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The present invention relates to a tone synthesizer for

synthﬁFizing a tqne of an acoustic nusical-instrunent:

SR Adtas Vs

a)Field. of the Invention | :

WIND TYPE TONE SYNTHESIZER '

e
BACKGROUND OF THE INVENTION Y, = -0 o %

The present invention relates to a tone synthesizer for

'synLhesizing a tone of an acoustic musical instrument.

b)Description of the Related Art

Such a tone synthesizer is known which electrically
simulatcs a mechanism for generating a musical lone in an
acoustic musical Ianstrument. A ione syﬁLhesizer adapted for
synthesizing a musical tone of a wind instrument, for example.
compriscs.an exciting circuit for generating a driving waveforn
signal corresponding to pressure change.in a mouthpiece, and a
résqﬁance circuit simulating characteristics of a resonance tube
wnicn responds to pressure change in the mouthpiece of the wind
1nétrumcnt. A cylindrical resonance tube can be simulated by a
transmission circuit called a wave-guide usuatly.consLiLuted by
a2 loop circuit which comprises a delay circuit and a filter.
The transmission circuit receives a driving waveform signal from

an exciting circuit and outputs a signal. . of a certain frequency

range after amplifying'the signal and repeatedly circulating thc

signal 'in the loop of the transmission circuit.
A wind instrumcnt such as a Saxo‘phone or a trum_tSct has a
conical resonance tube, which 1in general is considered

equivalent to a numbeéer of cylindrical short resonance tubes
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byDes¢ription of the Related Art: Such a tone synthesizer is known
whi chielectrically sinulates a nechanismfor generating a nusical-tone in
an - aéoustlc musi cal i'nstrunent. A tone synthesizer. adaptéed for

synt hési zi ng a nusical tone of a wind instrument, for exanple, conprises
an exgiti mpwingdifferentndiavehgra and wwmm ot serjes| inorzhespsdm ng
to préssure change in a nouthpiece, and a resonance circuit simulating -
char act er icst itdee giagni egdeaotethebélaméten. r cSpuseiguent Ly essucenihahgeube

t he nmuthplece of the wind instrunent. A cylindrical resonance tube can be

si mul at ed iy wsudTBNSEimslatedi beustr esdnatce vbweuti compslsihy a
constituted by a loop circuit which conprises a delay circuit and a
filter. plurality of wave-guides and junctlons cascading the wave-guldes
one by one. A tone_synthesizer.having such a resonant circuit
is dlsclosed, for example, in Japanese Patent Publication Laid-
open Nos. Sho-63-40199 and Hei-3-235997.

| In order Lo faithfully simulate a Lransfcr fun¢tiou'of_a
.conical resonance tube by a resonance g;rcuit described above,
it is neccssary to qonnec; many stages of the combigétiog of 1
waveguide and a junction. Generally. a jﬁnction‘coﬁprises a
multiplier for.multipljing the igput, which is usually large in
size. Thus, a conventional resonance circult comprising a
number of junctions for simulating & wind acoustic instrument
with a conical resonance tube is usually large in size.

In order to maintain a similar tone color at different
tone pitches, it is neécsgary to keép thc shape of a flared or
conical tube in siﬁilar.shapes. For sihulating such similar
shapcs,'ic is necessary to control_thé coefficlients of junctions
rcpresenting cyiindrical-résonance tubes of different diameter
in connection with the tone pitch {delay length). Thus. the
conirol becomes complicated and the circult scale becomes

larger.

HER In order to simulate a conical resonance tube by a

Place of an electronic clrcuit comprising a number of

NG IRC T2 B I v IBti
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ssion circuit receives a driving waveformsignal from an

rcuit and outputs-a signal -of a certain frequency range after
the signal and repeatedly circulating the "signal in the | oop of
Ission circuit. .. A wi nd instrument such as a saxophone or

h?S @raﬁﬁ%i§§ioﬁ38996ﬁ§€stHEedeﬂebQBednaEGOBFathésaﬁéﬂﬁtdefed

of cylindrical short resonance tubes
processing per unlt time the DSP- should handle becomes large. It

'is[ therefore, necessary to employ a high speed DSP. Hence, the

cost of the DSP lncreases.

SUMMARY OF THE INVENTION

An object of the invention is to provide a tone
Syﬁtheéizcr comprlﬁing an electronic circuit of a relatively
compact size and adapted for qlmulatlng an acoustlc musical
instrument having a diverging resonance tube

Another objectL of this invention is to provide a tone
synthesizer which simulates tone genergting'meéhanism of a wind
instrument by substitutlng.a conical tube with a pair of
cylindrical tubes, thereby avoiding the necessity of controlling
the ¢oefficients of junctions in connection with Fhe.toné pitch
for conirolling the tone color, and enabling stable tone color
control witlh 1it£le tone color variation only by control of the
delay lcngth, i.e. tone pitch.

" Another object of the invention is to provide a tone

synthesizer comprising at least one DSP in which the amount of

processing per unit time to be executed is relatively small.

BRIEF DESCRIPTION OF THE DRAWINGS = - -
These and other object of the invention will be more
apparent from the: following description, referring.to the .

accompanying drawings in which:
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having different diameters and connected in series in the order of the
magni t yde of the dianeter. Consequently, a conical tube is usually

si nul atjed by a resonance circuit conprising a plurality of wave-gui des and
junctions cascadi ng the wave-gui des one by one. A tone synt hesi zer havi ng
such a fesonant cirEigurej 4 dssal biedk fibrngermnphewiiig dapanfiguPattdmn of a

Publ.i c

I on Laid- open Nos. Sho-63-40199 and Hei - 3- 235997. ' I n

order tjo fatéméusyythesikereaacorddagenof anceimboddhcat ofnithal insentdece

t ube by

a resonance circuit described above, .it is necessary to connect

many stiages of the EQQbFBaEiQ@ af 18ngitudinal sectionsl view of a conical

tube Lo be simulated;

Figure 3 is a longitudlnal sectional. view.of a

cylindrical tube model cquivalent to the conical tube of Flg 2:
| Figure 4 is a longitudinal sectional view of anothcr
ceylindrical tube model equivalent to the conical tube of IFig. 2;

Figure S is a Lohgitudinal sectional view of still
another ¢ylindrical tqbe model equivalent to the conical tube of
Fig. 2;

Figure 8 is a ]bngitudinal Sectidqal view of_a wind
instrument model in which the model of Fig. 3 is further
provided with a mouthpiece;

Figure 7 is a longitudinal sectional view of a wind
iqsfrument model in which the model of Fig. 4 is further
provided with a mouthpiece;.

Figure 8 is a longitudinal sectionai view of a wind
instrument model in which thé model of Fig. 5 is furtherv
provided with a mouthpiece; .

| Figuré 9 is 8 block diagram showing a configuration of a
tonc synthesizer according Lo an embodiment of The 1nvention;

Figure 12 is block diagram showing another embodiment in
which a propagation declay of air pressurc wave in a mouthpiecé.
is taken-intd éccéuhf}m

Figure 11 is a block diagram showing a configuration of
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e and a junction. Generally, a junction conprises a mnultiplier for
ing the input, which is usually large in size. Thus, a

convent§i onal resonance circuit conprising a nunber of -junctions for
simul ath ng a wind acoustic instrument wth a conical resonance tube is

| antre iexcilitZing circuit to e desed olmethd s trwcsume laof Fbpe tof or
rent tone pitches, it is necessary to keep the shape of a flared
or coryical tube iIFiguid a2 stapeshldel Gidgdai i stipwlied i a1 Bigusdapss, oft
S necissary to control the coefficients of junctions representing
cylindrii calp as@nanGeddifss tdadli ffLiniiert ABIHFdind €OMHLERENG Mhéfe tHE
tone pitch (delay length). Thus, the control becones conplicated and the

ci roui ti scahg BeRQIASon;

Figure 13 is a block diagram showing a configuration of

i a single reed musicel instrument according to another embodiment

of the invention:

0% 4 s Smmnad, et A

Figure 14 is a block dlagrém showing a coﬁfiguration of
a single reed.musical instrument aécording td,still another
embodiment of the inventibn: | -

Figure 15 is a block diagram showing a configuration of
a single rced musical instrument accordigg to still anocther
embodiment of the invention ;

Figurc 1é'is a iongitudinal sectional view of & wind
iﬁstrument with a cqnicél tube to.be simulated by a wind

instrument according to an embodiment of the invention: and

. ntegn ws ek g at———at = b o

Figures 17 to 22 cach shows a longitudinal sectional
view of a wind 1nstrument according to embodiments of the

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 is a block dlagram.showlng a basic

i configuration of a tone synthesizer according Lo an embodiment

- of the invention. In Fig. 1, the tone synthesizer comprises an

exciting circuit-l for simulating a mouthpiece of a wind

acoustic instrument, a junction 2, a first and a second
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| ar ger .. In order to sinulate a conical resonance tube by a

digital signal processor (DSP) executing a certain programin place of an

el ectrorfic circuit conprising a-.nunber of transm ssion circuits

as descifibed above, the ampunt of processing per unit time the DSP should

handl e Hecomesvéguide Wi and W2 adapted for simulating characteristics of a

resonance tube fed with the output signal of the exciting
circuit i through the junction 2 and connected'in parallel to
each other by the junction 2. and a control éircuit 3 for.
controlling the parameters of thé exciting circuit 1, the
junétion 2.and the waveguides W1 and W2. The control circuit.s
includes a pitch information supply which controls the resonance

pitch of at least one of the waveguides W1 and W2 in response to

a tone pitch designated by a player. for example. in a keyboard.
The wave-guides W1 and W2 are coupled witn éach oﬁher to

simulate an input acoustic impedance of a conical resonance

tube, each simuiating an.Impedance obtained by analytically

decomposing the acoustic ilmpedance of an acouslic resonance

tube.
To.help understanding of fhe invention, ana1y£ic
3_ _ decomposition éf an acoustic wind instrument will be described
first. |

The input acoustic impedance Z of a conical tube of a
wind acoustic 1lastrument depicted in Fig. 2 can be cxpressed by

the following egquation.

= j-p-c-k-xvsin(k-L)/{S(sin(k-L)+k-X-c05(k-L))

= 17(87/(j-p-c-k-X}+S/(j-p-c-tan(k-L)y  .... (1)

‘whercin the symbols p. ¢. X. L. and S represent density of the

medium (g/em®), velocity of souna(cﬁlsec), length of the throat

—_—
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I S, tLerefore, necessary to enploy a high speed DSP. Hence, the cost of

t he P increases. SUMVARY OF THE | NVENTI ON - An object of :the
invention is to provide a tone synthesizer conprising an el ectronic
circupt of a relatively conpact size and adapted for sinul tin% an

acoust i c Afisthel condsadyfarhe Wﬁﬂhﬂ;QQQﬁLﬂgﬁQPanré@@h&ﬁ@écﬁabép e (cm)

Anot her object of this invention is to provide a tone synthesizer which

si mul pt esandnergsscsacitignadc taneas 9fofthg wiond calndubgmedt the Joeatiniafy a
conicpl tube with a pair of cylindrical tubes, thereby avoiding the
necespi t ythé mdntimokl idiguneter, respectively. Symbol k represents wave

number (rad/cm) and is expressed as k=2n/x, wherein A is the

wave-length of sound.

The first and the second terms appearing in the

dedominator in cquation (1) are rewritten as.

ZX = jJro-¢c-k-X/S

j-w-p-S-X/S% = jru-m/S* = jruM @
Zv = (j-p-c-tan(k-1.2)/5 S NI €3

whecrein @ represents angular frequency (rad/sec) of sound and'is
expressed as w=c-k. Then the following cquatlon is obtained;

1/2 = 1/Zx+1/Zy | | e (4

From above cquation (4). it is understood that the
input acoustic impedance 7 of a conical tube is cquivalent ﬁo
the impedaﬂces Zx and Z, connecled in parallel Lo each other.
The impédance Zx can be simulated by an inertance M expressed &s
M=p-X/S(g/cm4). Because an input impedance Zi at the
‘transmission end of a transmission lime having loss-less

".ﬁaréiiél lines. when short-circuited at the receiving end, is

cxpressed as Zi=j-tan(k-L), the lmpedance Z. can be simulated by
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the'ébéffi0|ents of junctions in connection’ mnth the tone pitch for

contro]llng the tone color, and enabling stable tone color control wth
t one jcol or variation only by control of the delay length, i.e. tone

apparept frad

i zer |comphi dNRY A IRURRI OEASANGE B h DA
t tigqe to be executed is relatively small. BRI EF DESCRI PTI ON OF

p 8
THE DRAW NG$-

Anot her object of the invention is to provide a tone .
DAFIFAL JbEMAEF 7

constantheenatenEnst asbjaman ¢nd he GansaRUeRT LM | I1telgore

mthe follow ng description, referring to the
concluded that the conical resonance tube depicted in Fig. z is

equivalent to_a-cyllndrical resonance tube in Fig. 3, of Whlch
one end is open and the other ehd ié_connected to an Inertance
mcmbcf with inertanceﬁm, the resonéncé tube paving é croés—
sectional area S and & length L. The breath_ of a performer is
injccted into the Junction as indfcaped by an arréw P betlween
‘the inertance mcmhef M and the éylindrical-tube.

When a coniéal tube, i.e. the so-calledibugle. is
substituted by a pair of cylindrical tubes. the control-Of thg
tone pltch can be made 1mply Lhrough the control of delay
amount, j.e. the amount of delay correspondtng to the tube
lcngth L. | |

In a former proposal by the present assjgneé (JP—A 3-
2353997}, a mulLipiicify of junctién'coefficients and delay
lenths'should be controlled iﬁ mutually interrelated mannér for
suppressing the tone color change upon change of the tone pitch.

ff the length 6? the throat X of theICOnical tubc iﬁ
Fig. 2 1s short enough, then the ihpedancc Zx in equation (4}

can be apprbximated with the following equation,
Zx % (jrp-c-tan(k-X))/S : . (5)

The ilupedance Zx can be also simulated, from the cquation (8), ..

. by agp input acoustic impedance of a cylindrical resonance tubc
[
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acconpanyi ng draw ngs in which: ' Figure 1 is a block

di agram ghowi ng a configuration of a tone synthesizer according to an
enbédinert of the invention; : Figure 2 is a longitudinal sectional.
vi ew of conical tube to be sinmulated; Figure 3 is a

| ongi tudijnal w%%ﬁt hoeebs\@-%\&c&fioﬁ\:dlcﬂﬂéadrs Gd buhendelL eql@:‘o\‘:@s’&ﬁedﬂﬁ hethe

coni cal tjube of Fig. 2; ]

o conical tube in Fig. 2 is equivalent to tLhe resonance Lube model
shown in Fig. 4 by applying the approximation of equation (5) to
the throat portion. As shown in Fig. 4. the inertance member M-
of the resonance tube in Fig. 3 is replaced by a cylindrical

" tube with a length X by the approximation by equation (5).

The acoustic instrument with a conical tube shown in

Fig. 2 is equivalent to a wind instrument comprising two

s eylindrical tubes each of which has a cross-sectional area S and

e

lengths X and L respectively. Therefore, a conclusionlis
obtained that the acoustic.ihétrument with a conical tube.is
simulated by a tone synthesizer which simulates the wind
instrument shown in Fig. 4. In case of the resonance tube model
of Fig. 4. the breath of a performer is.injeqted into the
Junction between a cylindrical tube with a length L and a
ceylindrical tube with a length X, as indicatéd by an arrow P.

The synthesizer shown in Fig. 1 is adapted -to simulate

Lthe resonance tube model in Fig. 4 and a resonance tube model
shown in Fig. § which will be described later. The waveguidés
W1l and Qz of F;g. 1 corrgspond to cylind;ical tubes with a
length L and a length X, as shown ih.Fig. 4. Tn case of the
resonance tube model in Fig. 4. the resonance frequency can be
changed by changing the length L. Consequently, also in case of
the synthesizer in Fig. 1, which simulates the resonance tﬁbe
model in Fig. 4. thc'tbne pitch can bc.changéd cbﬁﬁidubu51y~bywm%m

controlling the parameters of a waveguide or waveguides.

-8~ " This Sheet Has Been R
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Figure-4 i

a longitudinal sectional view of another cylindrical tube

nmodel equi yalent to the conical tube of Fig. 2; Figure 5is a

| ongi t udi nhl sectional view of still another cylindrical tube nodel

equi val entjto the conical tube of Fig. 2 Figure 6 is a

| ongi tudi npl Spetidiglldiyaw Wie alediayd 1engtir wferthenwagleguidehWdh wid alodel

of Fig. 3]s further provided with a nouthpiece; Figure 7 is a

| ongi tudi npl esectiespands & o oy Mindt1dalstuubeeof tedeith 0., Whisgh beherarddsl in.

of Fig. 4

S

further provided with a nout hpi ece;
correspondence to the length L or the dcsired tone pitch.

When the length X of the throat of the conical tube is
considerably long so that the approximation with the above

equation (5) is not accurate, the following approximation can be

‘applied. The cross-sectional area § and the length X in

equation (2) are substituted by parameters S1 and X1 which
satisfy X/X1=S/S1 and kX<kl. By Lhis substitution, the

following equation is obtained:
Zx = j-p-c'K-X/S = j-p-c-k-X1/51 N €}

Since k-x1 is smaller than 1 in equation (8), the equation (8)

can be approximatcd by the following equation,
Zx > (j-p-c-tan(k-X1))/81 e (7Y

Fig. S shows the structurc of a resonance tube model as
obtained by approximation according t; equation (7). .The
cylindrical tube with a cross-sectional area s“and a length X"as
shown in Fig. 4 can be appro;imated by a cylindrical tube with a
cross-seclional area S1 and a length X1 in Fig. 5, according to
the approximation of impcdance Zx.  In order. to obtain an

accurate approximation accordzng to the equation (7) ~-is .

desirable to selcct k-X1 as small as possible. Consequently, in
- . .
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Figure {8 is a longitudinal sectional view of a wind instrunment nodel in
whi ch tihe nodel of Fig. 5 is.further provided with a nouthpiece;

Figure ]9 is a block diagram showing a configuration of a  tone synthesizer
accordijng-to an enbodi nent of the invention; Figure 10 is block

di agra

shevideg @votragrchenilQdi FRnleriate Wimdlaz puspagat sonndsl 2y @endrated

pressurfe wave in a nmouthpiece is taken into account; Figure 11 is
a bl ocK di ggr aichhawicat 12200 HesaatlleORudk as shown in Fig. 2. it is

m———e

desirable to select the length x1_of the resonarice Lube.model
shown in Fig. & as short as possiﬁle. For realizing this
condition. the time required'for:oné éirculation of the signal
in the wave-guide, i.e. the deiay timé'corresponding to the
1en§th X1, is selected as short as possible. When the wave-

guide is implemented by a digital circuit, for example, the

number ot cascaded stages in a delay element constituted by .

for example, a shift register_lnsefted in the Waveguide is
prefcrably selected as 1. As a result, total delay time can be
reduced so Lhal the synthesizer can generate accurale musical.
sounds as generated by an acoustic instrument with a conical-
tube.

Figs. 6 to 8 cach shows an acoustic wind instruménL
according to an cmbodiment of the invention. Each wind
instrument éorresponds to a correspond;ng rcsonance tube model
shOWﬁ in Figs. 3 to 5, respectively. These acoustic wind
insfruments'can more closely simulate acoustic wind
instruments, due to the provisién of.a ﬁouthiece with a cross-
sectional area Sb at the junction between a cylindrical iube and
an inertance member or between.twd cylindrical tubecs.

A block diagram of a tone synthesizer for simulating
wind instrumsnts as dcpicted in F1gq 7 and 8 is shown ‘in Fig
g, which is a more detailed block dlagram of a ‘tone synchesicer

than that of Fig. 1. The value 6f a parameter or parameters of

This Sheet Has Been Rerlaced .
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5 tHe exciting circuit to be used in the structure of Fig. 10;

Flgure
MuSi cé
Fi gur €
Musi cé
Fi gur e
nmusi cg

12 is a block diagram showi ng a configuration of a single reed

i nstrunment according to an-enbodi nent of the invention;

13 is a bl ock di agram showi ng a configuration of a S|ngle reed

| aachuoenpoaetdr dnnahieo cdreiier igndedierminedotdepkadingerin @n;wind

14 is a block di agram showing a configuration of a single reed

| pastpuRBh tageded 9 be Simulagedther |

The waveguide Wi, correspgnding to the first cflindrical
tube with a length L in Figs. 7 and 8, comprises a delay circuit
4 for simulating a time required for a sound signal té'
reciprocate in the wind instrument, a low-pass fTilter § for'.
simulating acoustic loss.in the'cylindrica] tube, and a
multiplier 6 with multiplication factor 7 . for simulsting sound
reflection at the tube end. The delay circuit 4 is constituted
by a shfft register having.a number of the-staées equgl to
FsZL/c'and driven by a glock signal with a constant angular
frequency Fs.

The waveguide w2 éorreéponding Lo the second cylindrical
tube with a length X in Fig. 7 or a length X1 in Fig. 8
comprises, as in the case-of the first waveguide W1l, a deJay
ci:c&iL.?, a low-pass'filter-s, and a mulliplier 6 with a

multiplication factor 7 x. The number of the cascaded slages of

a shift register constituting the delay circuit 7 is equal to

TFs2X/c or Fs2X1/¢, corresponding to the second cylindrical tube

in Fig. 7 or Fig. 8, rcspectively. 1In case of the latter,
however, the number is more preferably selected at 1.
The junction 2 is inseried between the exciting circuit

1 and the waveguides W1 and W2, and comprises output multiplic

. ;{21 22 and ZJ each of which multiplies the signal transmitted

from the cxc1ttng cxrcu;t 1, waveguldeq Wi and w2 with

multiplication factors a,, ar and ax, rcspectivelY-

Thls Sheet Has Been R
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enbodi nent of the invention; ‘Figure 15 is a bl ock di agram show ng
a confipuration of -a single reed nusical instrunent according-to still -
anot her} enbodi nent of the invention ; Figure 16 is a |ongitudina
sectionhl view of a wnd instrument with a conical tube to-.be sinulated by
a wind finstrument acegr | kR kPR 2Rd
Flguren{17 to 22 eachfghgéggabﬁo%ﬂetggﬂg ggg?%%%g? v¥§$%3395 w?ndW1?d
instrunpnt accordhig: ' 8oG0R09LEILS 9T LRE nkT¥EP1i08vion factors a.. a.
and ax of Fig. 9 are determined as,
a, = 250/(S0+28§) (8)
avr = 2S/(S0+28) | | ceee (9)
and
ar (1)

adx =

In case of Lhe tone synthesizer simulating the wind instrument

model in Fig. 8. the multiplication factors a:. ar and ax are

determined as,

(11)

ny = 280/(S0+5+81) = 250/(So+S+(X1/X)S)
2 ar = 28/(S0+5+(X1/X)S) (12)
au = 2(X1/X)S/(S0+S+(X1/X)S) | (13)

In order to accurately simulate pressure change
propagation &Aﬁsed by air vibration in the mouthpiece in Figs. 7
and 8, ﬁhere is preferably provided a tone synthesizér |
' comprising a third Qaveguide W9 as shown in the block diagram of

Fig. 19. The third waveguide W0 i.s insertea between Lhe

exciting circuit 1 and the junction 2, and comprises a plurality

[}

This Sheet Has Been Re

fTT

;EM” _ ~13-




DESCRI PTI ON OF THE PREFERRED EMBODI MENTS , ‘Figure 1 is a block

di agram showi ng a basic configuration of a tone synthesizer according to
an enbodi nrent of the invention. In Fig: 1, the tone synthesizer conprises -’
an exciting circuit 1 for sinulating a nouthpiece of a wind__acoustic
instrumenf, a junction 2, a first and a second

6

of comhinatinns; each including a delay circuil and & 4-
multiplication-lattice junction.

Now, the configuration of the excitiné circuit_ 1 will be
described with reference Lo Fig. il. The exciting circuit 1
compriscs noun-lincar circuits 107 and 11@, filters 105 and 106.
a subtracter 1¢4. adders 103 and 199, mullipliers 108, 111 and
112. The signal from the wave-guide W@ is fed to one of the
inputs of the adder 101. and also To one of the inputs of Lhe
adder 103 through the multiplier 102 where the signal is
douhleé. The output of the adder 143. which is 8 signal
cérrcspondtng to alr vlbrétlon.to be fed-back to the reed in tho
wouthpicec of the wind 1nstrﬁment, is inputted to the suhtraéter
1804. The signal P corresponding to the blowlug pressure by the
performer is subtracted in the subtracter 184 from the output af

_tée adder 163,

The vutput of the subtracter 104, which is a3 signal
eorrespoﬁding to the pres§ure in the mouthpiece is fed to the
phase correcting filter 105, iu which high frequency components
in the signal arc damped. The output of the filter 1@5 is
inputted to the.¥ilter 106, which ls usually constiluled of a
luw~pass filter and siﬁulates responsc qharacteristics of the
reed rasponsive to pressura changes in the mouthpiece. The
outpuit of Lhe filter 105 is also fed to the non lincar eircuit
197 whfch simulates saturation characterlstics of the flow rate
of the alir-Tlow ln Lhe mbUanlcce with respect to the alr

pressurc in the mouthpiece. The filter 1908 is controlled by Lbha

This Sheet Has Been Relila o -14-0
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wavegui.de W and W2 adapted for sinulating characteristics of a resonance
tube:fed Wyth the output signal of the exciting circoit 1 through the

jungéion 2§ and connected in parallel to each other-by the junction 2, and
a fﬁ@trol-,lrcuit 3 for -controlling the paraneters of the exciting circuit

j upct ich AT Aitu V@ Ve o dafoWd] BNFME. 1Theo g e GduE-SFf

|ncfudes al pitch informati on supply which controls the resonance pitch of

‘at | east ope féqy% Yay el L éggk@%% rashse to a tone pitch
desi gnat ed byqé p ayer for exé%p& |n a E%yboard ' The

maqerguides WL and W2 &£ qﬁq% e nayé
acoustic ifrpedance of 1g{con| resonanc é)ttbhleqr ea&h r]'}511;'6511endgag‘rli'aﬁn
| pedance Dbtahﬁ% ﬂ%&éy“¥®§|(xﬂl3%a1n G, and then is fed to the adder 109, in

which an embouchure signal E corresponding to. the force applied
to the mouthpiece by. & performer is added To thé output of the
multiplier 108. The output of the adder 109, which is a signal
corresponding to the pressure applied to the reed. is fed to the

non-linear circuit 110 simulating change of the cross-sectional

area of the gap bctweén_the reed #nd the mouthpliece.
The outputs of both the non-linear circuils 107 and 119

are inputted to and multiplicd by the multiplier lil, from which

a signal 1is qutputted corresponding to the volume flow rate of

the aijr passing through the gap between thg mouthpiece and the

reed. The output of the multiplier 111 is further multiplied in
. thé mul;iplicrlllz by a value Z corresponding to the impedance
'.againSL the air-flow in the mouthpiece. The output of the

multiplier 112, which is a signal corresponding to pressure

change occurring in the mouthpiecc, is fed-back to the other
input of thé adder 13 and also transmitted to the wave-guide W
through the adder 101 where the above-mentioned output of the .
wave-guide W@ is added. “

Now, an embodimenl of a synthesizer for synthesizing a
“Loné of a single-reed acoustic instrument will be described.
The mcdei for a singlefreed acoustic instrument is constructed

by reducing the delay time in the wave-guide c¢orresponding Lo a
-
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dedonp05|1g t he acoustic |npedance of an acoustic resonance tube.
To..hel p upderstandi ng of the invention, .analytic deconposition of an

acoustic pnd instrument will be described first. : The i nput-
aggustic fnpedance Z of a conical tube of a w nd acoustic instrunent
deplcted n Méut Pé@cbﬁoeép9€§§erPYVaiG§ fOThQWkQGeeﬂuﬁthEomprises, if
= j.p.c.kf X sin(k.L)/{S(sin(k.L)+k. X cos(

C'%fgééyéf GaGeLQHEEeLWb partly shown 181F1g. 11, dual-direction

1/{s/(j.-p

transhission circuit wo' comprising 1 sampling period delay
circuit 200 inéerted in one of thé parallel lines. The
configuratign of the waveguides W1 and W2 are the same as those
in Figs. 9 and 10. | |
The output Z. of the exciting circuit 1 Is fed an adder

103 on onc hand and to an adder 101 to be added with signal qlf
on the other hand. The output of the adder 101 is inputted to 1
sampling period delay circuit 200. The output of the 1 sampling.
perlod_dclay circuit 260 is inputted to a subtracter 24 as a

~ subtlrahend and also to a multiplier 21, in which the output is
multiplied by ;. The output'of the multiplier 21 is inpuétcd
to an adder 27, the output q, of which in turn is fed to the
waveguides W1 and W2. The output q, is further fed to the

. subtréctcr 24 as a minuend. The output of of the'suhtractcr 24
is in turn_fed to the other input of the adder 121 and to the
multiplier 102. The output q;, doubled in the multipler 102, is
fed to tﬁe adder 103,'which_feeds_back tﬁé output Lo the

| exciting circuit 1. Since the loop circuit includes 1 Sampling
period delay bircuit 200, the transmission circuit Wo' will pot '
a.ct;. as a delay-free l'obp. |

in order to faithfully simulate behavior of the singlg-'

reed acoustic instrument, however, it is desirable that 1
sampling period delay circuit 200 is not inciuded, and yet that

the delay -free loop is 3voided in the circuit. Fig. 13 shows

" This Sheet Has Been R ,i 18
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wher ei n
(g/cnfe
7 of

Cross-s
di amet e

the synbols p, ¢, X, L, and S represent density of the medium

r]), velocity of sound(cnfsec), length of the throat

he conical tube (cm, the length of the conical tube (cm and
ectional area of the conical tubée at the location of the mninmum
seshean \waibodiferiool ik wheprteskreampbbng period delay circuit 200

is omitted from the cifcuit shown in Fig..12. In Fig. 13, there
is shown an embodiment of a-tone'§Ynthesizer in.which. in place
of feed-back of the output of LhelsueraCLer 24.to the adder
101, the outputs of the multipliers 22 and 23 are fed Lo Che
adder 101. A multiplier 2€1 having a multiplicatjon factor
1/(ax*ar) 1s disposed between the adder 1@1 and thé multiplier
2]. |

The embodiment shown in Fig..ls does not‘édmpriée a
delay'loop, but operates, as described herelnafter.‘equivalsntly
to a ciréuit in which 1 sampling period delay loop 200 is
omitted from the embodimdnt éhown_in Fig. 12z. 1f it is aséumed
that there is mnot provided 1 sampling period delay looﬁ 2@b in.
Frig. 12 and that Z;, qo.q;.qip.qag,q;x and Qox represent the
output of the exciting circuit 1, the outﬁut of thc addgr 101,
Lhe-outputs of the'subtracters 24, 25. the output qf the
multiplier 6.'the output of the subtrgcteb 28, and the output of

the multiplier 8, respectively. Then, Lhe following cquatlioas

hold.

Q: = Gor*Qox@x+Qodx . | o ce. (14)
q: = Q,4-Qe ... (13)
Qi T Q5-Qor. __ : _ (1_6)
Qix = Gs~dex | | ce. (17D
—_—
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nunbert
wave- |
the .&
j.p.c.

wher ei
expres

(rad/cm) and is expressed as k=2[err]/[err], wherein [err] is the
engt h of sound. The first and the second ternms appearing in
edomi nator in equatlon (1) are rewitten as, X =
k. X'S j(.).S. X/S[err] =j (. )n1/S[err] =j.[err]M

andL = (] . pctan(k L))/'S (3)
n-[err] represents angul ar frequency (rad/sec) of sound and |s

sed as-[e&g]chi+zlhen the follow ng equation is obtajned__ (18)

When above equations (14), (15) and (18) are solved for the

output qo_of the synthesizer,

Qo = (QoLGL*Qoxdx"'Zz)/(zfﬁz)

L= (QoLﬂL+Qoxﬁx+Zf)/(rxr_+ax) (19)

The signal having the same valuc as do providéd by the equation .
(19) is. therefore, generated'as The output of thé synthesizer.
Consequently, the circult of Fig. 13 operates equivalently to
the circuit in which 1 sampling period delay‘circuit 200 is
omitted from the circuit pf Fig. 12. |

If it is pOésible to assume that the mujtiplication
factor ¢, of the multiplier 21 is equal to'lg then a Lone
synthesizer shown in Fig. 14 can be obtained by simplifying the
tone synthesizer in Fig. 13.--Further; If it is possible to
assume that ﬁultiplicatign factor a, of the multiplier 21 Iis
equal to 1 and the multiplication factor of the multipliers 22
and 23 are the same. i.e. a.=ax cxists, thé circuit of Fig. 13
can be replaced by a simple circuit shown in Fig. 15.

In Figs. 10 to 15, at least one of the eiciting circuil
1, wave-guldes w1 w2, wa W@' and the Junctlon 2 may be
replaced by a DSP equivalently operating the correspcnd:ng

electronic c¢ircuit’ Lunctions by excecuting certain programs.

Sheet Has Been RTlaced
-18-

||II|III i




1/Z = 1/ Z[jerr] +1/ Z[ err} _ ' . (4)
From abovd equation (4), it is. understood that the |nput acoustic
i npedance }Z of -a conical tube is equivalent to the inpedances Z[err] and
Z[err] connected in parallel to each other. The inpedance Z[err] can be
si rrul ated {by an i ner tEheeembes pnesteddescr kbpd XaBpyecrelateetausenan i nput
i npedance {Zi at the transmission end of a transmi ssion |ine having
| oss-1 ess| pawitieesizers, syheheshoing chusicakbdtaneshbyreapi vf nglesdrondc
expressedjas Zi=j.tan(k.L), the inpedance ZL can be sinul ated by

: circuits or a digital signal processor executing certain

programs. The presenlL lnvention, however, does not limited only
to such tone synthesizers, but covers acoustic wind instruments
-obLained by transforming conventlonal acoustic wind instruments
based on the principle of the Iinvention. -Figsf_IT to 22 show
embodiments.of acoustic wind insLtuments according to the

invention. These wind instruments are devised by applying the

above-mentioned analysis for transforming an acoustic wind
instrument such as shown in Fig. 18 comprising a conical tube

361 and a mouthpiece 302 attached to & small diameter cnd of the

conical tube.

A wind 1nstfumeﬁt according to an embodiment of the
;nvention shown in Fig. 17 ccmpriges a mouthpiece element or
- mouthpiece member 302, a tube mcmber 303 mounting at one end
" thereof an inertance element or inertance member 3@4 adjacent to

The mouthpiece element 302, and a cylindrical slide-tube 305

slidably telescoped into fne_othér end of the tube member 3@3;
lhe inertance element 304 has inertance M as explained wilb
reference to Fig. 8. The inertial mass m of the inertanue
elcment is obtained as m=a-s-x,'when assumed thal p (g/cm®), S(
cm*}, and X {cm) represent medium density, cross-sectional area
ut the con1ca1 Lube at the end of mxnimum dlameter. and the
length of the throat respectively Th;s embodlment-of-the wind

instrument can generate a musical tone equivalent to the musical

This Sheet Has Been R laced . ~19-
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8 an.i npfit- acoustic inpedance of a cylindrical tube having a constant
di aneter. apd an open end. Consequently, it is -‘concluded that the conical
resonance fube depicted i.n Fig.2 is equivalent to a cylindrical resonance
tube:in Fig. 3, of which aone end i s open and the qQther end is connected to

an inertange fﬂﬁﬁbEP“ﬁFPﬁeﬂnbﬁtén@%“ﬁlipﬁérP@§5ﬁaﬁE§ t Bo&ORAERAg tabey shewn in

sectional &rea S and a length L. The breath of a perforner is
Fig. 16. Besldes, it is possible to change tone pitch smcothly

by changing the total length.of the tubes 303 and 308.

It is possiblce to form boéh the mouthpiece gIement 302
and the inertance element 304 in a unitary body with the tube
member 33, or to form a mouthpieﬁe member 302 and a inertance
membef 3@4 separately from the tube membef 3¢3. 1In latter case,
the inertance member 304 can be attached to either the

mouth?iece member 302 or the tube member 303.

A wind instrument qhown in Fig. 18 according to another
cpwbodiment of the iInvention is formed w1th in placé of the
incrtance element 304 a hole at the mouthpiece member 3@2 near
the junction betwcen the mouthpiece member 302 and the tube |
member 303, the hole 396 having an_opening area S1 and a height
X1. Values S1 and X1 are so determined that they satisfy the
cquation S1/S=X1/X. In this embodiment, a function similar to

| that of the embodiment in.Fig} 17 can be obtained. Further, it

s possible to adopt a hole 308 with a large diamcter and to

pértiy close the hole 306 with a finger during performance. lIn

thié case, tone pitch can be changed with the change of the area

of the effective openiﬁz.of the hole 308. The configuration and

the role of the'glide—tubg 305 arc the same as the ones in Fig.

17.

A wihd anqtrument shown in Fig. 18 according to still

' §noLher embodiment of Lhe invention comprises a cylindrical boss

307 connected to the mouthpicce member 302 in Fig. 18 and

’ Ths&waHm
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that obtained by changing the throat 1ength X of the ct8@9a§0|0r
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tube.

A wind instrument shown in Fig. 2@ according to still
another embodlment of the 1nvention comprises in addition to the
constituent elemcnts of the jnstrument 3$ shown in Figs. 17 to
19. a plura1ity of holes at the tube mcmber 303, to which
register tﬁbcs'( air-tubes ) RT1 ~ RTK are connectcd for
Selecting resonance mode. 1O this cmbodlment those portions
not shown in the drawing are gimilar tO the correspondlng parts
of the cmbodiments shown 1ip Figs- 17 to 19. The register tube
gT1 disposed pear the mouthpiece ‘element 18 relgted to high |
pitch tone and the. reglchr tube RTk disposed far from Lhc
mouthpiece element is related tO 1ow pitch tone. 1n this
- embod;ment operation of closing or opcning the reglsrer tubes
rRTl ~ RTK enables to change resonance mode which oLherwise
would be detormined by the effective 1ength of_the_tubc member
303 and the slide-tube 395, so that the tone pitch range can be
widcned during performance.- | “

A wind instrument showo in Fig. 21 according TO still
another emhodlment.of the invention emplOyS: in place of the
slide-tube 395 of above cmbodiments shown in FLgs. 17 to 2@,

nother slide tube 309, the open end of which 1is divergingly

tapered. ‘with this embodlment _the cmission characterlstics of

the tomnc can be jmproved.

e
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|f "thejlength of the throat X of the conical tube in Fig. 2 is short
enough} then the inpedance Z[err] in equation (4) can be approximted wth
the foll ow ng equation, Zx [err] (j-p-c-tan(k-X))/S _

(P) The i npedance Z[err] can be also.sinulated, fromthe equation

(5), by an input TReOUsKC eBBRYRAGE BF heYWiRH" 1aek LRIARAERSHHINS
Fig.22 employs. in place of the tube member 3903 and the slide

" tube 303 in the embodiments shown in Figs. 17 to 19, a

cylindrical tube 316 formed with register tubes- RT1 ~ RTK and a

plurality of anolher air holes called as -tone holes k1 ~ km
S" formed thereon.

Although cach of wind'instruments and tone synthesizers
described above can be constructed to generate a tono similar to
the tone generated by a conventional wiﬁd ;nstruméht with a
conjcal tube, the present invention is not limited to only such
configuration. It 1s_possible_to copstru;t a wind jnstrument or
a tone éynthesizer for généraying an entirely new musical cnne_'
by way éf-frce selection of Lhe_;ength of the cylindrical tube,
inertance of the inecrtance elements or each of the parameters.

Since above embodiments are described only_for examples.
the éresent invention is not limited dn;y to such embodiments
and it will be obvious'for those skilled in the art that varlous
hodifications or altéraftbns can be easily made based on the

above embodiﬁents under the scope of the invention.
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i area S and a length L. Consequently, the 5
conl Qall !‘gm iﬁ]ﬁa ﬂl s equivalent to the resonance tube nodel shown in

Fig. i4 pproxi mati on of equation (5) to the throat
portlon shown in F|g 4 the inertance nmenber M of the resonance tube
i n Fiig. epl aced cyllndrlcal tube with a length X by the

appr oxi r’f’ﬁ’ﬁrori ﬁﬁh’&? ohS5) . ' The acoustic instrument with a

coni cal tube shown in Fig. 2 is equivalent to a wind instrunent conprising
two cylindrical tubes each of which has a cross-sectional area S and

Iengths X and L respectlveI{ Therefore, a conclusion is
1. ‘A tone signal synthesizer comprising:

first bidirectional transmission.means for receiVing ang
reflecting a first eléct;ical signal, having a first input, a.
first output, and a first delay clement connected between said
first input and said first output; |

sccond bidirectional traﬁsmission means for recelving and
reflecting a second electrical signal, having a second input. a
secoud output, .and & second delay_ elcmcnlt connected between saild
second input and sald second output;

pitch information'generating.means for gcncrating pitch
informatjon which designates a tone pitch of a.musical tone to
be SynLhesized, for controlling at least one of said first and
secoqd delay elemgﬁts:

'exciting'mean§ for generating an exciting electrical
signal; |

contro] means for generating control signals in reqpon5e'
to a tone color of musical tonme to be synthesized; and

junction mgans,_coupling said first and second
transmission means and said exciting mecans, for combining

_ signals supplied therefrom and inputting the combined signals

thereinto in accordance with the control signals.

2. A tone signal synthesizer according to claim 1. wherein

said junction mcans includes means for combining input signals

This Sheet Has Been Repl
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si mul at ed by
I n

trument with a conical tube is
ates the wind instrufrent shown in Fig. 4.

redonance tubé mddel of Fig. 4, the breath of -a performer is
to the junction between a cylindrical tube with a length L and
caand ubetputiiiagl engblin¥d aestpudscanddibycafager meaRs for
izer showmn in Fig. 1 is adapted to sinulate the resonance tube
g.cdnnadtangeandanddusthagnedenalshoansferFbgrwbenhichle wolmb ibd ng
ater. The waveguides W and w2 of Fig. 1 correspond to
thbessWahl gespeegikelofgdod LemﬁtBIXStaan&hﬁéﬁohﬂ Er@nsﬁlﬂsion

means and said exciting means.

3. A tone signal.sjntnesizer according to claim 1, wherein
sa1d flrst bidirectional transmission means further includes a
first reflection multlplxer for multiplying a first reflection
coeffic1ent to said first electrical signal. and said second
bidirectional transmission means further inciudeé-é second
ref1ection'mu1t1plier for multiplying & second reflection
cocfficient to said second electrical signa;.
4. A tone signal synthesizer accérding to claim 1. wherein
| said junction means includes a Pirst multiplicr for multiplying -
-a Tirst multiplication*féétor to an outpgt of said firsi
‘bidirectional transmission means and a secohd mu];iplier'for
multiplying a second multiplication tactor to an output of said

second bidirectional transmission meavs.

5. A Lone signal synthesizer according to claim 4, whercin
said junction means further includes a third multiplier for
multiplying a third_multiplication factor to an output of sald

exciling means.

This Sheet Has Been Rep|
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resonafce ttmim Ilumgﬂ the resonance frequency can be changed by
changi pg th quently, also in case of the synthesizer in
Fig. 1] which si mul at'es theé resonance tube nodel in Fig. 4, the tone pitch
can bejchanged continuously by controlling the paraneters of a maveguide

?Lem§;:g3’ﬁgﬁgtha ?°?ﬁes&§98buﬁﬁ8t9ﬁ516ﬁfCﬁ°°°rding to claiSp3C| h%?kk%’

i said Junctlon means fTurther includes a first s1gnal path short-~

circuiting the input and the output of said first bidirectional
transmission means and a second signal path for short-circuiitng
the input and the output of said second hidircctional

transmission means.

7. A Lone signal synthesizer according to clalm 6, wherein
said first transmission means includes a first Low path filter

and second transmission means includes a second low path filter.

8. A tone signal syﬁthesizer according to c¢laim 3.'wnerein

said first delay elemént is a shift register having a_v&riable
. number of stages cohirol1ed by sald controller and said sccond

delay elcment is a shift register having a flxed number of

stages which is smaller than said variable number of stages.

9. A Lone signai synthesizer according Lo claim 1, further
comprising a third bidirectional transmission means for
transmitting an electrical signal in both directions, connected

between said exciting mcans and sald junction means.

19. A tone signal synthesizer according to claim 9, wherein
said third bidirecllional transmission means includes lattice

shaped'junctions;

This Sheet Has Been Re’i
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3

length X 6f the tHrodt of the conical tube is _considerably |Iong so that
t he apprOX|nat|on with the above equation (5) is not:accurate, the :

fol | owi ngyappr Of RIS GAHR P& yrtild 8% r HRRHATE RCIAINNA 127 S
length X in equation (2) are substltuted by paraneters S1 and X1 I ch

satisty Xb
i s obtaine

(6)

‘and - a selectivity, and rec;1ving an input signal expressing a
pressure and giving predetermined characteristics to the input

signal to simulate response characteristics of a reed.

12. A tone signal synthesizer according to claim 11, wherein

- saild exciling means further includes an adder for adding an

embouchure signal to the input signal.

13. A tone signal synthesizer according to claim 11, wherein
said cxciting means further imcludes a first non-linear circuit
for affording a non-linear input-cutput characteristics to an

output from said filter,

14.. A tone signal synthesizer according to claim 13, wherein

"said exciting means furtltier includes a second non-limear circuit

for receiving the input and affording a second non-linear

-'saturating input—output charactcristics thereto, and a fourth

multiplier for multiplying output of said first and second mnon-

linear circuits.

15. A tone signal synthésizer simulating a tone generation
mechanlsm of a wind instrument hav1ng a conical resonance tube
by 4pproximat1ng the conical resonance tube with two cylindrical

resonance tubes, the synthesizer comprising:
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Slnce Kk apn 1in equatlon (6), the equation (6) can be
approx Wlmmﬂimmbﬂﬂow ng equat on 2 [err]

.p.c.tan(k-X1) )™ Sk - (7) Fig. 5 shoms
the structure of a resonance tube nodel as obtalned by approxi mation

according to- eqnfﬁgﬁ ﬁf&irTQFioﬁXii'E‘:déﬁ%ﬂ f'%g ﬁg@&ﬂs? girﬂﬁgagfﬁg 808! o¢

area S and a le can roxi nat e
SZLLPS{'nSt‘"ﬂeotﬂ{’%e b ok S%tasﬁﬁtr#%aﬁsﬁéiaztf&r%%?a H?té‘%ﬁiaﬂ A
reflecting a first electrical 51gpal. having a first input, a
first output. and # first delTay element connected between said’
first input and said first output; |
second bidlrectional transmiésion means. simulating Tthe
other of the two cylindrical resonance tubes, for receiving and
reflecting a second e]ectriéal signal. having a second inputi, a

second output, and a second delay element connected between said

secoﬂd input and said second output;
exciting means, simulating a mouthpiece of the wind

“instrument for generating aﬁ exciting electrical signal:

! | control means, for generating control signals which
conlLrol Lhe first and second transmission means and said
cexciting means; and

junction means, coupling said first and sccond
transmission means and said gxciting means, for combining
signals supp;igd theréféom ﬁnd inputting the combined signals
thereinto in.accordance with the controlwsignals-so that the
first and second bidlrectlonal transmission means simulate the

two cylindrical resonance tubes corresponding to the conical

resonance tube.

' 16. A tone signal synthesizer according to claim 15, wherein
said first bidirectional transmission means further lucludes a

first reflection multiplier for multiplying a first reflection

1T




accur n according to the equation (7), it is desirable to
sel e "Ias possi bl e. Consequently, in ~ . order to
falt imlar nusical sounds as generated by such a conical

resonance tube as shown in Fig. 2, it is desirable to select the length X1

of the resqgnance tuhe M idb i ikald dAgmitortndsgisksidtenrd  For
reali zi ﬁgcfﬁig ent l1:0 sackeci fﬁ%oe'\”élél:

bidirectional transmission means further includes a second

reflection multiplier for multiplying a second reflection

| coefficient to said second electrical signal.
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condition, the tinme required for one circulation of the signal in the /
wave-guide, i.e. the delay time corresponding to the length X1, is _
sel.gcted as short as possible. Wien the wave- guide is inplenented by a
dlgital circuit, for exanple, the nunber of cascaded stages in a delay

el ement constltuted by for exanple, a shift register inserted in the

waveguide is preferably selected as 1. As a result, total delay tinme can

be reduced ABSTRACTt he synt hesi zer can generate accurate nusical sounds ;/,/
as generated by an acoustic instrunent with a conical tube. Fi gs.

6 to 8 each shows an acoustic w nd |nstrunent according to an-enbodi nment

of the |nvent|on Each w nd :

An acoustic wind instrument having a conical Lube is
simulated by two_cylindrical-tubes communjcated to each other at
each one end. A pérallel_connection of electrical signal
transmission lines, each simulating a cylindrical tube
constitute a synthesizer synthesizing the sound of the conical

acoustic wind instrument. Each signal transmission line

includes a shift registcr for giving a'delay to tné input
signal. a multiplier for simulating sound reflection, and
filtef for affording a tone color. An exciting signal is
Injected at the-ihterconnection of the parallel connectiog

through a junction c¢ircuit.
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instru' nt corresponds to a_correspondi ng resonance tube nodel shown in
Fi gs. to 5, respectively. These atoustic.wind instrunments can.nore
closely si mul ate acoustic wi nd instrunments, due to the provision-of a
nout hpi,ecewrthra—cross ‘*36Ctlona| area So at the junction between a

synt hesi zer for sinulating wnd instrunents as
8 is shown in Fig. 9, which is a nore detailed

A Dbl ock

depi ct ed muﬂm

bl ock dla synt hesi zer than that of Fig. 1. The value of a
par ameter or paraneters of : 'F:I (; | :

cyli ndr| Lsge&lheasﬁm nertance nmenber] #gr8bet ween two cylindrical tubes.

EXCITE }—I
{ w2 | /"2 ) W'_
WAVE : WAVE
a3 JUNCTION 4
CONTROL - 3
PITCH INFORMATION|

FIG.2
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12 each conponent in the circuit is deternined depending on a w nd

i nstrunment nodel to be sinmulated. " The maveQU|de WL, . correspondi ng,
to the first cylindrical tube with a-length L in Figs, 7 and 8, tconhprises
a delay circuit 4 for sinulating a tine required for a sound signal to
reci procate in the wind instrument, a Izwfgpss filter 5 for sinulating
acoustic loss'in the cylindrical tube and

FIG. 4
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multiplier 6 with nultiplication factor 7 L

reflection at the tube end. The del ay circui
regi ster having a nunber of the stages equal
clock signal with a constant angular freque
W2_corresponding to the second cylindrical

for sinulating sound

t 4 is constituted by a-shift
to Fs2L/c and driven by a
ncy Fs. The wavegui de
tube with a length X in Frg. 7

or alength X1 in Fig. 8
WL, a delay circuit 7

conpri ses,
a lowpass filter 8, and a nulti

as in the case of the first wavegui de
plier 6 with a

mul tiplication factor [err]. The.number’ of :t he ‘cascaded stages-of a shift
register constituting the delay circuit 7 is equal to Fs2X/ c or Fs2Xl/c,
corresandi ng to the second cyl i_ndri cag /igibe
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in Fig. 7 or Fig. 8, respectively.
nunber is noré preferably sel ected at 1.
i nserted between the exciting circuit

conprises output multiplier

signal transmtted fromthe eXC|t|n94:
multiplication factors aferr], aferr] an a[err]
tt-gﬁ 1
| N
x
a )
P
X
k-
+
l-+
\u
>1.
e |
O
-0

FIG.10

This Sheet Has Been Replaced

o
O"

DELAY

I n case of the Iatter

homever . the

<The Junetlcn 2 is

1 and the mavegU|des WL and W2,
21, 22 and 23 each of which nmultiplies the

uit 1, waveguides WL and W2 with

and

respectively.

=t

DL

EXCITE

~
35,
. .‘1
1
8
rCUl
Al ’
Lo
=




e ————

13 In case of the tone synthesizer simulating.-the w nd
i nstrunent nodel in Fig. 7, the nultiplication factors.aferr], .a[err] ‘and

ax of Fig. 9 are determ ned as, ' aferr] = 280/(So+2'S)
.. (8 alerr] 2S/ ( So+2S) . and ax aL
- (10 ' 5/8
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In case of the tone synthesizer simulating the wind instrument nodel in
Fig. 8 the nultiplication factors a[err] alerr]. and ax ake determ ned-
as, aferr] = 2So/ (So+S+S1) = 280/(So+S+(X1/X)S) U0 (11
a[err] = 28/(So+S+(X1/ X) S) (12) alerr] =

2(X1/ X) S +( X1/ X) S) (13) In order to
accur at el SI mul at e pr change prop!g§tion caused by air vibration in

t he mouth ﬂi?ietiiiﬁ

|
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103 102
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and 8, there is preferably provided a t one synt hesi zer donprising athird
maveQU|de Werr] as shown in the bl ock diagramof [ Fig. IQ. ‘The third

wavegui de W-er+}—s—i-nserted between-the exciting circuit 1 and- the
junction 2, ﬁjcorrprl ses a plurality

14  of co ﬁmqeﬁcl udi ng 3’de$ay circuit and a 4-
tion.
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“Now] the conf ng'urann of the exciting.circuit .1 witl be - described wth

reference to Fig. 11. The-exciting -circuit 1 conprises non-linear circuits
| _.T07 and, 110, filters 105 and 106, - a subtracter 104, adders 103.and. 109,

mul tipliers 108, 111-and 112. The si'gnal fromthe wave-guide Werr] is fed
to one of the |np'uts of the adder lg(flé\,mal so to one of the inputs of
the adder 103 through the nultlpller \here the signal s doubled—the:
output of. the adder 103, which is a si gnal correspaondi n%fsghéyﬁasﬁ'inr@tlkc%ﬁ]

to be fed-back to the'reed in the - nout hpi ece of the wi nd
‘inputted to the subtracter 104. The signal P correspondl nHlm’m'Em ,l ng

pressurie.by the. _ - F|G|9

FIG.20

gaﬁﬂl VS
RTH RTk

FIG.21

303 | 309
03 309

“RTy RTK

FIG 22

kl.--
-SI__JL_jL.__JL_-__I_l_-'_l-” Y

' '.‘S.r — 151'

. : !
RT RTk 310



ﬁorner I's subtracted in the subtracter 104 fromthe output of the adder

st put of the subtracter 104, which is a signasiwt oo

b pressure in the nouthpiece is fed to the phase

PS5, in which high frequency conponents in the signal

[ put of the filter 10b is inputted to the filter 106,

istituted of a Iomfpass filter and sinmul ates response
tthe reed responsive to pressure changes in the

The. -outjput of WIND MYPE TOMNE iISYNTHES¥ZHER t 0o t he non- | inear

-&6?‘mhrfﬁ‘§|nulates saturatlontcﬁafécterlstlcs of “1.he kaM/rate

a)Field of the Invention

o el :
The present invention relates to a ‘tone- synth651zer for

synthesizing a tone of an acoustic musical instrument.

| b)Description of the Related Art
Such a tone synthesizer is known which electrically
‘simulates a mechanism for generating a musical tone in an
acoustic musical instrument. A tone synthesizer adapted.for
synthesizing a musical tone of a wind instrument, for example,
. comprises an exciting circuit for generating a driving waveform
signal cofrespondiﬂg to'preséure change in a mouthpiece, and a
resonance circuit simulating characteristics of a resonance tube
Which responds to pressure change in the mouthpiece of the wind
instrument. A cylindrical resonance tube can be: simulated by a
transmission circuit called a wave-guide usually consfituted by
a loop circuit which comprises a delay circuit and a filter.
The transmission circuit receives a driving waveform signal from
an exciting circuit and outputs-a signal of a certain frequency
range after ampiifying.the signal and repeatedly circulating the
signal in the loop of.the transmission circuit.
A wind iﬂstrument éuch as a saxophone or a trumpet has a
conical resonance the{_which in general is considered

gquivalent to a'number of cylindrical short resonance tubes

- . fa .. . a

[ ¥

= s B : . o Lo
bl L . L £ . L.



pressu gﬁ?kﬂ rSﬁﬁﬁgée. The filter 106 is controlled by the

cqnfrol circuit 3{ad shown in Fig. 1 to change the cut-off

freque cy fH24R TB7ecdi §ity Q thereof. The output of the filter
1[err] @ ifs multiplied ilndthe nultiplier 108 by a gain G and then is fed
to the fader 109, In whijch an enbouchuze signal E corresponding to the
force aApplied ... .o -

having different diameters and connected in series in the order
of the magnitude of the diameter. Consequently, a conical tube
is usually simulated by a resonance circuit comprising a
plurality of wave-guides and junctions cascading the wave-guides
one by one. A tone synthesizer having such a resonant circuit
is disclosed, for example, in Japanese Patent Publication Laid-
open Nos. Sho-863-40199 and Hei-3-235997.

In order to faithfully simulate a transfer function of a
conical resonance tube by a resonance circuit described above,
it is necessary to connect many stages of the combination of a
waveguide and a junction. Generally, a junction comprises a
multiplier for multiplying the input, which is usually large in
size. Thus, a conventional resonance circuit comprising a
number of junctions for simulating a wind acoustic instrument
with a conical resonance tube is usually large in size.

In order to maintain a similar tone color at differenﬁ
tone pitches. it is necessary to keep the shape of a flared or
conical tube in similar shapes. For simulating such similar
shapes, it is necessary to control the coefficients of junctions
representing c&lindrical resonance tubes of different diameter
in connection with the tone pitch (delay length). Thus, the
control becomes complicated and the circuit scale becomes
"larger.

In order to simulate a conical resonance tube by a
digital signal proéessor (DSP) executing a certain program in

place of an electronic circuit comprising a number of



g
.

A
ulitiplier

to the nouthpiece by a perforner is added to the {Seilptas 4

108. The output of the adder 109, which is a signal cor r espandi ‘to the

pressure applied to the reed, is fed to the nondl iljned2¥h %ﬁ’t 110

si mul ati ng change of the cross-sectional area of QDe ap_b t {he reed
L h

and t he nout hpi ece. The out puts of both € non-linear cifcuits
107 and 110 are inputted to and nmultiplied by the. guldd-phicer. 2d3=from
which a signal is outputted corresponding to the volune flow rate of the
ai r pass$iragsmlissighn tdie it hatswatasatidah atmyecethedampentretd. The
output of the nmultiplier 111 is further nmultiplied in the nultiplier 112
by a vabwecésedmee prandimigt tindehedShsipubdcharndl ¢ heeaomes| barga.t be
nout hpi ece. The out put of the

is, therefore, necessary to employ a high speed DSP. Hence, the

cost of the DSP increases.

SUMMARY OF THE INVENTION

An object of the invention is to provide a tone
synthesizer comprising an electronic circuit of a relatively
compact size and adapted for simulating an acoustic musical
instrument having a diverging resonance tube.

Another object of this iﬁvention is to provide a tone
synthesizer which simulates toné generating mechanism of a wind
instrument by substituting a conical tube with a pair of
cylindrical tubés, thereby avoiding the necessity of controlling
the coefficients of junctions in connection with the tone pitch
for controlling the tone color, and enabling stable tone color
control with little tone.color variation only by control of the
delay length; i.e. tone pitch.

Another object of the invention is to provide a tone
synthesizer comprising at least one DSP in which the amount of

processing per unit time to be executed is relatively small.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other object of the invention will be more
apparent from the foilowing description, referring to the

accompanying drawings in which:
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%BTbnal corresponding to pressure change

mul tiplier $£IZp: W

Qccurring if el Ve 'j #s fed-back to the other input of the adder
103 and al s¢ Hthhe wave-guide Werr] through the adder 101
where the ak ~ "R olit put - of the wave-guide Werr] is added.

Now, an enbddi t of h@si zer for4synthe5|2|ng a tone of a

singl e-reed gt I'C |nstrune t will b& described. The nodel for a

si ngl e-reed fcg , : is constructed by reducing the delay tine
in the wave- gui dElgureespésdanglpokadlagram showing a configuration of a

tone synthesizer according to an embodiment of the invention;

Figure 2 is a longitudinal sectional view of a conical
tube to be simulated;

Figure 3 is a longitudinal sectional view of a
cylindrical tube model equivalent to the conical tube of Fig. 2;

Figure 4 is a longitudinal sectional view of another
cylindrical tube model equivalent to the conical tube of Fig. 2;

Figure 5 is a longitudinal sectional view of still
another cylindrical tube ﬁodel equivalent to the conical tube of
Fig. 2;

Figure 6 is a longitudinal sectional view of a wind
instrument model in which the model of Fig. 3 is further
provided with a mouthpiece;

Figure 7 is a longitudinal sectional view of a wind
instrument model in which the model of Fig. 4 is further
provided with a mouthpiece;

Figure 8 is a longitudinal sectional view of a wind
instrument model in which the model of Fig. 5 is further
provided with a mouthpiece;

| Figure 9 is a block diagram showing a configuration of a
tone synthesizer according to.an embodiment of the invention;

Figure 10 is block diagram showing another embodiment in
which a propagation delay of air pressure Wave in a mouthpiece
is taken into account;

Figure 11 is a block diagram showing a configuration of

3
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16 . nmouthpiece to a very | ow value. The wav : &8 {in place
af wave-gui de VWerr] partly shown in Fig. 11, dual g%reCt§§P rHansm ssi on
Circuit Werr]' conprising 1 sanpling period WARIPYY 2qo Ji nserted in
one of the parallel lines. The configuration jof the wavequi de s WL and W2
are the same as those in Figs. 9 and 1. - The out put Zfjerr] of the
exciting circuit 1 is fed an adder 103—on one: Q2R wadder 101 to
be added with signal qg[err] on the other hand. The output of the adder 101
I's i nputthed eixeilting circuit to be used in the structure of Fig. 10;

Figure 12 is a block diagram showing a configuration of
a single reed musical instrumeﬁt;according to an embodiment-of
the invention;

Figure 13 is a block diagram showing a configuration of
a singie reed musical instrument according to another embodiment
of the invention;

Figure 14 is a block diagram showing a configuration of
a singleﬂreed musical instrument according to still another
embodiment of the invention;

Figure 15 is a block diagram showing a configuration of
a single reed musical instrument according to still another
embodiment of the invention ;

Figure 16 is a 1ongitudinal sectional view of a wind
instrument with a conical tube to be simulated by a wind
instrument according to an embodiment of the invention; and

Figures 17 to 22 each shows a longitudinal sectional
view of a wind instrument according to embodiments of the

invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figure 1 is a block diagram showing a basic
configuration of a tone synthesizer according to an embodiment
of the invention. In Fig. 1, the tone synthesizer-comprises an
exciting circuit 1 for simulating a mouthpiece of a wind

acoustic instrument, a junction 2, a first and a second



sanpl i ng period delay circuit 200. The output ofgﬁﬁkgg?t**qj”if heri od
delay circuit 200 is inputted to a subtracter 24 § hdjand al so
toamltiplier 21, in which the output is multiigli¢PMARARFE r}l. 1 The
output of the nultiplier 21 is inputted to an cdcer 27, the oufpdt qlerr]
of which in turnis fed to the waveguides W ard *®
further fed to the subtracter 24 as a-mnuend. |The outgut of of _fihe
subtracter 24 is in turn fed to the other input of the adder 101 and to
the nul wiapleigeri dEON1 Ered A2 pdanfiest rflor doinpllatimgt dkanattepietit®2ofi a
fed to the adder 103, which feeds back the output to the exciting circuit
1. Sincerkleonane dubaifed el tidethel atmit ngignal of the exciting

circuit 1 through the junction 2. and connected in parallel to
each other by the junction 2, and a control circuit 3 for
controlling the parameters of the exciting circuit 1, the
junction 2 and the waveguides W1 and W2. The control circuit 3
includes a pitch information supply which controls the resonance
pitch of at least one of the waveguides W1 and W2 in response to
a tone pitch designated by a player, for example, in a keyboard.

The wave-guides W1 and W2 are coupled with each other to
simulate an input acoustic impedance of a conical resonance
tube, each simuléting an impedance obtained by analytically
decomposing the acoustic impedance of an acoustic resonance
tube.

To help understanding of the invention, analytic
decomposition of an acoustic wind instrument will be described
first.

The input acoustic impedance Z of a conical tube of a
wind acoustic instrument depicted in Fig. 2 can be expressed by

the following equation.

N
"

j-pc-k-X-sin(k-L)/{S(sin{k-L)+k-X-cos(k-L)}

1/{8/(j-p-c-k-X)+8/(j-p-c-tan(k-L)} e (1)

wherein the symbols p, ¢, X, L, and S represent density of the

medium (g/cm®), velocity of sound{(cm/sec), length of the throat
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period delay circuit 200, the transm ssion ciri

RERLAGEMENT) i

44 act as a
r of the

del ay-free | oop. In order to faithful]yf{sinulate benz

single- reed acoustic instrument, however, itjif desMapbiertHat] 1
sanpling period delay circuit 200 is not included, and yet thdt | the del ay
-free loop is avoided in the circuit. Frg. 13 shows :

17

Haph AT, I,

of the conical tube (cm), the length of the conical tube (cm)
and cross-sectional area of the conical tube at the location of
the minimum diameter, respectivély. Symbol k represents wave
number (rad/cm) and is expressed as k=2x/A, wherein A is the
wave-length of sound.

The first and the second terms appearing in the

dedominator in equation (1) are rewritten as,

Zx

= j-p.c.k.X/s
= j-o-p-S-X/S% = jro-m/S% = j-o-M . el (2)
ZL =

(j-p-c-tan(k-L))/S .. (3)

wherein & represents angular frequency (rad/sec) of sound and is

expressed as ow=c*k. Then the following equation is obtained:
1/2 = 1/24x+1/Z; ee.. (4)

From above equation (4), it is understood that the
input acoustic impedance Z of a conical tube is equivalent to
the impedances Zx and Z. connected in parallel to each other.
The impedance Zx can be simulated by an inertance M expressed as
M=p-X/S(g/cm4). Because an input impedance Zi at the
transmission end of a transmission line having loss-less
parallel lines, when short-circuited at the receiving end, is

expressed as Zi=j-tan(k-L), the impedance Z, can be simulated by
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such an enbodi nent in which 1 sanpling period . Is omtted
fromthe circuit shown in Fig. 12. In Fig. 13, it her |

€nbodi ment of a tone synt hesi zer in which, in : of the
out put of the subtracter 24 to the addgé 101, {t he

multipliers 22 and 23 are fed to the der 104. havi ng a
mul tiplication factor 1/ (a[err]+aferr]) is di $pessd-hat mat el adder 101
and the nmultiplier The enbodi nent shown in Fig. 13 does not

conpri se2 iGEP&yaFQBEtiBu@mBBéﬁBFés°fa§ geddndrdf e rttthmaftasting a
equivalently to a circuit in which 1 sanpling period delay |oop 200 is
onitted ¢pnatant dibodiernandhennopenrFiegd .12 Consequentlyssifed s

concluded that the conical resonance tube depicted in Fig.2 is
equivalent to a cylindrical resonance tube in Fig. 3, of which
one end is open and the other end is connected to an inertance
member with inertance M, the resonance tube having a cross-
sectional area S and a length L. The breath of a performer is
injected into the junction as indicated by an arrow P between
the inertance member M and the cylindrical tube.

When a conical tube,.i.e. the so-called bugle, is
substituted by a pair of cylindrical tubes, the control of the
£one pitch can be made imply through the control of delay
amount, i.e. the amount of delay corresponding to the tube
1ength_L.

In a former proposal by the present assignee (JP-A 3-
235997), a multiplicity of junction coefficients and delay
lengths should be controlled in mutually ihterrelated manner for
suppressing the_tone color change upon change of fhe tone pitceh.

If the length of the throat X of the conical tube in
Figa_z is short enough, then the impedance Zx in equation (4)

can be approximated with the following equation,
x % (j-p-c-tan(k-X))}/S ee.. (B)

‘'The impedance Zx can be also simulated, from the equation (5),

by an input acoustic impedance of a cylindricalzresonance_tubé



that there is not provided 1 sanpling period d

BﬁgiégggﬁglegﬁgﬁTklg. 12 and

that Z[err], g[err]qg[err],q[err]qg[err[qg[err] anpd q[ éé@%{%% esegnt the

'out put of the exciting circuit 1, the output o
of the subtracters 24, 25, the output of the

he out puts
It| plier 6, the butput of

the subtracter 26, and the output of tshe mul ti|plier 9, respecti/ely. Then,

the foll owi ng equati ons hold. [err] ™

A s e e

with a cross-sectional area S and a length L. Consequently, the
conical tube in Fig. 2 is equivalent to the resonance tube model
shown in Fig. 4 by applying the approximation of equation (5) to
the tﬁroat portion. As shown in Fig. 4, the inertance member M
of the resonance tube in Fig. 3 is replaced by a cylindrical
tﬁbe with a length X by the approximation by equation (5).

- The acoustic instrument with a conical tube shown in
Fig. 2 is equivalent to a wind instrument comprising two
cylindrical tubes each of which has a cross-sectional area S and
lengths X and L respectively. Thérefore, a conclusion is
obtaihed that the acoustic instrument with a conical tube is
simulated by a tone synthesizer which simulates the wind
instrument shown in Fig. 4. In case of the resonance tube model
of Fig. 4, the breath of a performer is injected into the
Junction between a cylindrical tube with a length L and a
cylindrical tube with a length X, as indicated by an arrow P.

The synthesizer shown in Fig. 1 is adapted to simulate
the resonance tube model in Fig. 4 and a resonance tube model
shown in Fig. 5 which will be described later. The waveguides
| W1l and w2 of Fig. 1 correspond to cylindrical tubes with a
length L and a length X, as shown in Fig. 4. In case of the
resonance tube model in Fig. 4, the resonance frequency can be
changed by changing the length L. Consequehtly, also in case of
the synthesizer in Fig. 1, which simulates the resonance tube
model in Fig. 4, the tone pitch can be changed continuously by

controlling the parameters of a waveguide or waveguides.
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18 . and glerr] = qg[err]+Z[err] i e

. - (18) VWhen above equations (14), (15) dnd (31®)MARAEI®O! Yed for the
-out put g[err] of the synthesizer, [err]

" Specifically, the delay length of the waveguide W1, which

corresponds to a cylindrical tube of length L, may be varied in
correspondence to the length L or the desired tone pitch.

When the length X of the throat of the conical tube is
considerably long so that the approximatioﬁ-with the above
equation (5) is not accurate, the following approximation can be
applied. The cross-sectional area S and the length X ih
equétion (2) are substituted by parameters S1 and X1 which
satisfy X/X1=S/S1 and kX<kl. By this substitution, the

following equatioh is obtained:
Zx = j-p-¢c-k-X/S = j-p-c-k-X1/S1 <... (8)

Since k-x1 is smaller than 1 in equation (8), the equation (6)

can be approximated by the following equation,
Zx ~ (j-p-c-tan(k-X1))/S1 ve.. (T)

Fig. 5 shows the structure of a resonance tube mode; aé
obtained by approximation according to equation (7). The
cylindrical tube with a cross-sectional area S and a length X as
shown in Fig. 4 can be approximated by a cylindrical tube with a
cross-sectional area S1 and a length X1 in Fig. 5, according to
the approximation of impedance Zx, In order to obtain an
accurate approximation according to the equation (7), it is

desirable to select k-X1 as small as possible. Consequently, in
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The. si gnal having the sanme value as q[err] provii“ Ve tar (19)
I's, therefore, generated as the output of the synfhesizer. Cons ntly,
sthe circuit of Fig. 13 operates equivalently to e CRZWMARIWEA vhillch 1

sanpling period delay circuit 2[err] is omtted ffribmthe circuit Fig

: If it is possible to assugg that thegynmultiplication fijactor

alerr] of the multiplier 21 is equal tT 1, then altaone Moihesd {

in Fig. 14 can be obtained by sinplifying the tone synthesizer in Fig. 13.

Furt her,oifleft tbsTaoshifllieyt genesatee stiltdl arumtisildadatdscamdsadoreajearatedf

the multiplier 21 is equal to 1 and the nmultiplication factor of the

mul tipligySsdeh a conical resonance tube as shown in Fig. 2, it is
desirable to select the length X1 of the resonance tube model
shown in Fig. 5 as shorﬁ as possible. For realizing this
condition, the time required for one circulation of the signal
in the wave-guide, i.e. the delay time corresponding to the
length X1, is selected as short as possible. When the wave-
guide is implemented by a digital circuit, for example, the
number of cascaded stages in a delay element constituted by ,
for example, a shift register inserted in the waveguide is
preferably selected as 1. As a result, total delay time can be
reduced so that the synthesizer can generate accurate musical
sounds as generated by an acoustic instrument with a conical
tube.

Figs. 8 to 8 each shows an acoustic wind instrﬁment
according to an embodiment of the invention. Each wind
instrument corresponds to a corresponding resonance tube model
shown in Figs..3 to 5, respectively. These acoustic wind
instruments can more closely simulate acoustic wind
instruments, due to the provision of a mouthpiece with a cross-
sectional area So at the junction between a cylindficai tube and
an inertance member or bétween two cylindrical tubes.

A block diagram of a tone synthesizer for simulating
wind instruments as depicted in Figs. 7 and 8 is shown in Fig.

9, which is a more detailed block diagram of a tone synthesizer

than that of Fig. 1. The value of a parameter or parameters of
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and 23 are the sane, i.e. a[err]=alerr] exis §E3¥ﬁ%5€£¥g;§§§%% Fig. 13 can
be replaced by a sinple circuit shown in Fig SR Ih JFigs. 1lferr]
‘to 15, at least one of the exciting circuit j1 mﬁ%@égdpgés ., W2, Werr],
Werr]' and the junction 2 may be replaced pyila .DSP _egujval | y operating

the corresponding electronic circuit fanctipns by executing rtain
prograns. —_ e N P

each component in the circuit is determined depending on a wind
instrument model to be simulated.

The waveguide W1, corresponding to the first cylindriéal
tube with a length L in Figs. 7 and 8, comprises a dela& circuit
4 for simulating a time requifed for a sound signal to |
reciprocate in the wind instrument, a low-pass filter 5 fér
simulating acoustic loss in the cylindrical tube, and a
multiplier 6 with multiplication factor 7 . for simulating sound
reflection at the tube énd._ The delay circuit 4 is constituted
by a shift register having a number of the stages equal to
Fs2L/c and driven by a clock signal with a constant angular
fregquency Fs.

The waveguide W2 corresponding to the second cylindrical
tube with a length X in Fig. 7 or a length X1 in Fig. 8
comprises, as in the case of the first waveguide W1, a delay
circuit 7, a low-pass filter 8, and a multiplier 6 with a
multiplication factor y x. The number of the cascaded stages of
a shift register constituting the delay circuit 7 is equal to
Fs2X/c or Fs2X1l/c, corresponding to the second cylindrical tube
in Fig. 7 or Fig. 8, respectively. In case of the latter,
however, the number is more preferably selected at 1.

The junction 2 is inserted between the exciting circuit
1 and the waveguides W1 and W2, and comprises output multiplier
21, 22 and 23 each of which.multiplies the signal transmitted
from the exciting circuit 1, wavegﬁides W1l and W2 with

multiplication factors a;, o and ax, respectively.
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- The. enbodi nents descri bed above relate to tone synthesizers synthesizing

musi cal tones by way of electronic circuits or a digital signal processor

‘executing certain programs. The present invention, however, does not

limted only to such tone synthesizers, but covers acoustic w nd

I nstruments obtained by transform ng r®nventional acoustic w nd
instrunents based on the principle of " the invention. Figs. 17 to 22 show
enbodi ments of acoustic wind instrunments according to the invention. These
wind instrunents ane ¢kwe sefl tlye abphyi signthesiadovsimehbacdngd theakisids for
transformng an acoustic wind instrument such as shown in Fig. 16

conpri sijRg - uaiH € dodabein g and, at®Uhipt epeid8Rieht Aabedrso «3 SRl |
di aneter end of the

and ax of Fig. 9 are determined as,

a;, = 2S0/(So+28) ..o.. (8)

dr. = 2S/(So+2S) . | 1.2 MAR BT e (9)
and B |

ax = ar —— ... (10)

In case of the tone synthesizer simulating the wind instrument
model in Fig. 8, the multiplication factors a:, ar and ax are

determined as,

a;: = 2S0/(So+S+S1) = 2S0/(So+S+(X1/X)S) . ... (11)
ar = 25/(So+S+(X1/X)8S) _ . o (12)
ar = 2(X1/X)S/(So+S8+(X1/X)S) ... (13)

In order to accurately simulate pressure change
propagation caused by air vibration in the mouthpiece in Figs. 7
and 8, there is preferably provided a tone synthesizer
comprising a third waveguide W0 as shown in the block diagram of
Fig. 10. The third waveguide W0 is inserted between the

exciting circuit 1 and the junction 2, and comprises a plurality



coni cal tube. A wi nd instrunent accordijng
invention shown in Fig. 17 conprises a nouthpie egel
‘menber 302, a tube nenber 303 nounting at one epd] t
el enent or inertance nenber 304 adjacent to th
and a cylindrical slide-tube 305 slidably telegcoped into the other end of
the tube nenber 3[err]3. The inertance el enent S Trertemee M as
explained with reference to Fig. 6. The inertial mass mof the inertance
el enent o5 cduhlad metli ass praadh Xinehedingsanddlaacipcpgtcapdr g B- S(
cnferr]), and X (cm represent medi umdensity, cross-sectional area
multiplication-~-lattice junction.

EMR%QX | u hpi ece

ereor a

Now, the configuration of the exéiting circdit 1 will be
described with reference to Fig. 11. The exciting circuit 1
comprises non-linear circuits 107 and 110, filters 105 and 1086,
a subtracter 104, adders 103 and 109, multipliers 108, 111 and
112. The signal from the wave-guide W@ is fed to one of the
inputs of the adder 101, and also to one of the inputs of the
adder 103 through the multiplier 102 where the signal is
doubled. The output of the adder 103, which is a signal
corresponding to air vibration to be fed-back to the reed in the
mouthpiece of the wind instrument, is inputted to the subtracter
104. The signal P corresponding to the blowing pressure by the
performer is subtracted in the subtracter 104 from the output of
the adder 103.

| The output of the subtracter 104, which is a signal
corresponding to the pressure in the mouthpiece is fed to the
phase correcting filter 105, in which high frequency components
in the signal are damped. The output of the filter 185 is
inputted to the filter 106, which is usually constituted of a
low-pass filter and simulates response characteristics of the.
reed responsive to pressure changes in the mouthpiece. The
output of the filter 105 is also fed to the non-linear circuit
107 ﬁhich simulates saturatioﬁ characteristics of the flow rate
of thé air-flow in the moufhpiece with respect to the air

pressure in the mouthpiece. The filter 106 is controlled by the



of the conical tube at the end of m ninum di AN Bk
throat respectively. This enbodi nent of the '”ﬁﬁﬁtggéﬁf'
nusi cal, tone equivalent to the nusi cal
20 tone generated by a wind instrument wt cqIp AR 1§%ibe {shown in Fig.
16. Besides, it is possible to change figne piftgh snoothly . by ¢hanging the
total length of the tubes 303 and 308. s possIblejto formboth
t he nout hpi ece el enment 302
control circuit 3 as shown in Fig. 1

ngth of the
n generate a

G change the cut-off
frequency fc and selectivity Q thereof.

The output of the filter 106 is multiplied in the
multiplier 108 by a gain G, and then is fed to the addef 109, in
which an embouchﬁre signal E corresponding to the force applied
to the mouthpiece by a performer 1s_added to the output of the
multiplier 108. The output of the adder 109, which is a signal
corresponding to the pressure applied to the reed, is fed to the
non-linear circuit 110 simulating change of the cross-sectional
area of the gap between the reed and the mouthpiece.

The outputs of both the non-linear circults 107 and 110
are inputted to and multiplied by the multiplier 111, from which
a signal is outputted corresponding to the volume flow rate of
the air paséing through the éap between the mouthpiece and the
reed. The output éf the multiplier 111 is further multipiied in
the multiplier 112 by a value Z corresponding to the impedance
agaiﬁst the air-flow in the mouthpiece. The output of the
multiplier 112, which is a signal corresponding to pressure
change occurring in the mouthpiece, is fed-back to the other
input of the adder 103 and also transmitted to the wave-guide WO
through the adder 101 where the above-mentioned output of the
wave-guide W0 is added.

Now, an embodiment of a synthesizer for synthesizing a
tone of a single-reed acoustic instrument will be described.

The model for a single-reed acoustic instrument is constructed

by reducing the delay time in the wave-guide corresponding to a



and.the inertance el ement 304 in a unitary body;wrttr
or to forma nout hpi ece nenber 302 and a i ner C& - g&gg%
fromthe tube menber 303. In latter case, th |nert

attached to either the nouthpiece nmenber 30 the. tuhe nei e

enbodi

A | 2 T
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menber 303,
separately

304 can be
r 303.

A wnd instrument shown in Fig.
I nvention is formed with,
t he nout hpi ece nenber 302 near

18 accakdi ng ft o anot her ment of the
in place of The i eme«l-femﬁ-ta-%d4, a hol e at
the junction between the nout hpi ece nenber

302 and hmbaethphecenepbar vad3, lidwe vadlue .30 Heawawe -aruicjenompai £es Sliand a

hei ght

X1. Values S1 and X1 are so determned that they satisfy the
place of wave-guide W@ partly shown in Fig. 11, dual-direction

transmission circuit W@' comprising 1 sampling period delay
circuit 200 inserted in one of the.parallel lines. The
configuration of the waveguides W1 and W2 are the same as those
in Figs. 9 and 10.

The output Z,. of the exciting circuit 1 is fed an adder
103 on one hand and to an adder 101 to be added with-signal Q.
on the other hand. The output of the adder 101 is inputted to 1
sampling period delay circuit 200. The output of the 1 sampling
period delay circuit 200 is inputted to a subtracter 24 as a
subtrahend and also to a multiplier 21, in which the output is
multiplied by «:.. The output of the multiplier 21 is inputted
to an adder 27, the output gq; of which in turn is fed to the
waveguides W1 and W2. The output gq; is further fed to the

subtracter 24 as a minuend. The output of of the subtracter 24

is in turn fed to the other input of the adder 101 and to the

multiplier 102. The output q,, doubled in the multipler 102, is

fed to the adder 103, which feeds back the output to the
exciting circuit 1. Since the loop circuit includes 1 sampling
periéd delay circuit 200, the transmission circuit Wo' will not
act as a delay-free loop.

In order to faithfully simulate behavior of the single-
reed acoustic instrument, however, it is desirable that 1
sampling period delay circuit 200 is not included, and yet that

the delay -free loop is avoided in the circuit. Fig. 13 shows
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equation S1/S=X1/X. In this enbodinent, a function simlar to that of the
enbodi nent in Fig. 17 can be obtained. Further, it is possible to adopt a
hole 306 with a large dianmeter and to partly close the hole 306 with a
finger during performance. In this case, tone pitch can be changed with
t he- change of the area of the effectiygg opening of the hole 306. The
configuration and the role of the slide-tube 305 are the sane as the ones
in Fig. 17. A wind instrument shown in Fig. 19 according to stil
anot her subbdaneamboflimeati imewhich dospmpddsga peyiiiouddeday boisscu 307200
connected to the nouthpi ece nmenber 302 in Fig. 18 and '
is omitted from the circuit shown in Fig. 12. In Fig. 13, there
is shown an embodiment of a tone synthesizer in which, in place
of feed-back of the output of the subtracter 24 to the adder
101, the outputs of the multipliers 22 and 23 are fed to the
adder 101. A multiplier 201 having a multiplication factor
1/(ax+tar) is disposed between the adder 101 and the multiplier
21.
The embodiment shown in Fig. 13 does not comprise a
delay loop, but operates, as described hereinafter, equivalently
to a circuit in which 1 sampling period delay loop 200 is
omitted from the embodiment shown in Fig. 12. If it is assumed
that there is not provided 1 sampling period delay loop 200 in
Fig. 12 and that Z¢, 96,9:,9:12,G0r,9:x and g.x represent the
output of the exciting circuit 1, the output of the adder 101,
the outputs of the subtracters 24, 25, the output of the
multiplier 8, the output of the subtracter 26, and the output'of
the multiplier 9, respectively. Then, the following equations

hold.

Qs = QortQoxdxt+Qoldx ... {(14)

REPLACEMENT SHEET
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e T e ... (16)

Qix = G5-QGox ... (17)
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21 . another slide-tube 308 slidably telescoped |nto the boss 307. This

enbodi nent can generate change of tone pitcly
changing the throat |ength X of the conical lig st
i nstrument shown in Fig. 20 according to stnl@

i nvention conprises in addition to the 1gongti

I nstrunent as shown in Figs. 17 to

and

Qo = Q.+2Z;¢

When above equations (14),

anot her e

t uenty b gapnt

ML AR SR S0 1N, 5 e DT

(15) and (18) are solved for the

output q. of the synthesizer,

do

(Qor@r+Goxax*Z¢e)/(2-a;y)

(Qorar+Qoxax+Ze)/(ar+ax) ce.. (19)

The signal having the same value as ¢, provided by the equation

(19) is, therefore, generated as the output of the synthesizer.

Consequently, the circuit of Fig. 13 operates equivalently to

the circuit in which 1 sampling period delay circuit 200 is

omitted from the circuit of Fig. 12.

If it is possible to assume that the multiplication

factor. «; of the multiplier 21 is_equal to 1, then a tone

synthesizer shown in Fig. 14 can be obtained by simplifying the

tone synthesizer in Fig. 13.

Further, if it is possible to

assume that multiplication factor a; of the multiplier 21 is

equal to 1 and the multiplication factor of the multipliers 22

and 23 are the same, i.e.

aL=ax.exists, the circuit of Fig. 13

can be replaced by a simple circuit shown in Fig. 15.

In Figs. 10 to 15, at least one of the exciting circuit

1, wéve—guides Wl, W2, Wo, Wo' and the junction 2 may be

replaced by a DSP equivalently operating the corresponding

electronic circuit functions by executing certain programs.
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19, .a plurality of holes at the tube nmenber 303 '
air-tubes ) RT1 - RTk are connected for selecti r@g@@ﬂgﬁﬁynn el Inthis
enbodi nent, those portions not shown in the drawfng are st o the
correspondi ng parts of the enbodi nents shown ih Fgs~1l_10 1 he
regi ster tube RT1 disposed near the mthpiecef el ement is relat to high
pitch tone and the register tube RTk diisposed far Tromrt+he~~meuddpi ece
elenent is related to low pitch tone. In this enbodi ment, operation of
cl osi ng or openi et kabosdimsmndrs Agser 1R abavr dfiestq cteinge
resonance node which otherwi se would be determ ned by the effective |length
of the tsprethestheers3&¥ndhestilzd ngt imes-itaade 30Bs vy et aheelepbrphich
range can be

circuits or a digital signal processor executing certain

o

r tubes (

programs. The present invention, however, does not limited only
to such tone synthesizers, but covers acoustic wind instruments
obtained by transforming conventional acoustic wind instruments
based on the principle of the invention. Figs. 17 to 22 show
embodiments of acoustic wind instruments according to the
invention. These wind instruments are devised by app;ying'the
above-mentioned analysis for transforming an acoustic wind
instrument such a§ shown in Fig. 16‘comprising a conical tube
301 and a mouthpiece 382 attached to a small diameter end of the
conical tube.

A wind instrument according to an embodiment of the
invention shown in Fig. 17 comprises a mouthpiece element or
mouthpiece member 302, a tube member 303 mounting at one end
thereof an inertance element or inertance member 304 adjacent to
the mouthpiece element 302, and a cylindrical slide-tube 305
slidably telescoped into the other end of the tube member 303.
The inertance element 304 has inertance M as explained with
reference to Fig. 6. The inertial mass m of the inertance
element is obtained as m=a-S-X, when assumed that p (g/cm®), S(
cm®), and X (cm) represent medium density, cross-sectional area
of the conical tube at the end of minimum diameter, and the
length of the throat respectively. This embodiment of the wind

instrument can generate a musical tone equivalent to the musical
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wi dened during performance. A wind instrume :f et )
according to still another enbodi nent of the invent qgggéfggg ,
of the slide-tube 305 of above enbodi nents ‘shown in F g§ 0,
anot her slide-tube 309, the open end of which is diver :
this enbodi ment, the em ssion characte2Ostics of thg tone can be inprpved.

o e TN "

tone generated by a wind instrument with a conical tube shown in
Fig. 18. Besides, it is possible to éhange tone pitch smoothly
by changing the total length of the tubes 303 and 308.

It is possible to form both the mouthpiece element 302
and the inertance elgment 304 i; a unitary body with the tube
member 303, or to form a mouthpiece member 302 and a inertance
member 304 separately from the tube member 303. 1In latter case,
the inertance member 304 can be attached to either the
mouthpiece member 302 or the tube member 303.

A wind instrument shown in Fig. 18 aécording to another
embodiment of the invention is formed with, in place of the
inertance element 304, a hole at the mouthpiece member 302 near
the junction between the ﬁouthpiece member 302 and the tube
member 303, the hole 308 having an opening area S1 and a height
X1. Values S1 and X1 are so determined that they satisfy the
equation S1/§=X1/X. 1In this embodiment, a function similar to
that of the embodiment in Fig. 17 can be obtained. Further, it
.is possible to adopt a hole 306 with a large diameter and to
partly close the hole 306 with a finger during performance. In
.this case, tone pitch can be changed with the change of the area
of the effective opening of the hole 3068. The configuration and
the role of the slide-tube 305 are the same as the ones in Fig.
17.

A wind instrument shown in Fig. 19 according to still
another embodiment of the invention comprises a cylindrical boss

307 connected to the mouthpiece member 302 in Fig. 18 and
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The | ast enbodi ment of the wind instfument shown T Hig. 22

(grrpl'oys, i n place of the tube nenber 303 and the [sij dQZMHg% 5liq the
310 fo

enbodi mrents shown in Figs. 17 to 19, a cylindri
regi ster tubes RT1 ~ RTk and a plurality of anoth
tone holes k1l ~ km fornmed thereon. 21 Al t ough each of w nd

qd with
| jed as

al r

tube

i nstruments and tone synthesizers described above can peeorstractfed to
generate a tone simlar to the tone generated by a conventional w nd

i nst runeahotheelr 31 ideritudle t3fse,sltikabie deritesanmad i ot stiwtbo$si 3@d. t o
only such :

. This embodiment can generate change of tone pitch similar to
that obtained by changing the throat length X of the conical
tube. |

A wind instrument shown in Fig. 206 according to still
another embodiment of the invention comprises in addition to the
constituent elements of the instrument as shown in Figs. 17 to
19, a plurality of holes at the tube member 303, to which
register tubes ( air-tubes ) RTL ~ RTKk are connected for
selecting resonance mode. In this embodiment, those portions
not shown in the drawing are similar to the corresponding parts
of the embodiments shown in Figs. 17 to 19. The register tube
RT1 disposed near the mouthpiece element is related to high
pitch tone and the register tube RTk disposed far from the
mouthpiece element is related to low pitch tone. In this
embodimentf operation of ciosing or opening the register tubes
RT1 ~ RTk enables to change resbnance mode which otherwise
would be determined by the effective length of the tube member
303 and the slide-tube 305, so that the tone pitch range can be
widened during performance.

A wind instrument shown in Fig. 21 according to still
another embodiment of the invention employs, in place of the
slide-tube 305 of above embodiments shown in Figs. 17 to 20,
another slide-tube 309, the open end of which is divergingly
tapered. With this embodiment, the emission characteristics of

the tone can be improved.
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configuration. It is possible to construct a wind instrunent or a tone
synt hesi zer for generating an entirely new nusical tone by way of free

~selection of the length of the cylindrical tube, inertance of the
i nertance el enents or each of the paraneters. Si nce above
enbodi nents are described only for exagples, the present invention is not
limted only to such enbodiments and™t will be obvious for those skilled

in the art that various nodifications or alterations can be easily nade
based on the abbhe tabtdembotimenteoft tbeswipd dnstthramemtersthoymn in

Fig.22 employs,  in place of the tube member 303 and the slide
tube 305 in the embodiments showp in Figs. 17 to 19, a
cylindrical tube 31@ formed with register tubes RT1 ~ RTk and a
ﬁlurality of another air holes called as tone holes k1l ~ km
formed theréon.

Although each of wind instruments and tone synthesizers
described above can be constructed to generate a tone similar to
the tone generated by a conventional wind instrument with a
conical tube, the present invention is not limited to only such
configuration. It is possible to construct a wind instrument or
a tone synthesizer for generating an entirely new musical.tone
by way of free selection of the length of the cylindrical tube,
inertance of the inertance elements or each of the parameters.

Since above embodiments are described only for examples,
the present invention is not limited only to such embodiments
andlit will be obvious for those skilled in the art that various
modifications or alterations can be easily made based on the

above embodiments under the scope of the invention.

12 MAR 1997
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What. is clained is: A tone signal synthesizer, conprising:

first tﬁTﬂﬂTﬁﬁﬁ?ﬂiﬂ~TT?ﬁﬁﬂ1SS|on means for receiving ngﬁ reflectlngwa

first eI
del ay el
second b
second e

m“ haV| ng a first input, a fijss
m‘\‘ !mm gtween said first i nput and-y
il reecti oMal St ransmi ssi on neangsfor receivir

| ectrical signal, having a second input, a

'r.eflectl gla
12MAR1997

What is claimed is:

1. A tone signal synthesizer comprising:

first bidirectional transmission means for receiving and
reflecting a first electrical signal, having a first input, a
first output, and a first delay element connected between said
first input and said first output;

second bidirectional transmission means for receiving and
reflécting a second electrical signal, having a second input, a
second output, and a second delay element connected between said
second input and said second output;

pitch information generating means for generating pitch
information which designates a tone pitch of a musical tone to
be synthesized, for controlling at least one of said first and
second delay elemenfs;

exciting means for generating an exciting electrical
signal;

control means for generating control signals in response
to a tone color of musical tone to be synthesized; and

junction means, coupling said first and second
transmission means and said exciting means, for combining
signals supplied therefrom and inputting the combined signals

thereinto in accordance with the control signals.

2. A tone signal synthesizer according to claim 1, whe;ein

said junction means includes means for combining input signals



secong_gnggL+_and_a—seeend del ay el ement connected between said second

l.nput and said secon ut put ; pitch information generating neans
for ﬂ“{“‘““‘“m\lmﬁ forrratlon whi ch designates a tone pitch of a
nu3|can“l Hesi zed, for controlling at |east one of said fi
and second délay efenents exgigting neans for generating an

exciting electrical S|gnal control means for generating contro
signals in response to a tone color of nusical tone to be synthesized;
j unct i onandaputpudiingngosdilgefd osttpauiss saubniiterface means for

connecting and adjusting signal transfer between the combining
means and respective one of said first and second transmission

means and said exciting means.

3. A tone signal synthesizer according to claim 1, wherein
said first bidirectional transmission means further includes a
first reflection multiplier for multiplying a first reflection
coeffigient to said first electrical signal, and said second
bidirectional transmission means further includes a second
reflection multiplier for multiplying a second reflection

coefficient to said second electrical signal.

4, A tone signal synthesizer according to claim 1, wherein
said junction means includes a first multiplier for multiplying

a first multiplication factor to an output of said first

bidirectional transmission means and a second multiplier for

multiplying a second multiplication factor to an output of said

second bidirectional transmission means.

5. ‘A tone signal synthesizer according to claim 4, wherein
said junction means further includes a third multiplier for
multiplying a third multiplication factor to an output of said

exciting means.

REPLACEMENT SHEET
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transm ssion neans and said exciting neans, for conbining signals supplied
t herefrom and |nputt|ng the conbi ned S|gnals thereinto in accordance with

the con A tone signal synthesizer according to claim
1, wher I I”ﬂﬂﬂ] n‘gmnmn means includes neans for conbining input signals
and out putte ng- cenbsned outputs and |ntgyface means for

6. A tone signal synthesizer according to claim 4) wherein
said junction means further includes a first signal path short-
circuiting the input and the output of said first bidirectional
transmission means and a second signal path for short-circuiting
the input and the output of said second bidirectional

transmission means.

7. A tone signal synthesizer acéording to claim 6, wherein
said first transmission means includes a first low path filter

and second transmission means includes a second low path filter.

8. A tone signal éynthesiZer according to claim 3, wherein
said first delay element is a shift register-having a variable
number of stages controlled by said controller and said second
delay element is a shift register having a fixed number of

stages which is smaller than said variable number of stages.

9. A tone signal synthesizer according to claim 1, further
comprising a third bidirectional transmission means for
transmitting an electrical signal in both directions, connected

between said exciting means and said junction means.

10. A tone signal synthesizer according to claim 8, wherein

said third bidirectional transmission means includes lattice

shaped junctions.

REPLACEMENT SHEET
12 MAR 1997
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conngg;;gg_gggﬂgnggLLng signal transfer between t' ! '
r.esp ne of said first and second transm ssi

exciti ﬂm‘l A tone signal synthesi zee i

wher ei Hg‘\ﬁ“‘g ““m i rectional transm ssion nedgny furt er

first tommmflti*plier for multiplygng a fir
to said first electrical signal, and sard second Ldirectiona
transmi ssion means further includes a second reflection ottt ple el f Or
mul ti pl yirlg.- a setotene e$ignal osyntbesirereaccosdingdtocedndmelechieggin
si gnal .

i ci ent

said exciting means includes a filter having a cut-off frequency
and a selectivity, and receiving an input signal expressing a
pressure and giving predetermined characteristics to the input

signal to simulate response characteristics of a reed.

12. A tone signal synthesizer according to claim 11, wherein
said exciting means further includes an adder for adding an

embouchure signal to the input signal.

13. A tone signal synthesizer according to claim 11, wherein
said exciting means further includes a first non-linear circuit
for affording a non-linear input-output characteristics to an

output from said filter.

14. A tone signal synthesizer according to claim 13, wherein
said exciting means further includes a second non-linear circuit
for receiving the input and affording a second non-linear
saturating input-output characteristics thereto, and a fourth
multiplier for multiplying output of said first and second non-

linear circuits.

15. A tone signal synthesizer simulating a tone generation
mechanism of a wind instrument having a conical resonance tube
by approximating the conical resonance tube with two cylindrical

resonance tubes, the synthesizer comprising:



4. . —Atone signal synthesizer according to cl
junction nmeans includes a:first nmultiplier for mjgt plylng

LR T T R R o Giyeaed

1¥iplying a sec
mul tiplicatfon-fdttdr to an out put of <l d secon

brdrrecti onal
transm ssi on neans. 5. A tone signal synthesizer accandi.ag claim
4, wherein said junction neans further includes a third nultiplier for
mul tiplying a tfimstnbidiréctiomnl ftvansmi9shononepns., oﬁlgalétiéﬁcpﬂﬁngf
means.

the two cylindrical resonance tubes, for receiving and

reflecting a first electrical signal, having a first ipput, a
first output, and a first delay element connected between said
first input and said first output;

second bidirectional transmission means, simulating the
other of the two cylindrical resonance tubes, for receiving and
reflecting a second electrical signal, having a second input, a
second output, and a second delay element connected between said
second input and said sécond output;

exciting means, simulating a mouthpiece df the wind
instrument for generating an exciting electrical signal;

control means, for generating control siénals which
control the first and second transmission means and said
exciting means; and
| junction means, coupling said first and second
transmission means and said exciting means, for combining
signals supplied therefrom and inputting the combined signals
thereinto in accordance with the control signals so that the
first and second bidirectional transmission means simulate the
two cylindrical resonance tubes corresponding to the conical

resonance tube.

186. A tone signal synthesizer according to claim 15, wherein
said first bidirectional transmission means further includes a

first reflection multiplier for multiplying a first reflection



6. . A tone signal synthesizer according to claim4, wherein said
junction nmeans furtter—tncludes a first signal path short- ~circuiting the

i-nput ‘'said first bidirectional transmssion nmeans and a
secomm! g Iw lﬁ!”ﬂ short-circuiting the input and the output of said
second *br @i rectla = Lransm ssi on neansg

. ; p——

coefficient to said first electrical signal and said second
bidirectional transmission means further includes a second
reflection multiplier for multiplying a second reflection

coefficient to said second electrical signal.

REPLACEMENT SHEET
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7. . A tone signal synthesizer according to claim®6, wherein said first

transm ssion neans includes a first low path filter and second

“transni ssi on nmeans includes a second | ow path filter. 8. A tone

si gnal synthesizer according to claim3, wherein said first delay el enent

is a shift register having a variable “punber of stages controlled by said

controller and said second delay ele t is a shift register having a

fi xed nunber of stages which is snmaller than said variable nunber of

st ages. 9. A tone signal synthesizer according.to-etarm:1i further
WIND TYPE TONE SYNTHESIZER | (e
ABSTRACT P

An acoustic wind instrument having a conical tube is
simulated by two cylindrical tubes communicated to each other at
each one end. A parallel connection of electrical signal
transmission lines, each simulating a cylindrical tube
constitute a synthesizer synthesizing the sound of the conical
acoustic wind instrument. Each signal transmission 1ine..
includes a shift register for giving a delay to the input
signal, a multiplier for simulating sound reflection, and a
filter for affording a tone color. An exciting signal is
injected at the interconnection of the parallel connection

through a junction circuit. (Figure 1) -
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conprising a third bidirectional transm ssion neans for transnmitting an
el ectrical signal in both directions, connected between-said exciting
means and said junction neans. 10. A tone signal synthesizer according
to claim9, wherein said third bidirectional transm ssion neans incl udes

| atti ce shaped junctions. 26 1/8
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11. . A tone signal synthesizer according to claim1l, wherein said
exciting neans includes a filter having a cut-off frequency and a
selectivity, and receiving an input signal expressing a pressure and
gi ving predeterm ned characteristics to the input signal to sinulate

response characteristics of a reed. 2)8. A tone signal synthesizer
according to claim1ll, wherein said exciting nmeans further includes an
adder for adding an enbouchure signal to the input signal. 13. A tone

si gnal synthesizer according to claim1l, wherein

FIG.4

=]
;. ety
2N
s
FIG.S
Si F;
L A
| s
-"X| 1 L.

M2 N

REPLACEMENT SHEEY
12 MAR 99/ | - FIG. 8

=t W S, semmd




b

sai d exciting neans further includes a first non-linear circuit for
‘affording a non-linear input-output characteristics to an output fromsaid
filter. 14. A tone signal synthesizer according to claim 13, wherein
said exciting neans further includes a second non-linear circuit for
receiving the input and affording a segggd non-linear saturating

| nput - out put characteristics thereto, amd-a fourth nmultiplier for

mul ti plying output of said first and second non- linear circuits.

FIG.9
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15. - A tone signal synthesizer sinulating a tone generation nechanism of
a.w nd instrunent having a conical resonance tube by approximting the
coni cal resonance tube with two cylindrical resonance tubes, the

synt hesi zer conpri sing: first bidirectional transm ssion
means, sinulating one of the two cylinglfgcal resonance tubes, for
recei ving and —_—
x .
[T >\ A W )\ __:
"-0."[>“ rn. el
- N .._1 —
, ' | =
x| .
(=] (=]
) )
]
W X |
x -
] 3]
F Y
! .
L + N J
- | &
c
O i
(&)
4 :
‘ !
o 4 o
: sl 48
O - |
— >
T =15
5
()
o
X
I
o
g 1 o
L el
REPLACEMENT SHEET ' + J
o |%
12 MAR 1997 (mhe o
(=)

EXCITE




reflecting a first electrical signal, having a first input, a first
Qutput, and a first delay el enent connected between said first input and
said first output; second bidirectional transm ssion neans,

sinmulating the other of the two cylindrical resonance tubes, for receiving

and reflecting a second el ectrical signgl, having a second input, a
second output, and a second del ay el etem connected between said second

i nput and said second out put; exci ting neans, sinulating a
nmout hpi ece of the wind instrunent for generating an exciting electrical
si gnal ; control neans, for geneggt' 'CfEtrO| si gnal s which
control the first and second transm ssi L@gns nd said
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i
exciting neans; and junction neans, coupling said fi rst and second'
tgansm ssion nmeans and said exciting means, for combining-—sieng R [T

therefrom and inputting the conbined signals thereinto ijRES A JL

the control signals so that the first and second bidirecgiphal

transm ssion means sinulate the two cygligndrical resonancg | ubgg MAR 1997
corresponding to the conical resonance Tube. 16. one si gnal

synt hesi zer according to claim 15, wherein said first bi LaetruTTal
transm ssion neans further includes a
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first reflection nultiplier for nultiplying a

C.oeff|C| ent to said first electrical signal and said secoflwDl,

first reflectlon

£ransmi ssion neans further includes a second reflection 3 o 53 i O
mul tiplying a second reflection coefficient to said second el ectri cal
si gnal . 7/8 : 12 MAR %91
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WIND TYPE TONE SYNTHESIZER
ABSTRACT

An acoustic wind instrument having a conical tube is
simulated by two cylindrical tubes communicated to each other at
each one end. A parallel connection of electrical signal
transmission lines, each simulating a cylindrical tube
constitute a synthesizer synthesizing the sound of the conical
acoustic wind instrument. Each signal transmission line
includes a shift register for giving a delay to the input
signal, a multiplier for simulating sound reflection, and a -
filter for affording a tone color. An exciting signal is
injected at the interconnection of the parallel connection

through a junction circuit. (Figure 1) -




