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a)Field.or the Invention 

The present invention relat~s to a tone synthesizer for 

syriLhcsl2ing a tone of an acoustic musical f.nstrumcn't. 

b)Descrlption of the Related Art 

Such a tone synthesizer is known whicb electr1ca.Lly 

slmula~cs a mechanism for genera~ing a musical Lone in an 

acoustic musical instrument. A tone synLhesizer adapted for 

syntheslzlng a musical tone of a wlnd instrument. for example. 

c:owpriscs an exciting circuit for generat:ing a driving wavefo.rm 

signal corresponding to pressure change in a mouthpiece, and a 

resonance circuit simulatlng characteristics of' a resonance tube 

wnich responds to pressure change in the mouthpiece of the wind 

f nstrumcnt. A cylindrical resonance tube can be simulated by a 

transmission circuit called a wave-guide usually consllt..uted by 

a loop circuit which comprises a delay circuit and a "fill.er. 

The transmission circuit receives a drlvlng waveform signal from 

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

range after amplifying the signal and repeatedly c1rculat.lug the 

s lgna.J ·in the loop of the transmission circuit.. 

A wind instrurncnt such as a saxophone or a trumpet: has a 

conical resonance tube, which in general ·1s considered 

eq11ivalent to a. number o'f cyl:tndrical short resonance tubes 
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having different diamet.er.s and connected 1n series 1n the ~rdet· 

of the magnitude of the diame'ter. Consequently, a conical tube 

is usually simulated by a resona~ce 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 dlsclosed, for example, in Japanese Patent ~ublication Laid-

op€n Nos. Sho-63-40190 and Ilel-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 

mull:iI>lier for multiplying t:he input, which is usually large in 

s:i.ze. Thus. a conventional resonance circuit comprising a 

number of junctions for simµ,lating a wind acoustic inst't"ument 

with a conical resonance tube ls usually large ln size. 

In order to maintain a similar tone colpr at different 

t:one pitches. it is necessary to keep the shape of a flared or 

conical tube 1n stmilar shapes. For sfmu1at1ng such similar 

shapes, !t is necessary to control the coefficients of junctions 

representing cylindrical resonance tubes of different diameter 

in connection ·wi t.h the tone pitch {delay 1 ength). Thus. t:hc 

control becomes complicated and the circuit scale becomes 

larger.. 

In order to simulate a conical resonance t:ube by a 

digital signal proceRsor (DSP) executing a certain program i.n 

Place of an electronic circuit compristng a number of 
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transmission circuits as described above, the amount of 

processing per unit time the DSP· should handle becomes large. It 

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 ls to provide a tone 

synthesizer comprising an electronic circuit of a relatively 

compact size and adapted for simulating an ac<?ustic musical 

instrument having a diverging resonance·t.ube. 

Another objecL of this invention ls to provide a ton~ 

synthesizer which ~imulates tone gerterating ~e6hanlsm of a wind 

instrument by substltutlng.a conical tube with a pair of 

cy11ndricaJ tuh~s. thereby avoiding the necessity or con~rolling 

the cocfflclents of junctions in connection with the. ton~ ~itch 

for control ting the tone color. and enablJng scable tone color 

control wi ih little tone color var1atton only by co.ntrol 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 wh.lch the amount: of 

processing per unit time to he executed Is relatively small. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other object of the inventi.on will be more 

apparent from the following description. referrlng.xo the 

accompanying drawings in which: 
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Figure 1 1$ a block d lagra.m show.trig a configura'tlon <>"f a 

tone synthesizer according to an embodiment of the inveni:1on; 

Figure 2 is a longitudinal sectional view of a conical 

tube io be simulated; 

Figure 3 ls a longltudinal sectional view of a 

cy.1.1ndr1.cal t.ube m~dcl equivalent to the conical tube of Flg. 2; 

Fi.gure 4 is a longitudinal sectional view of ano-chcr 

cylindrical tube model. equivalen't to the conical tube of Ff.g. 2; 

Figure 5 ls a longitudinal sectional view of still 

ano'thcr cylindrical tube model equivalent to the conical tube of 

Fig. 2; 

Figure S is a lo_ngitudinal secLlonal view of a wind 

instrument model in which the model of Fig. 3 is furi:her 

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 1s 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 

~one synthesizer according to an embod1menc of che invention; 

Figure 10 ls block diagram showing another_embodiment in 

which a propagation delay of air pressure wave in a mouthpiece 

is taken into account; 

Figure ll ts a block diagram sl}ow1ng a configuration of 
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the exciting circuit to be used in·t~e structure of fig. 10; 

Figure 12 is a block diagram showing a configurat:ion of 

a. single reed musical instrument according to an embodiment of 

the invention; 

Figure 13 i.s a block dlagram showing a confi.gurat.ion of 

a single reed musical instrument according to anoLher embodimeni 

of the invention~ 

Figure 14 is a block d I.a.gram showing a configuration of 

a single reed musical instrument according to.still another 

embodiment of the invention; 

1-'igure 15 is a block diagram showf ng a configuration of 

a single recd musical instrument according to still another 

embod lmen t. <>f t:he invention ; 

Figure 16 is a longitudinal sectional view of a wi~d 

ins'trument with a conical tube to be simulated by a wind 

instrument accordlng to an embodiment ot the invention; and 

Figures 17 co 22 each shows a longitudinal sectional 

view ol:" a wind instrument according to embodiments of the 

invention. 

DESCRIPTION OF TUE PREFERRED EMBODIMENTS 

Pi gur-e l ls a block diagram showl.ng a ba.si.c 

configuration of a tone synthesizer accordlng to an embodiment 

of the invention~ In Fig~ 1. the t.one synt.hesizer comprises an 

e~citiri~ circu1t·1 for simulating a mouth~ie~~ df a wind 

acoustic instrum~nt. a junction 2. a flrsL and a second 
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·waveguide Wl and W2 adapted for simulating characteristics of a 

resonance tube fed with the output signal or the excitln~ 

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 Wl and W2. The control circuit. 3 

includes a pitch information supt>lY which controls the resonance 

pitch of at least one of Lhe waveguides Wl and W2 in response to 

a tone pitch designat.cd by a player. ror example. in a keyboard. 

I 
The wave-guides Wl and W2 are coupled wt"tb each at.her t:o 

i. simulate an input acoustic impedance of a conical reso.nancc 
I 
i tube, each simulating an impedance obtained by a~alytically 

I 
decomposing ~he acoustic lmpcdance of an acoustic resonanc$ 

t:ube. 

To help undcrstand~ng of the invention, analytic 

\ decomposition of an acoustic wind instrument will be described 

first. 

The input acoustic impedanc:e z of a conical tube of a 

wind acoustic instrument depicted in Fig. 2 can be expressed by 

the following equation. 

Z = J·p·c·k·X·s!n(k·L)/<S(sln(k·L)+k·X·cos(k·L)> 

= 1/<S/(j·p·c·k·X)+S/(j·p·c~tan(k·LJ> .. . . ( 1) 
··:----· 

wherein the symbols p, c. X. L. and s represent density of the 

medium (g/cm3 ), velocity of sound(cm/sec). length of the throat 

.; 

_._:::~/h -
I 

I 
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of the conical tube (cm). the length of the conical tube (cm) 

and cross-sectional area of the conical tube at the location of 

t.11e minimum dil:lllleler. respectively. Symbol k l"eprcsents wave 

number (rad/cm) a~d is expressed as k=21r/A, wbcrc1n >. is the 

wave-length of sound. 

The first and the second terms appearing in the 

dcdom1na~or in cq~ation (1) arc rewritten as. 

Zx e j·p·c·k·X/S 

= j-~·p·S·X/52 = j·~·m/S2 = j·~·M • . • • ( 2) 

Zt.· = (j · p-c·tan(k·l.))/S . . .. • .. (3) 

wherein w represents angular frequency (rad/sec) of sound and ls 

expressed as ~=c•k. Then the following equation is obtained: 

1/Z = 1/Zx•l/ZL .... (4) 

From· above equation ( 4). 1 t f.s understood that· the 

input acoustic impedance l of a con1cal tube 1s cqu1valcnt to 

the impedances Zx.and ZL connect.ed in parallel t.o each other. 

The 1mpedance Zx can be simulated by an inertance M expressed as 

Mep·X/S(g/cm4). Because an input impedance Zi at the 

·transmission end of a transmission llne having loss-less 

parallel lines. when short-circuited at the ~eceiving end. is 

expressed as Zi=j·tan(k·L), the impedance ZL can be simulated by 
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an input acoustic impedance of a cylindrical tube having a 

constant diameter and an op~n end. Conscquen~ly. it is 

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 f nertance 

member with 1nertance M, the resonance tube having a cross-

secttonal area S and a length L. The breath of a perfor.me~ is 

1n.fccted Into the junction as lndlcated by an arrow P between 

the ine~taoce member M and the cylindrical tube. 

When a conical "tube, i.e. the so-called bugle. is 

substitu~ed by a pair of cylindrical tubes. the control of the 

tone pitch can be made imply Lhrough the control of' delay 

amount. 1.e. the amount: of delay correspondi.ng to the tube 

length 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 interrelated manne~ for 

supprcss.i ng the tone col or change upon change of the tone p1 tc:h. 

Tf the length of the throa"t X of the conical tube in 

Fig. 2 is short enough, then the impedance Zx ln equation {4) 

can be approximated with the following equation, 

Zx ~ (j·p·c-tan(k·X))/S ' • • • ( 5) 

The impedance Zx. can be also simulated, from the equation (5) •.. 

by an input acous'tic impedance of a cyl1ndr1c:a.l C"esonance tube 
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with a cross-sectional area S and a length L. Consequently. Lhe 

conical tube in Fig. 2 ls equivalent. to the reso~ance Lube model 

shown in Fig. 4 by applying the a~proximation of equation (5) to 

the throat portion. As shown in Fig. 4. the l.ner.tance member M· 

of the resonance tube in Fig. 3 is replaced by a cyllndrica] 

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

The acoustic instrument with a conical tube shown in 

. Fig. 2 is equjvalent co a wind instrument comprising two 

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

lengths X and L respectively. Therefore, a conclusion is 

obtained that the acoustic instrument with a conical tube ls 

simulated by a tone synthesizer which simulates the wind 

instrument shown 1n Fig. 4. In c:ase of the resonance tube model 

of Fig. 4. the breath of a performer is 1nje~ted into che 

Junc:i:ion between a cylindrical 'tube with a Jengt:h L and a 

·cy] indrica 1 tube with a length X. as indicated by an arrow P. 

The syntheslzer shown ln Fig. 1 is adapted ·to simulate 

the resonance tube model. in Fig. 4 and a resonance tube model 

shown in Fig. 5 which w.ill be described lal:er. The waveguides 

Wl and w2 of F.ig. 1 correspond to cylindrical tubes with a 

length L and a length"X, as shown in Fig. 4. Tn case of the 

resonance tube model in Fig. 4. the resonance frequency can be 

changed by chan~ing the 1enJth L. Consequen~ly, also in case of 

the syOthesizer 1n Fig. 1, whlch simulates the resonance tube 

model in J:':lg. 4. tbc tone pitch can be changed cori_tirit1ous.ty·by·-

cout;rol.l.i.z:ig the parameters of a waveguide or waveguides. 
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Specifically, ~he delay length of the waVeiU1de Wl. whtch 

corresponds to a cylindrical Lube 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 approximation with the above 

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

. applied. The cross-sectionaJ. area S and the length X lr1 

equut.ion (2) are substituted by parameters S.l and Xl whjch 

satisfy X/Xl;;S/Sl and kX<kl. By this substitution. the 

following equation ls obtained: 

(6) 

Since k·xl is smaller than 1 tn equatiori (6), the equation (6) 

can be approximated by the following equation. 

Z><::: (j·p·c·tan(k·Xll)/Sl • • .. ( 7) 

Fig. 5 shows the structure of a resonance tube model as 

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 upproximated by a cylindrical tube wjth a 

cross-sectional area Sl and a length Xl ln Fig. 5. according to 

the approximation of impedance Zx.· In order.to .obtain an 

accural:e approximation according to the--·_-e<i~:atlon·c-1>. -it--is 

desirable to select k·Xl as small as possible. Consequeni:ly, in 
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order to faithfully gcner,te simil~r musical sounds as generated 

by such a conical resonance tube as shown in Fig. 2. it ls 

desirable to select the length Xl of the resonance lube model 
. . 

shown in Fig. s·a~ ~hort as possible. For realizing this 

condi'tlon. the time required· for one circulatlon of t:he signal 

in the.wave-guide. i.e. the delay time con:-espond1ng to the 

length Xl. is seJected as short as possible. When the wave-

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

number o·r cascaded stages in a delay element cons ti "tuted by • 

for example. a shift register inserted in "the waveguide 1.s 

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 ~ conical 

tube. 

Figs. G to 8 each shows all acoust:ic wind jnstrumenl 

according to an embodiment or the invention. £ach wind 

instrument corresponds to a c.orrespond~ng resonance tube model 

shown iri Figs. ~ to 5, respectively. These acoustic wind 

instruments can more closely simulate acoustic wind 
·. 

1nstrumen~s. due to the provision of a mouLhplece with a cross-

sectional area So at the Junction between a cylindrical tube and 

an inertance member or between two cylindrical tubes. 

A block diagram of a tone synthesizer for simulating 

wind instruments as depleted· i.n Fi gs. 7 and 8 1 s shown in Fig. 

9. which is a. more dei:a-1 led block diagram ()f ·ci tone synthesb:er 

than that of Fig. 1. The value of a parameter or parameters of 
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each component in the circult is determined depending on a. wind 

instrument model to be simulated. 

The waveguide Wl, corresp~nd1ng to the firs~ cylindrical 

t:ube with a length L in Figs. 7 and 8, comprises a delay circuit 

4 tor simulating a time required for a sound signal to 

reciprocate in the wind instrument. a low-pass filter 5 for· 

simulating acoustic loss in the cylindrical tube, and a 

multiplier 6 with 1nultip11cat1011 factor: 1 r_ fo1· simulating soun4 

reflection at the tube end. The delay circuit 4 Js constltuted 

by a shf ft register having a number of the stages equal to 

Fs2L/c and driven by a clock signal with a constant angular 

frequency Fs. 

The waveguide W2 corresponding to the second cY11ndrical 

tube with a length X in Fig~ 7 or a length Xl ln Fig. 8 

comprises, as in the case of the first waveguide Wl, a delay 

ci(cuiL 7. a low-pass filter 8, and a multiplier S w1~h a 

multiplication factor 7 x· The number of the cascaded st.ages of 

a shift register constituting the delay circuit 7 is equal to 

Fs2X/c or Fs2Xl/c. corresponding to the second. cyllndrlcal tube 

in Flg. 7 or Fig. 8, respectively. In case of the latter. 

however, the number is more preferably selected at 1. 

The junctio?l 2 ls insert.ed between the exciting circuit 

1 and the waveguides Wl and W2, and comprises output multiplier 

·21, 22 and 23 each of which multiplies the signal transmitted 

from.th~ exciting clrcult t, waveguides Wl and W2 w1th 

multiplication factors a~, aL and ax. respectively. 

-12-
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In case of the tone synthesizer simulating the wind 

instrument model in Flg. 7, the mult1p11cat1on factors a,, aL 

and ax of Fig. 9 are determined a~. 

a1 = 2So/(So-r2S) (8) 

a:t.. .= 25/ ( So-r2S) ·-·· (9} 

a.nd 

(10) 

In case of the tone synthesizer simulat1ng the wind 1nstrument 

model in Flg. 8. the multiplication factors a •. aL and ax are· 

de"tcrmined as, 

ni = 2So/(So~S+Sl) = 2So/(So+S+(Xl/X)S) (11) 

aL = 25/(So+S+(Xl/X)S) . . . ( 12) 

at.. = 2(Xt/X)S/(So+S+(Xl/XJS} • • . (J 3) 

In order to accurately simulate pressure change 

propagat1oTI 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 tllird waveguide W0 is jnserted between the 

exciting circuit 1 and the junction 2. and comprises a plurdl!tY 

-13-
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of' comhinRtion,;, P.M:h incluCl.ing a delay clrculL and CL 4-

mulLlplication-lattice junction. 
-

Now, the confieurat.ion nf r.he exciting circuit 1 w111 be 

descrlbed wJi:h reference tu Fl1S- 11. The exciting circuit: 

comprises non-Jinoar circui.Cs 107 and 110, filt.P.1"$; 105 and HHS. 

a subtracter 104. adders 103 and 109, mulL111.ll1:11·s 108, 111 and 

ll2. The signal 'from the wave-guide W0 is fgd to one of tht!.' 

jnputs of the anc'lP.r 101. and also to one of t:ne· 1npu"ts or l.lle 

adder 103 tlu-vu.gll the multiplier 102 where t:hc Gignal is 

doubled. The output of the $.!c'lrh~r 10~. which is a signal 

corrcspondtng co alr vllJrat.lon to be fed-back to the reed in tho 

mouthpiece of tho wind instrument, is inpu l t~d to t:hA i:mhtracter 

1 &M. The si smal .P corres"Dondlng to r.he b1.ow1uv; ~ni=:;sure by the 

performer is subtracted in ~he nubtractor 10~ from the output dt 

Tlu:: vutput of the subtracter;- 104. which lo 3. signal 

eorrespondtng to the pressure in thP. mouthpiece ts fed to Lhe 

phase correc"Cing tilter 105. 111 which high frequency components 

in the signa.l a.re dnmpcd. The output 0£ the fil tcr 105 i~ 

inputted to thP..filter UHL which ls usually const.iLut.~u of a 

low-va~~ filter and slmulate9 response char3ctoristics of 'the 

ro<::1d t"esponsive t:o r:irei;:~nrP. ~hR.Tig"f'?!; f n tlle mouthpiece. The 

output. or l.he filLti1· 105 is also fed to the· non linco..r circui't 

1~7 which simulatcas satutati on character !sties of 1.hc~ f'1 ow rate 

of the alr-tlow ln I.lie wouLhplcc~ wl t.li t·esp'cct to the air 

pr;-essurc ln the mouthpiece. The filter 106 is controlled hy 1.hn 

-14-. 
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control circuit 3 as shown in Fig. 1 to change the cut-off 

frequency fc and selectivity Q thereof. 

The output of the filter ~06 is.multiplied in the 

multiplier .108 by a ga1.n G. and then is fed to the adder 109, in 

which an embouchut'e signal E corresponding to. the force applied 

to the mouthpiece by. a performer ls added to the output of the 

multiplier 108. The output of the adder 109, which ts a signal 

corresponding to the pressure applied to the reed. ls 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-llnear c1rcu1Ls 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 

t:he alr passing through 'the gap between the mouthpiece and the 

reed. The crnt:put of the mul L iplier 111 is fur'ther multi plied in 

the multiplier 112 by a value Z corresponding to the impedance 

againsL ~he air-flow in ~he mouthpiece. The output of the 

multiplier 112, which is a signal corresponding to pressure 
. 

cha~ge occurring 1n the mouthpiece, is fed-back t:o the other 

input of the adder 103 and also transml tted to the wave-gu1.de W0 

"thr<>ugh "the adder 101 where the above-mentioned output of the 

wave-guide W0 is udded. 

Now. an embodimenL of a synthesizer for synthesizing a 

tone of a single-reed acoustic instrument will be descr.ibed. 

The model for a single-reed acous~lc instrument is construc~ed 

by reducing ~he delay time in ~he wave-~uide corresponding to a 

-15-
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mouthpiece to a very low value. The wave-guide comprises. in 

place of wave-guide W0 partly shown in Fig. 11. dual-direction 

transfuission circuit W0' comprising 1. sampling period delay 

circuit 200 inserted in one of the parallel lines. The 

configuration of the waveguides Wl and.W2 are the same as those 

in Figs. 9 and 10. 

The output 7.~ of the exciting circuit l ls fed an adder 

103 on one hand and to an adder 101 to be added with signal q1 

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 ~ subtracter 24 as a 

subtrahe·nd and also to a multiplier 21. in which the output is 

muJtipl.lcd by ci 1 • The output of the mul'Ciplier 21 is inputted 

to an adder 27. the ou.tput Q.,t' of which in turn ·is fed to the 

waveguides Wl and W2. The output Q.; is further fed to the 

sub'tractcr 24 as a minuend. ·rhe output: of of the subtracter 24 

ts in turn fed to the other Input of the adder 101 and t:o the 

mu] i: 1 pl tcr 102. '£he output q1, doubled 1n the mul tipler 102. is 

fed to the adder 103, which feeds back the output to the 

exciting clrcult 1. Since ~he loop circuit includes 1 sampljng 

period delay ~ircuit 200, the transmJss1on c1rcu1t wo· will pot 

n.ct a:s a delay-free loop. 

ln order to· faithfully simulate behavior of the single-· 

reed acoustic instrument, however. it is desic-able that 1 

sampling per.i.od delay circui "t 200 is not included, and yet that· 

the delay -free loop is avoided ln the circuit. Fig. 13 shows· 

-16-



such an embodimen~ in which 1 sampling period delay circui~ 200 

is omitted from the circuit shown in Fig. 12. In Fig. 13, there 

is shown an embod1men~ 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+a~) !s disposed between the adder 101 and the multiplier 

21. 

The embodiment shown in Fig. 13 does not ·comprJ.se a 

delay loop, but operates, as described herel.nafter. equivalently 

to a circuit in which l sampling period delay loop 200 is 

om!t~ed from the embodiment shown in Fig. 12. lf it is assumed 

t.hat t:here is not prov!d.ed 1 sampling period delay loop 200 in 

output of the excitini cir~ult 1, the output of chc adder 101. 

Lhe outputs of the subtracters 24. 25. the output of the 

mtiltiplier s. the output of the subtracter 26, and the output of 

the muJ.tlp]ier 9, respectively. Then, t.be following cquC:ltions 

hold. 

(14) 

(15) 

(16) 

(17) 

-17-
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and 

- - . ( 18) 

When above equations '(14). (15) and {18} are solved for the 

output qo of the synthesizer. 

..... { 19) 

The $ignal having the ~ame value as q 0 provided by the equation 

{19) is. theref'ore, generated as the output of the synthesizer. 

Consequently. 'the circuit of Fig. 13 opera-ces equivalently to 

the circuit in which 1 sampling period delay c:1rcuit 200 ts 

omitted from the circuit of Fig. 12. 

If it is possible to assume that the mu1 ti.plication 

factor a 1 of the multiplier 21 is equal to l~ then a tone 

synthesizer shown in Fig. 14 can be obtained by simplifying t.he 

tone synthesi~er in Fig. 13.· Further, if it is possible to 

assume that multiplication factor a1 of the mult;p1ier 21. ls 

cquai to 1 and the multipllcation factor of ~he multipliers 22 

and 23 are the same. i.e. ai.=ax exists. the circuit of Fig. 13 

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

In F1gs. 10 to JS, at least one of the exciting circuiL 

l, wave-guides Wl. W2, W0, W0' and the junction 2 may be 
.. ··-·-········· ···-··. 

replaced. by a USP equivalently operating the corresponcUng 

electronic circll1t functions by executing certain programs. 

-l.8-
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The embodiments described above relate to tone 

synthesizers synthesizing musical tones by way of electronic 

circuits or a digital signal processor executing certain 

programs. The present. Invention. however, does not limi.ted only 

to such tone synthesizers. but covers acoustic wind instruments 

obLained by transforming conventional acoustic wind instruments 

based on the principle of the. Invention. · F1.gs. 17 to 22 show 

embodiments of acoustic Wind instruments according to the 

invention. These wind instrumen£s are devised by applying the 

above-mentioned analysis for transforming.an acoustic wind 

instrument such as shown in Fig. 16 comprising; a conical tube 

301 and a mouthpiecc·302 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 elemenL or 

mouthpiece member 302, a tube member 303 mounting at one end 

thereof 2,ln inertance element or inertance member 304 adjacent to 

the mouthpiece elemenl 302, and a cylindrtcal Slide-tube 305 

slidably telescoped ln~o the other end of the tube member 303. 

The inertance element 304 has inertance Mas explained wit.b 

reference to Fig. 6. The inertial mass m or the inertance 

element is obtained as m==a:·S·X, ·when assumed that p (g/cm:;,). SC 

cm~). and X (cm} represent medium density, cross-sectional area 

of the conical tube at the end of ~inimum diameter, and the 

lengt:h or the throat· respeet1v:ely. ··· This· embodiment of the wind 

instrument can generate a m11sical tone equtvalent to the musical 

-19-
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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 smoothly 

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

It is possible to form both the mouthpiece elemer1t 302 

and the inertance element 304 in a unitary body with ~he ~ube 

member 303, or to form a mou'thpiece member 302 and a 1nertance 

member 304 separately from the tube member 303. In latter case, 

the inertance member 304 can be attached to ei"Cher the 

mou'thpiece member 302 or the 'tube member ~303. 

A wlnd instrument.shown in Fig. 18 according to another 

c~bod!mcnt of ~he invention is formed with, in place of the 

1ncrtance element 304, a hole at the mouthpiece member 302 near 

lhe Junction between the mouthpiece member 302 and the tube 

member 303, the hole 306 having an opening area Sl and· a height 

Xl. Values Sl and Xl are so determined that they sa~isfy the 

equation 51/S~Xl/X. In th~s embodiment. a·functlon similar to 

that of the embodiment in fig. 17 can be obtained. Further. it 

is possible to adopt a hole 306 with a larg~ diameter and to 

part:lY close the hole 306 with a finger durtng performance. ln 

this case. tone pitch can be changed with the change of the area 

of ~he effective opening of the hole 306. The configuration and 

t:he role of the· slide-tube 305 arc the same as the ones in Fig. 

17. 

A w1nd 1nstrument shown 1n Fig. 19 according t:o still 

nnothe~ embodiment of the lnvent16n comprises a cylindrical boss 

307 connected to i:he mouthpiece member :~02 in F1 g. 18 and 
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another slide-t:ube 308 slidably -telescoped into the b_oss 307. 

This embodiment can generate change of tone pitch s:f.m1lar to 

that obtained by changing the thr9at length X of the conical 

tube. 

A wind instrument shown in Fig. 20 according to still 

another embodlment of the .1nventlon comprises 1n add_i tion to the 

constituent elements of the instrument as shown in Figs. 17 to 

19. a plurali~y of holes at the tube member 303, to which 

register tubes ( air-tubes ) RTl ..... RTk are connected fo~ 

selecting resonance mode. ln this embodiment. those portions 

not shown in the drawing are similar to the corresponding parts 

of't.hc cmbodimen1:s shown iu Figs. 17 to 19. The register tube 

RTJ disposed near the ln.outhp i.ece element ls related to high 

pl Leh tone and the_ regisLdr tube RTk disposed far from the 

m_outhpi ace element Js related to low pitch tone. In this 

· embodiment. operation of closing or opening the register tubes 

RTl ..... R"fk enables to change resonance mode which ot.hcrwise 

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 inst~ument 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 Flgs. 17 to 20, 

ano~~er slide-tube 309, the open end of which ls dive~glngly 

tapered. With this embodiment. the emission characterlst1cs of 

the tone can be improved. 

-21-
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The last embodiment of the wind instl"ument shown in 

Fig.22 employs. in place of the tube member 303 and the sl!de 

tube 30.5 in the embodiments shown in Figs. 17 to 19. a 

cyl1ndr1ca1 tube 310 formed with register tubes. RTl - RTk and a 

pluraJity of another air holes called as ·tone holes kl - km 

formed. t:hereon. 

Although each of wind instruments and tone synthesizers 

described above can be constructed to generate a tone similar to 

the Lone generated by a conventional wind instrument wlth a 

conical tube. the present invention is not limited to only such 

configuration. It ts possible to const:ruct a wind Jnstrument or 

a tone synthesizer for generating an entirely new musical tone 

by way of ·free selection of Lhe length of the cylindrical tube. 

inartance of the incrtance elements or each.of the parameters. 

Slnce above embodiments are described only for examples. 

the. present invention is not limited only to !SUCh embodiments 

and.it will be obvious for Lhosc skilled in the art that various 

modiftcations or alterattons can be easllY made based on the 

above embodimenLs under the scope of the invention. 

-22-



·. 

I llllllnlllll 1111111111111111 
* C L M S * 

What ls claimed is: 

1. A tone signal synthesi?.er ~omprising: 

ff.rst bidirectional transm1$sion means for r"eceiving and 

reflecting a first electrical signal, having a first input. a 

first output. and a first delay clement connected between said 

first input and said first output; 

second bidirectional transmission means for receiving and 

reflecting a second electrical signal, having a secon~ input. a 

second output •. and a second delay.element connected between said 

second 1npu~ and sald second output; 

pitch 1nformat1on 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 elements; 

exciting means for generating an exc1t1ng elec~r1ca1 

signal; 

control means for generating control stgnals in response 

to a tone color of musical tone to be .synthesi~ed; and 

junc~ton means. coupling sald flrst and second 

transmission means and said exciting means. for combining 

s!guals supplied therefrom and inpu't'ting 'the combined signals 

there1nto in accordance with the control signals. 

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

sajd junction means Includes means for combining input signals 

-23-
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and outputting combined outputs and interface means for 

corinecting and adjusting signal t.ransfer 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 f'J.rst bidirectional transmission means further includes a 

firs't reflection multiplier for multiplying a first .reflection 

coefficient to said f1rst 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 mu1tlplicr for multiplying 

a first multiplication factor to an outpu~ of said firsL 

bi direct ionu.l t.raz1sm1ss1on means and a second mu] t:ipl ier for 

mult1plyjng a second multipl1cat1o~ factor to an output or said 

second bidirectional transmission means. 

5. A tone signal synthesizer according to claim 4. wherc1n 

said ju~ction means further includes a third multiplier for 

multiplying a third multiplication factor to an output of sald 

e'tciLing means. 

-24-
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6. A tone signal synthesizer according to claim 4, wherein 

satd junction means further includes a first signal path short-

circui ti11g the input and Ute outp~t of said first bl<lirectional 

transmisslon means and a second signal path for short-circuitfn~ 

the input and the output of said second bidirectional 

transmission means. 

7. A lone slgnal synthesizer according to c:lalm 6. where i ri 

said first transmiss.ion means includes a first low path f .i lter 

and second transmission means includes a second low path filter .. 

8. · A tone signal synthesizer accord.\ng to claim 3, wherein 

said first delay element ls a shift 'register having a variable 

number of stages controlled by sald controller and said second 

delay eJcment 1s a shift register having a fixed number of 

s~ages which is smaller than said variable number of stages. 

9. A Lone signal synthesl~er according lo claim 1. further 

compr istng a t.hl rd bidirectional transm1~~1011 means for 

transmitting an electrical signal in both directions, connected 

between said exciting means and said Junction means. 

10. A tone signal synthesiY-cr according to claim 9, where1n 

said third bidirectional transmis~io~ m~~n~ ·includes lattice 

shaped junctions. 

-25-
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11. A tone signal synthesizer according to claim l, wherein 

said exclt1ng means includes a filter having a cut-off frequency 

·and a selccti vt ty, and receiving 8:.n input. signal expressing a 

pressure and giving prede~crmined characterlstics to the input 

signal to simulate response characteristics of a reed. 

12. A tone signal synthesi:r.er according to claim 11. wherein 

said exci.Ling means further :includes an adder for adding an 

embouchure signal 'to the input signal. 

13. A tone signal synthesizer according to clalm 11, wherein 

said exciting means further includes a first non-linear circuit 

for affording a non-linear 1nput~output characteristics to an 

outpu~ from said filter. 

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

said exciting means further includes a second non-linear circu1t 

for recei.ving the input and affording a second non-linear 

saturat.1ng input-output charac~tcristics thereto. and a fourtli 

multiplier "for multiplying out.pill: of sajd first and second non-

linear circuits. 

15. A tone signal synthesizer simulating a tone generat·1on 

mechanism of-a wind instrument having a conical-resonance tube 
• "••••••-•••• • oHO• ••• "'"'• - '• 

0 

······ 
~Y appro~1mating-tbe-conlcal resonance tube with tw~ cyllndr1cal 

resonance tubes. the synthesizer comprising: 
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first bidirectional transm1ss1on means, simulating one of 

the two cyllndrical resonance tubes. for receiving and 

reflect i.ng a first electrical sigpal. having a first inpu't. a 

first output. and a fir~t deray element: connected between said 

f lrst input and said first output; 

second bidlrectional transmission means. simulating the 

other of the two cylindrical resonance tubes, for receiving and 

reflecting a second electrical signal, having ti second input.. a 

second output, and a second delay elcmen'C connected between said 

second input and said second outpu't; 

exciting means. simulating a mouthpiece of the wind 

instrument for generating an exciting electrical signal: 

control means, for generating control signals which 

control tile first and second transmlssf on means and said 

cxc1't1ng means: and 

junction means, coupling said first and second 

trar1smlsston means and sa!d exciting means. for combining 

signals supplied therefrom and inputting the combined signals 

thcreinto in accordance with the control signals so tha't t:he 

first and second bidirectional transm1ssion means simulate the 

two cylindrical resonance tubes corresponding to the conical 

resonance t.ube . 

. - --i- .. ~--1~_· - . A ~one signal synihcsizer according to claim 15, where1n 

s~id flr~c bidlrectldnal transmis~ion means furLher lncludes a 

firsc reflection multiplier for ruulciplylng a first reflection 
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coefficient to said first electrical signal and said second 

bidirectional transmission means further includes a second 

j 
I 
I r 
I 
i 
I 

reflect:.lon mul t.iplier fo·r mul tiplyt ng a second rerlcction 

coeff1cien't 'to sald second eJ.ectrlcal signal. 
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