical tone signal. An amplitude
envelope signal as well as an effect are imparted to the musical
tone signal, thus providing a synthesized musical tone output.
The excitation envelope signal and amplitude envelope signal are
controlled in level in a variety of ways in response to an instruction
to generate a next note during generation of a current note...
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Patent class 84/663

1

600
647
662

663 .

DF  INSTRUMENTS {9}
~ Electrical musical tone generation {5}

DF
DF
DF

~ o~ o~

~

~

~ Digital combinational circuit {7}
~.” Expression or special effects {3}

~ Envelope shaping (i.e., attack, decay, sustain, ¢



US04 EL00N

a2z United States Design Patent .o Patent No.: US D484,490 S
Lewis (a5 Date of Patent:  ss Dec. 30, 2003

LAKER

54)  LOUDSE EA LT T R & | 1-11:
41593 Nepishi ol ol —.oien DIRTLF
1205 Bootbroyvd et al R
19 Freadaun
TN Salkad

175y Inventor:  David Lewis, Copenbagen (1K)

73 Assignee: Bang & (lufsen, SA., Stuer (DK)
%) Term: 14 Yeurs * cited by examiner

2 L Mas: 29/ 166,065 Primurry Examiner—Nanda Fondade
2y n - 29|
o {57 CLAIM

{22y Filed: Sep. 8, 2002 2
1 cladm the ornamental desiga foe the hudspeaker, as shown
{30 Forelgn Application Priority Data and described.

Jun. 3, AT (EHR) ittt SRR OIS DESCRIPTION

(51} LOC T CL - 1401 FlG. 1 5 2 top nght perspoctive view of the front of a
32) US.CL ... 4216 lmidspeaker of the present invention;
{54)  Ficld of Search . DNLA20d, 20T, FIG. 2 is & top keh pemspective view of the near ihereal;
D4200-216, 356, IBL/ 143145, 147-148, PG, 3 s a from view thoreal;
150, 153, 157, 1US—199 38 500010 FIG, 4 is & rear view (hereod;
WG, B34, 145, 36364, IE6-28 FIG. 8 is & kel side view theseol,
FIG, 6 is 3 nght side view thereof,
L) References Clted FIfG. 7 = op view thercoll and,

LS. PATENT DOCUMENTS PG B s 8 botom view (ool
D2MPIT & 0 NEGTA BHaEBON .eieeneees DAL 1 Chislm, 7 Drwwing Sheets

Design patent example
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Electric Guitars

e Invented by Beauchamp & Rickenbacker
in 1931 (filed in 1934, granted in 1937)

Body resonance a problem

e Les Paul creates “The Log" (not patented)

A 4x4 post with two halves

e Leo Fender invents the solid body - 1943
(filed in 1944, granted in 1948)

e Theodore M. McCarty [Gibson] (with as-
sistance from Les Paul) invents the electric
acoustic - 1953 (filed in 1953, granted in
1955)

11



Electric Guitars: cont'd

e Fender invents the Stratocaster - 1954 (patent
applied for 1958, granted in 1960)

e Fender invents the electric bass - 1954 (patent
applied for 1958, granted in 1960)

e Seth Lover invents the humbucker - 1955

12



2,089,171

Aug. 10, 1937. G D. BEAUCHAMP
ELECTRICAL STRINGED MUSICAL INSTAUMENT

Filed Juns 2, 1934

3 Sheels-Sheet 1

28
22 :

7l

;?,

"
3

e
.

-

Beauchamp and Rickenbacker’'s *‘frying

pan
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“Frying pan’” claim

“A pick up unit for use with the vibratory
strings of a musical instrument, including a
permanent magnet, a coil supported by the
magnet between its poles, means mounting
the magnet to have the strings, and core

members within the coil each having an end
facing a string”

14



Les Paul creates a guitar

— e

(but doesn’t patent it!)
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Dec. 7, 1948. C. L FENDER ETAL 2,455,575

PICEUP UNIT FOR INSTEUMENTS

Flled Sept. 26, 1944

W 3w

Leo Fender solid body
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Fender claim:

“...to provide an electrical pickup which may
be associated with any type of stringed
instrument such a guitar, violin, piano and
many others”

“A pick-up device for stringed musical
instruments, comprising a pair of U shaped
pole pieces disposed with their leg portions
confronting but spaced from each other
forming pole tips...”

17



Aug. 2, 1955 M. M 2,714
STRINGED I.IIJS:LTA:T Iifﬁmﬂ&?%;"l‘?ﬂ GUITAR TYFE * Iazs
AND COMBINED BRIDGE AND TAILPIECE THEREF(OR
Filed Jam. 31, 1883 2 Sheots-Shost 1

O rdrbre /7 ?.;’Q},—ﬂ;/jp
ay

& 2ol

Gibson’'s Les Paul Acoustic
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McCarty's claim: 1/12

“A stringed musical instrument of the class
described including a body and a neck, a
pbar-like bridge member having a longitudinally
and transversely curved string supporting face
and having inwardly and rearwardly inclined
string bores provided with enlargements...”

19



April 10, 1956 €. L FENDER 2,741,146
TREMOLO DEVICE FOR STRINGED INSTRUMENTS
Filed Aug. 30, 1854

INVENTOR
CLReeneE L. EVame

) zf"‘"’fﬂ

Arroevars

Fender Wang Bar
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Nov. 22, 1960 ©. L. FENDER 2,960,900
GUITAR
Filed Jan. 13, 1958

(also Design Patent D186826)
Fender Stratocaster
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March 24, 1953 C. L FENDER Des. 169,062
GUITAR
Filed Mov. 21, 1952

Flo. 4.

Fie, 1
Fe L.
Flo, &

- -
L D -

INVENTOR,
CLRARENCE L. FENDER

" Ger

ATTOENEYS

Fender “Precision Bass'
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July 28, 1959 5. E. LOVER 2,896,491
MAGHETIC PICKUF FOR STRINGED MUSICAL INSTRUMENT
Filed Juna 22, 1855 2 Eheets-Sheat 1

INVENTOR
Feit L Lover

U#a Eek

AP

Lover’'s humbucker
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Lover’s claim: “A magnetic pickup for a stringed
instrument comprising an elongated permanent
bar magnet magnetized from side to side, a
plurality of pairs of cylindrical pole pieces of
magnetizable soft iron material arranged at spaced
intervals along said magment...a first coil wound
around all the pieces on one side of said mag-
net, a second coil wound around all the pieces
on the other side of the magnet, one end of
each coil being electrically connected to the
end of the other...”

24



Summary of electric guitars:

e First: metal strings 4+ electrical pickup

e [ hen: improvements to pickup

e Next: solid body

e Now: composite materials

25



Physical Modeling: physical model 4+ waveg-
uide 4+ string(s)

e Multidimensional digital waveguide signal synthesis
system and method US Pat. 5471007 - Filed May
4, 1993 - The Board of Trustees of the Leland
Stanford Junior University

e Music synthesizer system and method for simulat-
ing response of resonant ... US Pat. 5466884 -
Filed May 10, 1994 - The Board of Trustees of the
Leland Stanford Junior University

e Digital waveguide speech synthesis system and method
US Pat. 5528726 - Filed May 8, 1995 - The Board
of Trustees of the Leland Stanford Junior University

e Multidimensional digital waveguide signal synthesis
system and method US Pat. 5614686 - Filed Nov
27, 1995 - The Board of Trustees of the Leland
Stanford Junior University

e Method for inharmonic tone generation using a cou-
pled mode digital filter US Pat. 5748513 - Filed
Aug 16, 1996 - Stanford University

26



Physical Modeling: physical model 4+ waveg-
uide 4+ string(s)

e Method and device for setting or selecting a tonal
characteristic using ... US Pat. 5739454 - Filed
Oct 24, 1996 - Yamaha Corporation

e Efficient synthesis of musical tones having nonlinear
excitations US Pat. 5777255 - Filed May 2, 1997 -
Stanford University

e Synthesis of sounds played on plucked string in-
struments, using computers ... US Pat. 6011213 -
Filed Sep 24, 1997 - Sony Corporation

e Method for evaluating quality of service of a digital
network connection US Pat. 6801939 - Filed Oct
10, 2000 - Board of Trustees of the Leland Stanford
Junior University S

27



United States Patent o
f:n Duyne et al.

0 Y O A 0 T O
USO05471007A

(1] Patent Number:
145]  Date of Patent:

5.471,007
Nov. 28, 1995

(54] MULTIDIMENSIONAL DIGITAL
WAVEGUIDE SIGNAL SYNTHESIS SYSTEM
AND METHOD

|75] Inverors: Seott A, Van Duyne, Stanford; Julins
0. Smith, I, Palo Ao, bath of Calif.

[73] Assignee: “The Board of Trustess of the Letund
Stanford Junior University, Stanford,
Calif

[21] Appl No.: $7,283

i22] Filed: May 4, 1993

1511 et CL° .. e GIOH LO2; GLOH 1112
GLOH 1546

[ 1 I 15 o AT — e BAIGLE, BAMGSH

Search ___wszz 659; 333728 R,
33326 T, 157, 629, 633, DIG. 9, DIG. 10
| 561 References Cited
LS. PATENT DICUMENTS
4984376 11991 Smath .

Primary Examinsr—William M. Shoop, Jr

Asrxirigm Exprminer—ieffrey W, Donels

Attormey, Agend, or Firm—Flehr, Hobbach. Test, Albrinon &
Herbert

157 ABSTRACT

A sigrml synthesizer oses o digitnl wovegoide network

[58] Field of

having =t least @ two dimensional mamrix of waveguoide

i i by i to filier one or mare
excitation signals so as 1o generate an army of synihesized
oulpui signals. The digital waveguide nelwork bas scls of
waveguide sectoms interconoected by jumciions, Each
waveguide section includes two digital delay fincs mmning
paraliel 1o each other for propag signals in
directions and each junction has reflection and propagation
coefficients essigned 1o il for controlling reflection and
propagation of signals in the waveguide sections connecied
1o that function. Exceps for junctions along boandaries of the
digital waveguide matrix, each junction is o least o four-way
Junction that imerconnect a1 keast four waveguide sections so
as to scanter and intermix signals in fowing through these
wavegubde sections, Al least one signal source, coupled (o
specified junctions of the digital waveguide ncowork, poo-
vides excitation signals fo the digitl waveguide network. In
addition, 8 parameser memory stores sets of control param-
eices, including waveguide control parzmelens fos control-
ling bow the digiial waveguide network filters signals propa-
pating therethrough and signal source parameters which
govern U excitnion signals produced by the signal sounce
or sources. Finally, & digital signal processor or controller
operaica the signal sources and dEgitl waveguide necwork
using a selected set of the control parameicry. =@ 48 o
synthesize an amy of outpul sigoels,

10 Claims, 24 Druwing Sheets

First 2-D waveguide patent
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Things to notice

e Cited by 83 patents... and ...

e Only one backward patent (4,984,276 [Smith])

o 4,984,276 is cited by 120 patents!

29



United States Patent (9 (1] Patent Number: 4,984,276
Smith [45] Date of Patent: Jan. 8, 1991
4] DI IGN.
(54 W, fleéL“mS EIBALWP,‘R;O OCESSRKS ING USING OTHER PUBLICATIONS
: n e % H. Kimura, “Generalized Schwarz Form and Lat-
[75] Inventor:  Julius O. Smith, Menlo Park, Calif. - "HS 29008 wed = Digital Filters,” IEEE
[73] Assignee: The Board of Trustees of the Leland Transactions on Circuits and Systems, vol. CAS-32, No.
Stanford Junior Uni ity, Stanford 11, Nov. 1985.
H. Kimura et al., “Canonical Pipelining of Lattice Fil-
R ters,” IEEE Transactions on Acoustics, Speech, and Sig-
1] Appl.No.: 414,646 nal Processing, vol. ASSP-35, No. 6, Jun. 1987.
[22] Filed: Sep. 27, 1989 Maurice Bellanger, Digital Processing of Signals Theory
and Practice, John Wiley & Sons, copyright ©) 1984,
Related U.S. Application Data Library of Congress Catalog Card No.: 83-17035, pp.
[63]  Continuation of Ser. No. 275,620, Nov. 14, 1988, aban. 229239 & 362-368.
doznﬂ‘:-’ \"ll;::ﬁh isa w::;'“-l‘ﬁ"hqf Ser. ';‘i:- 9(?0-7‘_’1- Primary Examiner—Forester W. Isen
t. 17, , abandoned, which is a continuation-in- 4 - Agent, irm—S; Horn Jubas &
part of Ser. No. 859,868, May 2, 1986, abandoned. g TFirm—Spevaley Hom. Jubas
[51] Int. CLs ... H03G 3/00 ABSTRA
[52] 381/63; 847630, L1 ) CE . )
84/707 Disclosed is a signal processor formed using digital
[58] ... 84/630, 707; waveguide networks. The digital waveguide networks
364/724.11, 724.15, 724.16; 381/63 have signal scattering junctions. A junction connects
156] Ref Cited two waveguide sections together or terminates a wave-
eferences

U.S. PATENT DOCUMENTS

4,344,148 8/1982 Brantingham et al.
4,389,540 6/1983 Nakamura et al.
4,548,119 10/1985 Wachi ct al.
4,554,858 11/1985 Wachi et al.
4,633,500 12/1986 Yamada et al.

- 364/724
364/724 X
84/1.19
84/1.19
. 381/51

guide. The junctions are constructed from conventional
digital components such as multipliers, adders, and
delay elements. The signal processor of the present
invention is typically used for digital reverberation and
for synthesis of reed, string or other instruments.

16 Claims, 8 Drawing Sheets

51
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T he waveguide patent
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Things to notice

e Cites 5 patents backward

e Has two corrections at the end

e 4,984,276 is cited by 120 patents!

e Restrict by ‘“string”: 26 patents

31



United States Patent pg

Kunimoto et al.

O

5,157,218
Oct. 20, 1992

Patent Number:
Date of Patent:

(1]
[45]

[54] MUSICAL TONE SIGNAL FORMING

APPARATUS
Inventors:

{751 Toshifumi Kunimoto; Akira

hi, both of H.

Japan

Yamaha Corporation,
Japan

557,963

[22] Jul. 26, 1990

[30] Foreign Application Priority Data

Jul. 27, 1989 [JP)
Jul. 27, 1989 [JP)

[51] Int. CLS
[52] Us.cL
[58] Field of Search

H

3 A

[21] Appl. No.:

Filed:

Japan
Japan

G10H 1/14; G10H 5/02
84/659; 84/661
84/659-661,

84/670

[56] References Cited
U.S. PATENT DOCUMENTS

4,475,229 10/1984 Frese
4,736,663 4/1988 Wawrzynek et al

381/63
84/DIG. 9

FOREIGN PATENT DOCUMENTS

0248527 4/1987 European Pat. Off. .
63-40199  2/1988 Japan .

Primary Examiner—William M. Shoop, Jr.

Assistant Examiner—Brian Sircus

Attorney, Agent, or Firm—Graham & James

[57] ABSTRACT

An electronic musical instrument provides a musical
tone signal forming apparatus in order to sound a desir-
able musical tone. This apparatus includes a closed-loop
wherein a signal is repeatedly circulating while being
delayed by a delay circuit. In addition, the signal circu-
lating the closed-loop is subject to the non-linear con-
version. Thus, the signal picked up from the closed-loop
can be controlled in response to the desirable non-linear
characteristic. Preferably, the signal circulating the
closed-loop is a musical tone waveform signal. For
example, the musical tone waveform signal is varied in
response to the feature of string, string bowing pressure
and the like. Further, hy is ck istic simulat

ing the statical and dynamic frictions to be occurred
between the string and bow of the string bowing instru-
ment can be imported to the non-linear characteristic.

4,882,965 11/1989 McClish . 84/453
4,984,276 1/1991 Smith .. 84/630 X 9 Claims, 4 Drawing Sheets
vo Fb  lo4b IO
I o
T+ DELAY
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103b
104a &

Typical Yamaha patent
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United States Patent s {11} Patent Number: 5,212,334
Smith, 111 [45] Date of Patent: May 18, 1993
4] DIGIT,
B T s FROCENING NG OTHER PUBLICATIONS
. 4 “Piano Tone Synthesis by Computer Simulation-Digi-
[75] levemor:  Julius ©. Smith, 111, Paio Alto, Calif tal Filter Method™ by Jsao Nakamurs, Jumichire
[73] Assignes: Vamahs Corporstion, H b o i, Apr. 1977,
Japan “Extended Application of Digital Filier Method to Plu-
ral Strings™ b nobu T i, Ot
[21] Appl No. 568,609 l%l.mss ¥ lsao Makamura, Hira akag,
2] Filed “Elimination of Limit Cycles and Overflow Oscillations
B Avg; 15,1990 in Time-Varying Lattice and Ladder Digital Filters™,
Related LS. Application Dain "J;v"::l? Smith, CCRMA, Dept. of Music, Stnford
[60)  Division of Ser. No. 414,546, Sep. 27, 1989, Par No.  *Wavegwide Digi! Filters”, by Juliss O. Smith,
m:‘-];'ﬂ:ﬂ i a mﬂ'ulg: of Ser. Mo !‘I'S-ﬂ; CCRMA, Dept. of Music, Stanford University.
i bad b W e A “New Approach to Digital Reverberation using Closed
Ser. No. 820,701, Oct. 17, 1986, shandosed, which is a Waveguide Networks™, by Julius O, Smith, CCRMA,
Copmmmion-n-pany of fer- No. S35 May 11996yt of Mumsic, Stanford Unlveraiiy
“Functional Model of s Simplified Clarinet”, by
151 Iot €17 oo GIOH 102 GIOH 1412;  Stephen E. Stewart, et al,, Deparment of Physics and
GIOH 1746 Astronomy, Brigham Young University, accepted for
[52] WS O BA/BT; B4/629;  publication Apr. 5, 1980, pp, 109-120.
B4/633; B4/DIG. 9; B4/DIG. 10 “Self-Sustamead Oscillations of the Clarinet: An Infe-
i8] . B4/622-625,  gral Equation Approach™ by R. T. Schumacher, Dept.

[26]

B4/629, 630, 613, 648, 661-665, 675677, 699,
00, 107, Tis-741, DIG. 2. DIG. 10, DIG. 11,
DIG. 26

References Cited
U.S. PATENT DOCUMENTS

Re 300 RB/1982 Niimi

Smith again, different assignee

3,347,973

& 554 848
4622877
&/633,500
4,640,703

FOREIGN PATENT DOCLUMENTS

5848109 101583 Japan
SH-5E6TH 1271983 Japan |
Fe-T06 31584 Japan
59.19355 371584 Japan
5919354 571984 Japan |

of Physics, Carnegie-Mellon University. pp. 298-309.
(List continued on next page )
Primary Examiner—Stanley J. Witkowski
Aseorney, Agent, or Firm—CGraham & James
[57] ABSTRACT
A tone generation system includes one or more digital
waveguide networks coupled 1o one or more junctions,
one of which receives a control signal for controlling
tone generation, The conirol signal initintes and imter-
acts with a wawve signal propagating through the wave-
Euide networks to form a tone signal A non-lmear
Junction may be emploved which receives s signal from
u waveguide, converts it in accordance with a non-lin-
ear function based upon the value of the contral signal
and provides it back 10 the waveguide. A fone signal
whose piteh 8 determined by the wave transmission
characteristics of the waveguide network i thereby
produced.

61 Claims, 7 Drawing Sheets

=1
TRL
V&R (5!4 t rﬂz {55_2
e ¥ S— L e "
WG JUNCT ION we

|

WG |S—s3e3

33



Things to notice

e Different abstract, same figure

e Appendix with SAIL code

e Similar but different contents (reeds, com-
pressed table)
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United States Patent 3
Kobayashi

USO0E241127A

(1]  Patent Number:
[#5] Date of Patent:

5,241,127
Aug. 31, 1993

[%] MUSICAL TONE SYNTHESIZING
APPARATUS

[75] Invemtor: Kwsorw Kobaysshi, Crwarissahi, Japan
[73] Assige Yamaha Cor H

Japan
[21] Appl No: 633,051
[22] Fibed: Dhec. 20, 1990

[30) Foreign Application Priority Duta
Dec 22, 1989 [IP]  Jupan ..
Jum 1, 1990 [P} Jupasn
[51] EmeCL3 .
521 us.a .. BA/BIE; B4/624,
B4/625; BA/HS%; BAS660; BASBE]; B4 DIG.
#4/DIG. [0
[3%] Field of Search ... . BA/SBOM, B16, 613, 622,
B4/624, 623, 659-661, DIG. 9, DIG. 10

[56] References Cited

U.S PATENT DOCUMENTS

4,134,556 971980 Ando et al
4850330 1/1990 Ml et al
4547032 941990 Hirsno 1 &l
4904370 171991 Sl ..

FOREIGN PATENT DOCUMENTS

61-163390 741986 Japan
6340199 2/1988 Japanm .

Frimory Examiner—William M. Shoop, Jr.

Assistant Examiner—Brian Sircus
Atiormey, Agent, or Firm—Graham & James

57 ABSTRACT

The scal tone synihesar imulating the
qmcﬂmuﬁ-umiumlhummtmhn:

excitation circuit for generating excitation signals to the
closed-loop circuit, so that the excitation circuit simu-

thon circuit, where the scaling coefTicienis represent the
influence raie corresponding o the influence 1o be ap-
plied 1o the bammer by the siring. In the escitation
circuit, the excitation signals are multiplied by the scal-
ing coefTicients so that a slight difference of wone color
is apphed 1o the excitation signals with respect 10 tone
pateh (or each key). For e, the scaling coefTich

for comparatively lower tone pitch is set a1 a compara-
tively small value, becanse the hammer for lower tone
pitch has relatively rounder shape and larger mass, and
the felt thereof is formed relatively thicker, while the
scaling eoefficients for comparatively higher tone pitch
:.i:l:t:ll.mmplnmtlyhrpwluz Funh.hmn.\‘h:

§ apparatus
tone af whh:l: tone cnlnf s slightly different tuh re-
spect to each tome pitch

18 Claims, 4 Drawing Sheets

Yamaha continues to elaborate
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Summary of physical modeling of strings:

e Yamaha doesn’t publish

e Julius Smith’s '276 patent is the “root”
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Summary:

Musical instruments = art + craft +
engineering + physics

(a strange brew)
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DIY patent research

e http://www.google.com/patents

e http://www.uspto.gov/patft/index.html

e http://gb.espacenet.com/

e http://www.wikipatents.com/
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The End.
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