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WIND TYPE TONE SYNTHESIZER '

BACKGROUND OF THE INVENTION | ‘ '; S

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 in general 'is considered

equivalent to a number of c¢ylindrical short resonance tubes
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having different diametlers énd'connected.in series 1in the order
of_thé-magnitude of the diameter. ansequéntly, a conipal ;ubé
is usually simﬁlated by a resonance circuit comprising a
plurality of wave-guides aqd Junctions cascading the wavé—guides
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 combinatiog 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 the 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.

In order to simulate a conical resonance tube by a

digital signal processor (DSP) executing a certain program in“j“““"“'“

Place of an electronic clrcuit comprising a number of
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trénsmission circuits as described above, the amount-of

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 comprleing 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 generating iechanism 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 the. tone 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 whicﬁ 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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Figure 1 15 a block dliagram showifg a configuration of a
tone synthesiier according to an embodimcnt of the invention; .

Figure 2 is a longitudinal\sectional 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 Fig. 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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the exciting circuit to be used inlthe structure of Fig. 10;

Figure 12 is a block diagram showing a configuration of
é single reed musical instrument according to an embodimcnt_of
the invention: |

Fiéure 13 is a block diagram showing a configuration of
a single reed musical instrumeht according to another émbddimenf
cf'the invention; | |

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 t§ an embodiment of_the invention: and

Figures 17 ro 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

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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waveguide W1 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 2land the waveguides W1 and W2. The control circuit.G
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 éach oﬁher to
simulate an input acoustic impedance of a conical resonance
tube, each simuiating an.Impedance obtained by analytically
decomposing the acousticlimpedance of an acouslic resonance
tube.
To.help understanding of fhe invention, ana1y£ic

decomposition of 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 sound(em/sec), length of the throat
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of the conical tube (cm), the length of'the conical tube (cm)
and cfoss-sectional area of the conical tube at the location of
the minimum diametler, respectively. Symbol k represents wave
number (rad/cm) and is expressed';s_k=2u/x, whcrcin 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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an input acbustic impedahce of a ¢ylindrical tube having a
constant diameter and an open end. -C&nscduéntly. it is
cdncluded'that the conical resonance tube depicted in Eig;z is
equivalent to_a-cyliﬁdricai resonénée tube in Fig. 3, of Which
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 ilwmpedance Zx can be also simulated, from the cquation (5), .

. by agp input acoustic impedance of a cylindrical resonance tubc
This Sheet Has Been R, -8~
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with a cross-sectional area_S and a lengthwi. Conscquently. Lhe
conical tube in Fig. 2 is equivalent to Lhe resonance Lube model
shown in Fig. 4 by applying'the approximation of equation (5) to
the throat portion. As shown in Flg. 4. the inértance member M-
of the reéoﬁance tube in Fig. 3 is replaced by.a cyllindrical
tube with a length X by the approximation by equation (5). |

The acoustic instrument with a conical tube shown 1in
Fig. 2 is equivalent to a wipd instrument comprising two
cylindrical tubes each of which has a cross-sectional area S and
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
cylindrical tube with a length X, as indicatéd by an arrow P.

The syntheslzef 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
W1 and Qz of Fig. 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 be.changéd cbﬁﬁidubusly~bymm%m

controlling the parameters of a waveguide or waveguides.
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Specifically.'the deléy length of_the wavegﬁide #%1, which
corresponds to a_cylindricéi tube of length L, may be varied in.
correspondence to the length L or the desired tone pitch.

When the length X q; the throat of the conical tube is
considerably long so that the approximatibn 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
——n——---~_‘~_*;_“__ . _
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order to faithfully generate similar musical sounds as generated

by such a conical resonance tube as shown in Fig. 2. it is
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 che.wavefguide.-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 corresponds to a correspond;ng rcsonance tube model
shown in Figs. 3 to §, respeciively. These acoustic wind
insfruments'can more closely simulate acoustic wind
instruments, due to the provisién ofua 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 dliagram of a tone synthesizer for simulating
wind instruments as depiCteﬁ'in Figs. 7 and 8 is shown in Fig.
g, which 1s a moré“déégliééigléék”diaéfamfbf”a”toné';ynchesizér

than that of Fig. 1. The value Of a parameter or parameters of
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each componeunt in the circuit is determined dépending on a wind
instrument model to be simulated.

The waveguide Wi, correspgnding to the first cylindrical
tube with a length L in Figs. 7 and 8, comprises a delay circuit
4 for simulating a time required for a sound signal to
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 shi-ft register having.a number of the -staées equ-él 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 W1, a deJay
c.i.z:(:l:lil..'f, a low-pass filter 8, and a multitiplier 8 with a |
multlplicatlon factor 7 x. The number of the cascaded slages of
a shift register constltuting the delay circuit 7 is egqual to
TFs2X/c or Fs2X1/¢, corrcsponding to the second cylindrical t_ubc
in_?;g..7 or Fig. 8, rcspectively. in cése of the latter,
however, the numbér is more breferably 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 W1 and w2 w1fh

multiplication factors a,, ar and ax, rcspectivelY-
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In case of the tone synthesizer simulsting the wind
instrument model in Fig. 7, the multiplication factors a.. a.

and ax of Fig. 9 are determined as,

ay = 2S0/(S0+28) - (8

av = 25/($0+28) | | cee. (9)
and |

dx = ar ) PR (1@)

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

determined as,

2S0/({So+5+S1) = 280/(So0+S+(X1/X)S) -+ (1)

ly =
2 ar = 25/(50+5+(X1/X)S) co. (12)
ar = 2(X1/X)S/(So+S+(X1/X)S) . (13)

In order to accuratecly simulate pressu;e'changs,
propagation &Aﬁséd 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 W@ is insertea between Lhe

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

fTT
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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
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control circulit 3 as shown in Fig. 1 to change the cut-off

frequerncy fc and selectivity Q thereof.

The output of the filter 106 is multiplied in fhe
multiplier 108 by a gain G, and then is fed to the adder 169, in
which an embouchure sigﬁal E corresponding to. the fbrce 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 110
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
;eed. The output of the multiplier 111 is further multiplied in

the multiplicr 112 by a value Z corresponding to the impedance

' against the air—flow in the mouthpiece. The output of the

multiplier 112, which is a signal corresponding to pressure
change occurfing in the mouthpiecé, 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 udded; .— |

Now, an embodiment of a synthesizer for synthesizing a

_tonc 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 c¢orresponding Lo a
-
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mouthpiece to a very low value. The wave-~guide comprises, in
Plaéé of wave-guide W@ partly shown in Fig. 11. dual-direction
transﬁission 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
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such an embodiment in which 1 sampling period delay circuit 206
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
-17- ' This Sheet Has Been R
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and

do = Qi+Z. : o ... (18)

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

output qo_of the synthesizer,

Qo = (QoLGL*Qoxdx"'Zz)/(zf;’Iz)

.= (QOLGL*QOK‘!X'*Z:E.)/(GL*'.dx) EEEE (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 multiplication
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.

This Sheet Has Been RTlaced
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The embodiments described above relate to tone

synthesizers synthesizing musical tones by way of electronic

"circuits or & 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 invention. -Figsf_IT to 22 show
embodiments.of acoustic wind insLtuments according to the
invention. These wind instruments are devised by applying the
aone-mentioned analysis for traﬁsforming,an.acouétié wind
instrument such as shdwn in Fig. 18 compriéing a conical tube
361 and a mouthpiece 302 éttéched to a small diameter cnd of the
conical tube. N B |

A wind 1nstfumeﬁt according to an embodiment of the

invention shown in Fig, 17 comprises a mouthpiece elemeni or

- mouthpiece member 302.'a tube member 323 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 fng.othér end éf the tube member 303;
The inertance element 304 has inertaﬁce M as explained will
reference to Fig. 8. -Tﬁé inertial mass m of the inertance
elcment is obtained as m=a-S-X, ‘when assumed that 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 " This embodlment-of-the wind

instrument can generate a musical tone equivalent to the musical
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tone generated by a wind instrument with a conical tube shown in
Fig. 16. Besides. 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
mouthﬁiece member 302 or the tube member_aoa.

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 382 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
'_ié possible to adopt a hole 308 with a 1arge diameter 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 openir.lg'.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
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another slide-tube 308 slldably Lelescoped into the boss 307.
This embodiment can generate change of tone pitch similar to

that obtained by changing rhe throat 1ength X of the conical

tube.

A wind instrument shown in Fig. 2@ according to etill
another embodlment of the 1nvention comprlses in'additlon to the
constituent elements of the jnstrument 3$ shown in Figs. 17 to
19. a plura1ity of holes at the tube mcmber 303, O which
register tubeq ( air-tubes y RT1 ~ RIK are connectcd for
Selecting resonance mode. 1O this embodlment those pértidns

not shown in the drawing are gimilar tO the correspondlng parts

of the cmbodiments shown 1ip Figs- 17 to 19. The register tube

RT1 disposcd near the mouthpiece ‘element 18 related to high
pitch tone and the_reglsLer tube RTk dispoeed far from Lhe

meuthpiece element is related tO 1ow pitch tone. 1n this

: embodiment. operation.of closing or opcning the reglster tubes

'RTl ~ RTK enables (O change resonance node which oLherwise

would be detormined by the effective 1ength of_the tube member
3p3 and the slide-tube 395, so that the tone pitch range can be
widened during performance.
A wind 1nstrument shown in Fig. 21 according to still
another emhodlment of the invention emplOyS: in place of the

slide-tube 305 of above cmbodlments shown in Flgs. 17 to 2@,

 another slide- -tube 409, the open end of which is divergingly

tapered. ‘with this embodlment,_the cmission characterlstics of

the tomnc can be jmproved.

D
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"The last embodiment of the wind instrument shown ip
Fig.22 employs. in place of the tube member 3903 and the slide
~tube 305 in the embodiments shown in Figs. 17 To 19, a
c¢ylindrical tube 3198 formed with'registe; tubes‘RT1.~' RTKk and a
plyrality of anolher air holes called ag-tone holes k1 ~ km
?- formed thereon.

Although cach of wind'instruments and tone synthesizers
described above cén be constructed to generate a tone simi;ar to
the Lone generated by a conventional wiﬁd ;nstruméht with a
conjcal tﬁbe. 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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What is claimed is:

ll ‘A tone signal synthesizer 9omprising:

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
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and outputting combined outputs-and interface means for
connecting and adjusting signal transfer between the combining

mcans and respective one of said first and second transmission

means and said exciting means.

3. A tone signal.sjntnesizer according to claim 1, whereln
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-a second

ref1ection'mu1t1plier for multiplying & second reflection

cocfficient to said second electrical signal.

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

said Junction means includes a first multiplicr for mult1p1y1ng .
- a first multiplication’ factor to an output of said firsL

‘bidirectional transmission means and a second multiplier for

multiplying a second multiplication factor 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.
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6. A tone signal synthesizef according to.claim 4, wherein

said junétion means fTurther includes a first siénal 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 outﬁut of said second bidirecticonal

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 synthesizer according to ¢laim 3, wherein

said first delay elemcat is a shift register having a variable

~ number of stages controlled 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.

1@. A tone signal synthesizer accordiﬁg to claim 8, wherein

said third bid1rect;ona1 transmlsSLOn ‘means - 1ncludes lattice

shaped Junctlons
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11. "A tone signal éynthesizcr according igqclaim 1, wherein
said exciting_means_inciudes a filter naviﬁg a cut-off frequency
‘and - a seiectivity, and recciving 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 1l, 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 synthesizef according to claim 13, wherein
" said exéiting means furtler includes a second noﬁ-linear circuit

for receiving the input and affording a second non—liﬁear
-'saturatihg iﬁput—output charactcristics.thereto, and a fourth

multiplier for multiplying output of sai& 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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first bidirectional transmiséion means, simulating one of
the two cylindrical resonance tubes. for receiving aﬁd
reflecting a first electrical sigpal; having a first input, a-
first output. and # first delTay element connected between said’
first input and said first output; |

second bidirectional transmiésion means., simulating the'
other of the two cylindrical resonance tubes, for receiving and
reflecting a second e]ectriéal signal. having a second inputi, a
second qutpdt, and a second dela& element connected between said
secoﬂd input and said second.output;

exciting means, simulating a mouthpiece of the wind

“instrument for generating an exciting electrical signsal:

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
transmlission means and said exc1ting means, for combining
signals supplied theretrom and inputting the combined signals

thereinto in accordance with the control signals 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

sald first bidirectional transmission means further lacludes a

first reflection multiplier for multiplying a first reflection

1T
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cocfficlent to Sald 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.
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