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Background of the Invention 

Field. of. the.· invention . . . 

. ~ . 

The present invention relates to electronic musical 

instruments, and more particularly, to electronic musical 

instruments capable of generating varied musical tones like those 

of acoustic (non-electronic) musical instruments • 

Prior Art 

Due to recent technological improvements, tone generators 

.. employed in electronic musical .. instruments have come to be 

capable of synthesizing.a wide·variety of musical tones. For. 

example, physical-modal ~one-generators which synthesize sounds 

of acoustic mus·ical instruments. are conventionallY known. Each 
. . . .... .,,:~-. .. •• :v..., • .- •. : .... ••• •.·· . . ~·.' •. , __ ;· .r. .·· .;-.~,· 

of the '·physical-modal tone-generators simulates the sound 

production mechanism of· a target acoustic musical instrument. 

Examples of ~he physical-modal tone-generators have been 

disclosed in Japanese Patent Application Laid-Open Publication 

.... ·, : .. 

, ... No·.:· 63-40199 and .US Patent No. 4, 984, 276 ~ , ..... ···· ..... 

. An example of conventional physical-~odal tone-generators . '_, 

! •• slmulatiiig the· sound ptod~ction mecfhanis~ of stringed" instruments :· .. ' · . ..:. .... 

·is shown in the block diagram of Fig. 19. In ·this figure, an. 

excitation signal generating circuit 1 includes a waveform memory · 

which stores excitation signal waveforms made up of a large 

number of frequency components, such as an impulse waveform. The 

excitation signal from the exci t.ation signal generating circuit 1 

is supplied to a_first input terminal of an adder 2. The output 

signal from the adder 2 is supplied to a delay circuit 3 which 
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simulates the delay of propagation of vibrating waves in a string 

;· · of the .target stringed ·instrument. 

~ .. . 
'i .. . 

The delayed output signal from the delay circuit 3 is· then 

. . suppl"ted to• a fflter ,jf" whicii. simlilates acoust:i.'cal iosses of. a ...... . 

vibrating string of the target stringed instrument. The output 

signal from the filter 4 is then supplied to a second input 

terminal of the adder 2. Elements 2 through 4 described above 

together form a closed loop. In addition to the delay circuit 3, 

the output signal from the adder 2 is supplied to a sound signal 

output terminal 5, whereby a signal circulating in the closed 

loop is output as a musical tone signal to be generated. With 

the conventional tone generator described above, when :the 

excitation sign.al output. from the excitation signal generating 

circuit 1 is supplied to the f fr.st input terminal of the adder 2, 

the supplied excitation signal begins to circulate in the closed 
: ·~ •. ,";.'~~·~· .::_::,;.~:"'.. . . · "·'·: •• .· ~:-~ : . ~··;·. ' .••..... , ." .... _ ..... , .• _ • .- .. :r,. · .. >;_. .. · ..... , ...... 

loop. 'In .this case, the signal circulates around the closed loop 

once in the ·time which is equal to the period of oscillation of 

the vibrating string being simulated, and the band width of the 

signal is limited by the filter 4 each time the signal passes 

i. · ~·· through .the .. filter 4. Then, the signal circulating-. in the .. closed 
l. 

loop is delivered.as a musical tone signal from the musical.tone 

·~ r • ·output teroiiiiai s." ·',An ·e~ample of the above-desct'ibed ·type· of·. 

tone generator has been disclosed in Japanese Patent Publication 

No. 58..;.48109. 

In the above conventional electronic musical instrument 

comprising the above conventional tone generator, the variation 

of tone colors of the musical tones to be synthesized is limited 

and is a drawback in obtaining musical tone with a certain 

feeling of pitch and high quality, and in many cases where the· 
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pitch and the spectral construction-of the excitation signal. 

supplied to the closed loop must correspond to a pitch designated· 

by a performer. 
. . . 

By 'increasing "the °loop gafn of .tiie. closed Toop (·the filter··. 

with the comb-formed frequency characteristics), the comb-formed 

frequency characteristics of the entire closed loop for the 

signal circulating become sharper, so that the feeling of the 

pitch is improved. However, in this case, the stability of the 

operation of the ·closed loop decreases, and in the worst case, 

there is drawback in that the closed loop self-oscillates. 

Accordingly, there is a drawback in that the reliability of the 

system is degraded •. 

Summary of the Invention 

·· I:r:t .-consideration ·of< the ·above;--·=,·i·t .. is.,,an =objectJ..ve'>::-Ofi~·the =~:-.·.tii',J.•?,..i-_,.,,,.;·.~> .. " 

present invention to provide an electronic musical instrument 

which is capable of generating the musical tone with a great 

variety of spectral constructions under no influence of the kind 

of the waveform of the excitation signal and with a rich .·· 

variation of·-tone ·color -of :the ·musical· tone, ·and which is .capable··,;. ..,,,-, 

of· stable closed loop operation~ .·and which· is capable of .. :.:". ,, .. · ... . ·~ :. .. . .. .. .. . . .. . . . . . .. .. . .. . .. .. .. . •. ; . . .. 

constructing a system with high reliability. 

To satisfy·these objectives, the present invention provides 

an electronic musical ·instrument comprising an excitation signal 

generating means for generating an excitation signal in 

accordance with a musical tone designating information and a 

plurality of loop means for at least delaying an input signal in 

response to the musical tone designating information and 
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repeatedly circul~ting the signal, so that the ·excitation ·sign.al 

is supplied to at least one of the plurality of loop means; and 

coupling means for coupling the plurality of loop means in 

.. _ ll~~_ordan~e 'ri t~ ~- pred~~ermi~e~ ~oupliµJ fon1:1 •. \'!~er:e~~ a .si~~l ... ~ - . . .. · . . . 

circulated in at least one of the plurality of loop means is 

output as a musical tone signal. 

According to.such a structure, the plurality of loop means, 

which is coupled to each other in accordance with the 

predetermined coupling form, at least delays the supplied 

excitation sign.al in response to the musical tone -designating 

information to and repeatedly circulates the signal. The. sign.al 

. graqually ~~ges ~nto a sign.al having a ~esi~able waveform in 

response to the coupling form while circulating in the plurality 

of loop.means •. ~ccordingly, the sign.al circulated in one of any 

plurality of loop means is delivered as a musical tone signlil •. 

t:··-·.,"~ ··' ''· ,., .. , .. ,., ,..,.., .. .,..-... ,,,,. ·According' :,·to . the present· invention,· a positive -:eff ect, .. is · .-. .. ,.,.,, ... , . .;;.,,..;;-..;~f,.iifi~~ • 
. • ·:Jb ·, • 

'. ' 

that the musical tone can be generated with a great variety of 

spectral constructions under no influence of the· kind of the 

waveform of the excitation signal and with the rich variation of 
. . 

tone color of the musical tone. Furthermore, there is the 

•.. positive effect that a" system with high reliability can be··- ....... . ·~ . . . .. : ~· :· ...... . 

... ;·, ;- .. .. · .... 
.... . .. ·' 

··: Brief Explanation of the Drawings 

Fig. 1 shows a block diagram of the electrical structure of· 

an electronic musical instrument based on the pref erred 

embodiment of the present invention. 

Fig. 2 shows a block diagram of the electrical structure of 
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... 

Fig. 3 shows a block.diagram.of ·the electrical structure of 

a sign.al synthesis portion 21. 
. .. . . . 

... . . . .. . .... . . . . . .. . . 

Fig. 4 shows a block diagram of the electrical structure of 

a LOOP 42. 

Fig. 5 shows a block diagram of the electrical structure of 

a sign.al synthesis portion 49. 

Figs. 6 through 9 show block diagrams of examples of the 

algorithms constructed by the.LOOPs 421 through 424 • 

. . ." Fig •. iO shows an exam.Ple of· the· frequency· characteristics 

· · "'""" . ., ·corresponding· to the· block diagram of ··Fig •. · 9. 

Fig. 11 shows a block ·.diagr°am of ·other example of the 
' . . 

~--':~·:· ·-,..,. ......... : algori~~ constructed. by· the L~OPs -421'"' .. through 424 ., ....... , ... "···--~_.., ... J., -~-·· · : .................. , ..•. 
• ""#:J . • . • ' .; . . . ' .... . • • 

Fig. 12 shows an example of the frequency characteristics 

corresponding to each of the LOOPs 421 and 422 of Fig. 11 • 

.. :.;,,.~· .. ·· :. . . . -~ 

-~ Fig. 13 shows_ an example of the frequency . characteristics 
. . . ~~=-(~;:··,-:~·;;., .. · ...... ~~.. . . ,., • ···.. . . . . . - . . .. : .. ·' .,. ..· .. ·_"; . ,:· ... . 

! · corre.sponding to the block diagram of Fig. 11. 
: .. 

·'··· F1g:°14·'$hows a block diagtam·of.:.other_exampl:e. of.-the· :'. ·. 

algorithm constructed by the LOOPs 421 throu~h 424 • 

Fig. 15 shows an·example of the frequency characteristics 
. . 

corresponding to the block diagram of Fig. 14. 

Fig. 16 shows a block diagram of other example of the 

algorithm constructed by the LOOPs 421 through 424 . 
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Fig.· 17 shows an example of the .frequency. characteriSticS ~~.( ... ........ : .:·~:.·.·.:·>:~-~-:· 

corresponding to the bloc~ diagram of Fig. 16. 

Fig. 18 shows a block diagram of another electrical .{. 

struct1lre" of. the resonance· portion·· ur. .. 

Fig. 19 shows a block diagram of a structural example of the 

conventional physlcal-modal tone-generator simulating a stringed 

instrument. 

Detailed Description of the Preferred Embodiments ·.,._. 

Hereinafter. an explanation of the preferred embodiment of 

. the present invention is given with" reference. to the, f.'i"gures •. :,. ··' ,_. . . 

Fig. 1 shows a block ·diagram of the -structure ·.··Of-. an -electronic:,,;,.._;;,,;..;, . .-;~:···''·'~'''"' 

musical instrument in accordanc~ with the preferred embodiment of .... ·.· .. 

the present invention. In this. figure, manually operable . _. : . · <· .-
. ..; .. . • ·' .... .. ~;:._... ···!' "'·~·!:"" ... ··~· .. :: . 

performance members 6 such as a keyboard. manually operable· .-. ···-'":'''·'·' .,· .. 

members 7 for setting musical tone parameter deslgnating a 

musical tone parameter such as a tone color, and a control· 

portion 8 controlling all apparatus~~: are provided. .·.:~-·.,.. ··~ .... · ... ; .· . 

.. .. -Moreover. an excitation .signal. generating por~ion 9 is.:.._;;.:_~?-~~~:~~~;:~:,;;.;::·~,:,.::.:.::. 

provided which comprises a.~waveform generating portion 10 .. which,.:;'.·.:.:/·".'.~:: 

geri:erates ·a ·sigiial including a· rfcfl · ove·rtone- wi"th th~· required .~;,.,h:.~-,.-,,, \ ~ •;.-;._.::.; 

waveform based on data WAVE for designating the waveform of the 

generated signal, a key-on· signal KON for designating the · · ,.. . . ., ., .... ·· 

generating timing of the generated signal and a pitch data PITcH 

for designating the pitch of the generated signal from the 

control portion 8. The ~xcitation signal generating portion 9 

further comprises a noise signal generating portion 11 which 

generates a noise signal such as a white noise signal; each of 
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~ ·.. . . ·, ' ... 

-the filters 12 and 13 append the desired characteristics to the 

output signal from the waveform generating portion 10 and the 

noise signal generating portion 11 based on coefficient data FLT1 
. and: FLT2 from the contr~l ''portion ·s·, . respectively .. The output 

signal from·the filter 12 is supplied to a multiplier 14 which 

multiplies it by an amplitude control signal AMP1 from the 

control portion 8. The output signal from the filter 13 is 

supplied to a multiplier 15 which multiplies it by an amplitude 

control signal AMP2 from the control portion 8. Each of the 

output signals from the multipliers 14 and 15 are supplied to 

first and second terminals of an adder 16 which adds the former 

and the later arid delivers an excitation signal. · 

Furthermore; -the output.signal from the adder 16 of the 

excitation signal generating por~ion-9, namely the excitation 

signal, is supplied to. a_filte~ 17 which appends the desired 
... : . : .. ·.: ........ ;··~ .. ~.: ·.-.~· . . ·· .. :=· • .':.· •.· .· . ........... · ..... . 

characteristics to·:it based -on the coefficient data FLT3 from the·,;,._·>--_. 

control portion 8. The output signal from the filter 17 is 

supplied to a multiplier 18 which multiplies it by an amplitude 

control signal AMPs from the control portion 8. The output 

i·-: .. ..... ,! .. sign.al from the multiplier.18 .is:.supplied to a res~nance portion:/~:,·::,,_:,· 

: .: ; , · 19- which simulates· .~he resonance phenomenon of the non-electronic . . .. : . . 
,_ . 

.. · . 

. musical· instrmnent; ... , .. The "re"sonance portion· 19 ·appends the· desired ... , 

characteristics to the output signal from the multiplier 18 based 

on data ALG for designating the combinations (the connection 

forms, namely algorithms) of a plurality of resonance elements 

(loop circuits described below) forming the resonance portion 19. 

data MIX for designating the synthesis coefficient for 

synthesizing the output signals from each of the loop circuits, 

data DLYn (n=l through 4, etc.) corresponding to the delay period 
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of each of -the.loop circuits, the coefficient LPFn of low pass 

fil~ers (LPF) forming each of the loop circuits, the coefficient 

APFn of all pass filters (APF) forming each of the loop circuits, 

the coefficien~· HPFn °0f. hi~h ·pass filt~rs (HPF"). forming ~ach oi' ' . -

the loop circuits and loop gain LGn of each of the loop circuits, 

from the control portion 8. Thus, the resonance portion 19 

delivers output signals as the musical tone signals of each of 

the channels L and R. 

The coefficient data FLT1 through FLT3 and the amplitude 

control signals AMP1 through AMP3 may be constant or variable 

over time. Next, Fig. 2 shows a block diagram of the electrical 

· structure of the·. resonance portion 19. . In this figure, a 

resonance :elements ·eontrol portion 20 is provided .which ·· 

determines multiplicative coefficients m11 through·m14 • m21 

through m24 , •si_throug~·m34 , ~d m41 through m44 of .each of 
. . ..... : . . ··. • ·: .. :•r ;ii. .•• ·1. :·· • ·.·.;.; •• ._,.!'c:_.;.,.·. •: ~.·· . . ,.... .: •. . . ~ • . ·.·. • '• . . ·. •. . ·~ ., . •:-.·:. . • . . ; • • • •• . 

:· ....... multipliers 22 ·through 37 (see Fig. 3) in a signal synthesis · · 

portion 21 based-on the data ALG.from the control portion 8 and. 

delivers these to the multipliers 22 through 37. In Fig. 3, the 

multipliers.22, 26, 30, .and 34 multiply input signals; that is, 

~- · the :·output signal from -.the ·multiplier .18 shown in :fig. 1,: __ by_ ,.·:;".-~~· .. ~" ~ ... 
. . 
} . multiplicative coefficients m11 ~. m21 • m31 , and m41 ~. r_espectively_. 

" · "f ·· The·· mul t"ipliers 23 through 25 .multiply output signals . L02 through 

L04 from loop circuits 422 through 424 described below by 

·multiplicative coeffi~1ents·m12 through m14, respectively. An 

adder 38 adds the output signals from each.of the multipliers.22 

through 25 and delivers an output signal LI1 . The multipliers 27 

through 29 multiply output signals L01 , L03 , and L04 from· loop 

circuits 421 , 423 , and 424 described below by multiplicative 

coefficients m22 through m24 , respectively. 
~~~~~~~~~-

An adder 39 adds the 
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output signals from each of the mul tipl;lers 26 through 29 and , ,. . .- .. -,_ .. 

delivers an output signal LI2 • The multipliers 31 through. 33 '·'·:'·~:··~·:-,>:-~~- ...• :,· -

multiply output si~als L01 , L02 , and L04 from loop circutts 421 ,· 

42~. and 4~4 descr:i.b~"d: ·below by· mul tiplt"~at·i ~e co~ffi~i~nts · ·m3.2 · 

through m34 , respectively. An adder 40 adds the output signals 

from each of the multipliers 30 through 33 and delivers an output 

signal LI3 . The multipliers 35 through-37 multiply output 

signals.Lo1 through L04 from loop circuits 421 through 423 

described below by multiplicative coefficients m42 throug~.m44 • 

respectively. An adder 41 adds the output signals from each of 

the multipliers 34 through 37 and del.1vers an output signal LI4 • 

Th.us, the signal synthesis"portion 21 synthesizes the output .. . . . . . ..• . . ' . 

signal from the multiplier 18 and the output signals from,the,,,.";. .. 0 .;.::.•\·~.!:,. .•.. ~"·,. 

loop circuits 421 through 424 an~ delivers the synthesized 

signals, namely, the output signals from the adders 38 through '.41 · / .. >.- .. 
·~:-.. :-.i~·.:·. ···.· .. · .. ;..-· ,• .......... ·>· • .. · .... ··. ·~·· .. :. · .. ·· ... ,'.: .:: ·~ 

to the t ~oop circuits 421 through 424. respect! vely. . ' : ; . : "';"': ,_·,. '\> :: •::· 

In Fig. 2, the loop circuits (hereinafter referred to as 

LOOP) 421 through 424 having the same electrical structure are 

provided. Fig. 4 shows a block .diagram of the electrical.~:, . . ···.';'··· 

structure of the LOOP 42.: . In this ·figure, a:. high ~ass filter " .. ;.':': .. - .,. .. · 

"(HPF) 43. is provided, which cut~ off the low ·frequency "componen:t·· ··· :ri:.: · 

of an input signal. that :·is, ·the output sigli8.l LI from t4e signal· .. 

. synthesis portion 21 based on a coefficient HPFn from the control 

portion 8 via the resonance elements co~trol portion 20. The. 

output· signal from the HPF43 is supplied to a first input 

terminal of an adder 44. The output signal from the adder 44 is 

supplied to a low pass filter (LPF) 45 which cuts off the.high 

frequency component of it based on a coefficient LPFn from the 

control portion 8 via the resonance elements control portion 20. 
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·The output signal from the LPF 45 is.supplie4 to an all-pass 

filter (APF) 46 in which the phase difference between an input 

signal and an output signal changes in response with the 
. .. . . .. . 

frequency of·the si~ls-.based on a coefficient APFri_from the 

control portion 8, via the resonance elements control portion 20. 

The output signal from the APF 46 is supplied to a delay circuit 

(DELAY) 47 which delays it for the desired delay period.based on 

data DLYn from the control portion 8, via the resonance elements 

control portion 20. The output signal from the DELAY 47 is 

supplied to a multiplier 48 which multiples it by a loop gain LGn 

from the control portion 8, via the resonance elements control· 

portion· 20. .. ·The resonance frequency i>i tches of each of the LOOPs 

'''.::· 421 through 424 are decided ·by -the total sum of the delay -time of 

each of the LPF 45, the APF 46 and the DELAY.47 which is the 

construc.tion element in the closed loop, that is, the total sum 
\ .. . _.:-: . -~ . : : . ·. ·.. . .: . •.. .. . . . . ' .· . ., . ~ ·' ··~ .... 

of tlie · delay period of the- closed loop.· ... Accordingly. the delay .. "' 

period of the DEJ:,.AY 47 must be designated based on the data DLYn 

in consideration of the delay characteristics of the filters 

(i.e., the LPF45 and.the APF46). in the closed ;loop to control the 

tone pitch. 

Moreover, ln Fig~ 2, a sign.al synthesis portion 49 is· 

provided wtiich·syn~hesizes the output signals from each of the 

LOOPs 421 through 424 and delivers output sigr;ials as the musical 

tone signals of each of the channels L and R. The resonance 

elements control portion 20 decides multiplicative coefficients 

k1L through k4L• and k1a through k4R, of each of the multipliers 
.. 

50 through 5.7 (see Fig. 5) in a signal synthesis portion 49 based 

on the data MIX from the control portion 8 and delivers these to 

the multipliers 50 through 57. In Fig. 5, the multipliers 50 and 
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54 mult1pl~ input signals, namely,. the output sigtial from the 

LOOP 421 shown in Fig. ·2 by multiplicative coefficients klL and 

klR• respectively. The multipliers 51 and 55 multiply input 

~if;nai's / namely·, .. :the· (;utput sigiia1 from the ·LOOP· 422. ·shoWn. in . 

Fig. 2 by multiplicative coefficients k2L and k2R• respectively. 

The multipliers 52 and.56 multiply input signals, namely, the 

output sign.al from the LOOP 423 shown in Fig. 2 by multiplicative 

coefficients ksL and ksR• respectively. The multipliers 58 and 

57 multiply input signals, namely, the output signal from.the 

LOOP 424 shown in Fig. 2 by multiplicative coefficients k4L and 

k4R, respectively. The adder 58 is provided which adds the 

output signal from the multipliers 50 through 53 and delivers the 

add! tional result as the musical,. tone :.sign.al OUTL .of the channel 

L. The adder 59 is provided which .adds the output sign.al from 

the multipliers 54 through 57 and delivers the additional result 
· .. 

·:· -~·, ··: ·, .· ;~/',.,·: .-:·· .·• _.~-.r··.::~ :····.·~.·· · . .' .. : .-.~~·.·· .: .; .•. ··:-!. .... .:.~:· .. •••·· .. ,:-:·1:.,\·'···}.; .. :- ·-;··=~·· .' .. ·· .. ·· ... 

as the'· musical ton~ sign.al OUTR. -of the·· channel R. · 

When the control portion 8 delivers one data ALG to 

designate the combinations (the connection forms, namely 

algorithms) of the. LOOPs 421 through 424 , the resonance e~ements 

·.' ·· •. cont_rol portion .20. determines t~e. m:ultiplicative c~efficients m11 
. . . 

. through m14, m21 through m24·, m~1 through m34 ··,and m41 through 

m44 of each ·of mul tiplier·s 22 through 87 in. the sign.al synthesis 

portion 21 (shown in Fig. 3) based on the data ALG and delivers 
.. 

these to ·the multipliers 22 through_37. Accordingly, the 

algorithm (the connection form) of the LOO~s 421 through 424 are, 

for example, designated as shown in Figs. 6(A) through 6(C), 7(A) 

through 7(C), 8(A), and 8(B). Next, when the control portion 8 

delivers one data MIX to designate the synthesis·coefficient of 

the output signal from each of the LOOPs 421 through 424 , the 

11 
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resonance elements control portion 20 decides the ·multiplicative 

coefficients kiL through k4L, and kiR through k4R, of each of .the· .. ,, .. 

multipliers 50 through 57 in the signal synthesis portion .:c:49 

(shown in Fig. S) based on .. th~ ciS:ta MIX·· and delivers these to. the .. 

. multipliers 50 through 57. Accordingly •. the output signals from 

the algorithm of the LOOPs 421 through 424 , for example, as shown 

in Figs. G(A) through G(C)., · 7(A) through 7(C), 8(A), and 8(B), 

are variously synthesized over great range. 

As described above,· when the control portion 8 delivers the 

data ALG ~d MIX to the· resonance portion 19, the combination of 

the LOOPs 421 through 424 of the resonance portion 19 can be · .. 

variousl.Y constructed over great range. 

When synthesizing musical tones with a certain. feeling ~·:of:·· .. ;::,.} . :,~·· : ...... J:.,. 

the pitch and with high quality. the control portion 8 .delivers ,· , ·.~: 

the data ALG ~d MIX to the resonance portion 19 to connect. the·:;· ·· 

. ·- LOOPs 421 and 422 'i:ri',-:~~rfes· ·as .sh0wn in Fig. 9.. When ··th~':·.~.--;'.: :· .. : '. ... ;· ! ... >· ··:~'·. 

performer depresses, for example, the key of the keyboard ~f the 

performance manually operable member 6 corresponding to the· note 

C, the keyboard delivers key data such as the tone pitch i:::. 

corresponding· to the note c. :The·input portion.of the touch (not 

shown) detects the initial touch and the after touch of each of· .. ...~ 

the keys of the ke~board/ and generates the touch data indfcating 

the force of the touch and delivers these to the control portion 

8. Then, the control portion 8 delivers the loop gain LG1 and 

G2 , the coefficient LPF1 and LPF2 , the coefficient APF1 and APF2 , 

and the coefficient HPF1 and HPF2 for the key data, the touch 

data, the tone color and the like corresponding to C note to the 

resonance portion 19 to designate the fundamental frequency pitch 

of each of the LOOP 421 and 422 to the frequency fl. In 
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addition, the contrQl portion 8 delivers to the resonance portion 

19 the resultant value which the above-mentioned value; such as 

the delay period of the LPF 45 and the APF 46; are subtracted 
. . . . 

from the phase delay period of the entire loop (see Fig. 9) 

corresponding to the note C as the delay period of the DELAY 47. 

Accordingly, the resonance elements control portion 20 in the 

resonance portion 19 delivers these data to the HPF43, the LPF45, 

the APF46, the DELAY47, and the multiplier 48 of each of the 

L~OPs 421 and 422. 

Next, the control portion 8 delivers the data WAVE, the 

key-on signal KON.and the pitch data PITCH to the waveform 

generating portion 10 in the excitation signal gen~rating portion 

9 and delivers the coefficient data_FLT1 and FLT2 to t~e fi~ters 

12 and 13, respectively and.delivers the amplitude control 

s"ignals AMP1 and _AMP2 to_ the multipliers 14 and 15, respectively.· 

, · In· this .,.,~~s~~ . th~ ~pitt~d~ controi signals AMP~ and AMP~· ~~~ . 
designated so that the ratio of the output signal £rom the filter 

12 to the output signal from tbe filter 13 becomes higher. 

Furthermore.. the control portion 8 supplies the coefficient data 

~T3 to the filter l7 and ~upplies the amplitude control ·signals.·: 

AMP3 to the multiplier 18. 

Thus, the waveform generating portion 10 generates the. 

generated sign.al having the waveform designated by the data WAVE 

with the generating timing designated by the key-on signal KON 

and the pitch designated by the pitch data PITCH and supplies it 

to the filter 12. The filter 12 appends the desired 

characteristics to the generated signal based on the coefficient 

data FLT1 . The multiplier 14 multiplies the output signal from 

the filter 12 by the amplitude control signal AMP1 . In contrast, 
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the filter 13 appends the desired characteristics to the noise 

signal, such as white.noise sign.al from the noise generating 

portion 11, based on the coefficient data FLT2 . The mult~plier 

15 multiplies the ·output signal from the filter 18 by the · ·· 

amplitude control signal .AMP2• Then, the adder 16 adds the 

output signals from the multipliers 14 and 15 and delivers the 

resultant sign.al as the excitation sign.al to the filter 17. 

Next, the filter 17 appends the desired characteristics to 

the excitation sign.al based on the coefficient data FLT3 from the 

control portion 8. The multiplier .18 multiplies the output 

sign.al from the filter 17 by the amplitude control.sign.al AMP3 

from· the contro.l portion 8 and supplies its . output signal to the 

resonance portion ·19. = .. ·'· Accordingly, in the -resonance portion 19, · 

the HPF 48 in the LOOP 421 cuts off the low frequency component 

of the input ~ignal~ that is, "the output sign.al from the 
~ ·.:· .. · ·,·~.·.; .... ~·:.~·; .· .· · '.\,-: •.' ~-~,f':-',,,:·.•·,:.-i:.. :l!: · ;.:·::;· .. : . ·. • · • •q:/.·;·~· • .=-· ··.·•· ,• , ....... •.; :-:.::··.·:~~~·r;-~-~· •. ,., .. i·:~··-~ .. :; ,. · .. , .•.·. ;. · :>~;·• .. · .· .. 

multiplfer 18 based on ·the ·coe.fficient HPFn: from the control 

portion 8 via the resonance elements control portion 20. The 

output signal from the HPF 43 is supplied to the first input 

terminal of the adder 44. The output signal·from the adder 44 is 

fed. back to the second terminal. of the·. adder. 44 via the LPF 45, · 

the APF 46. and t~e multiplier 48. Thus. the phase difference 

between each of the frequency components.of the output signal 
,. 

from the HPF 43 varies and the level of the output sign.al from 

the HPF 43 gradually decreases as the output sign.al of the HPF 48 

repeatedly circulates in the closed loop formed by the adder 44, 

the LPF 45, the .APF 46, the DELAY 47 and the multiplier 48. 

Next, in the LOOP 422, the output signal from the APF 46 of the 

LOOP 421 • namely, the output signal L01 from the LOOP 421 is 

supplied to the LOOP 422 and is treated in the same way as in the 
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LOOP 421 • Accordingly, the output signal from the APF 46 of the 

LOOP 422 , in other words, the output signal L02 from the LOOP 422 

is supplie.d to the signa~ synthesis portion 49. The signl;ll 

synthesis portion 49, that is, the resonance portion 19 delivers 

the output signals as the musical tone signals OUTL and OUTR of· 

each of the channels L and R. 

As described above, since the resonance portion 19 com.prises 

the LOOPs 421 and 422 connected in series and the fundamental 

frequency pitch of each of the LOOPs 421. and 422 is desi~ated to 

· the frequency fl, the frequency characteristic of the whole 

resonance portion 19 becomes the frequency characteristic of the 

curve a shown in Fig. 10. In Fig. 10, curve b shows the 

frequency characteristic of each of the LOOPs 421 or 422 and the 

fr~quency interval f 1 is one which ·the human ear recognizes as 

the pitch. ~ shown by Fig. 10, in the case where the LOOPs 421 :· .. , 
·;··-~:;,~~-···.:-:· :··· ·. ·.. . .. ·. \.. . ..... ··. . .·. . · .. ·· .•. . ........ :· ."• .:~·. ··.;. . ·:..."."·:··-~ ~ .......... ,: . - •. ~·- .• :.-·.:.·¥: 

and 422 having approximately the same frequency characteristics ·: ·. · 

and are connected in series, the comb-formed frequency 

characteristic as a whole becomes sharper than one of each of the 

LOO~s 421 ·or 422 , and a musical tone with a certain feeli~g of 

the 'pitch and with high quality ·can .be synthesized. ~·~·-":···· .. . ..... ~·; 

The musical tone made using a non-electronic musical 

instrument not only havs ··a simple line spectrum, but also has a 

spectrum in which the noisy components lie near the original 

overtone, and furthermore contains irregularities. For example, 

in the case where the electronic musical instrument of the 

above-mentioned embodiment synthesizes similar· musical tones to 

the musical tone" having irregularities made using the non-

.electronic musical instrument, the control portion 8 may 

designate the amplitude control signals AMP1 and AMP2 so that the 

15 



ratio of the output signal from the filter 13 to the output 

signal from the filter 12 becomes higher. 

When the resonance portion 19 comprises a similar connection 

to the one ·shoivn in Fig . ." 9, :·the fundamental · frequ·ency pitch of. 

the LOOP 421 is designated as the frequency t 1 (see curve a in 

Fig. 12), the fundamental frequency pitch of the LOOP 422 is 

designated to thefrequency 3f1 (see curve b in Fig." 12) as shown 

in Fig. 11, and the frequency characteristic of the whole 

resonance portion 19 becomes the frequency characteristic.as 

shown in Fig. 13. 

When the resonance portion 19 com.prises further the LOOPs 

421 and 422 ~onnect~d in parallel and an adder 60 adding the 

.......... ·output signals froin each of the LOOPs 421 ·and 422 as shown in 

Fig. 14, the fundamental frequency pitch of the LOOP 421 , which 

r ~-~·- ···.·. 
corresponds to_ the delay period.of the LOOP 42, is designated to 

-;.;:.· .•. • ·--~ ... • . .' ._:· -····.... ._ ... · -.:·. ·, •. ·-:· .• ·; ·._.: ..... ~··. ~\-.-Z:,•·' .... ~:~-··. . • .•·• . ·' • . • • 

the frequency f 1 , and the fundamental frequency pitch of the LOOP 

422 is design~ted to the frequency which shifts by the frequency 

llf against the frequency f 1• ~e frequency characteristic of 

the whole resonance portion 19 becomes somewhat similar to the 

frequency characteristic· which both of the fundamental frequency 

pitch and the overtone frequency shift, as shown by the curve b ·. 

in Fig. 15 •. Accor~ingly;· the electronic musical instrument .of 

the above-mentioned embodiment can synthesize the musical tone 

with a·detuning ef~ect in which the musical interval is finely 

shifted and with the sound effects of a chorus .. In Fig. 15, the. 

frequency component of curve a is practically removed by the HPF 

43 (see Fig. 4) in the LOOP 42. 

Moreover, the resonance portion 19 is constructed as a 

construction in which the LOOPs 421 and 422 are connected in 
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parallel, a multiplier 61 multiples the output signal from the 

LOOP 421 by a multiplicativ~ coefficient kLl• a multiplier 62 

multiples the output signal from the LOOP 422 by a multip~icative 

coefficient kL2 and an adder 60 adds the output signals from each 

of the multipliers 61 and 62 as shown in Fig. 16. The 

multipliers 61 and 62 correspond to the multiplier 48 and 50 

through 57 in the sign.al syn.thesis portion 49 shown in Figs. 2 

and 5. When the fundamental frequency pitch f 1 and f 2 of each of 

the LOOPs 421 ·and 422 , which corresponds to each of the ~ta DLY1 

and DLY2 , and the loop gain LG1 and LG2 are adjusted and the 

output levels of each of the LOOPs 421 and 422 is adjusted by 

modifying the multiplicative .~oefficients kLl and kL2 , the __ 

specific row of the overtone component appearing in .. every_pitch.: . . . . . ·. '• .: . . ~·. . . .. . . ··~ ,,., . ··~: .. ~ '; 

difference between the fun~amental frequency· pitches f 1 l:!l1d.f2 
can be indepe~.dently controlled in every row. · For example,.. when 
·, .· ,·, ·.• ... : ... ' • ';';•..,.:.-:.·· • •'"'· .. :>"·~:;-••,.,,_.,:.:.•·,•;"•::·'•i_...,•.•~--!''.,• •0 ';.,-·•~.",••'""" ', • .".",,, •• ;%'.' •"r ... •:;,,•" •"",•~:••,f...-'•,,:,:>,:,:•", 

the loop gain LG2 of- the 'LOOP 422 and. the multiplicative .·. -- . _ _ .·.·· 

coefficient kL2 of the multiplier 62 are adjusted, the gain can 

be independently controlled every row of each of the overtone 

components as shown by the arrow in Fig. 17; thus, the mu$ical 
.::··· ' 

· . tone having the desired -overtone . construction can be obtained.· 

As described above, since the resonance portion 19 ls 

constructed so that the LOOPS 421 through 424 can be combined at 

random, the rich variation of tone color of the musical tone can 

be ensured. Since each of the LOOPs 421 through 424 can.be 

usable in the range of stable operation, the reliability of the 

system becomes high. In particular, when the serial connection 

and the parallel connection of the LOOP 42 are included as shown 

in Fig. 6(B), Fig. 6(C), Figs. 7(A) through 7(C), and Fig. 8(B), 

the tone color and the variation of the tone color of the 
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generated·musical tone can be more varied. 

As the above-mentioned embodiment of the present invention, 

the overtone construction of the generated musical tone is more 

. easily anticipated than in the tone generating form using 

modulation such· as the frequency modulated tone generating 

circuit. and the number of calculations is far less than in the 

tone generating form using the harmonic synthesizing form 

(Fourier synthesizing form). 

Moreover, in the above-mentioned embodiment of the present 

invention, the sampling of the musical tone data with high 

quality and the waveform memory with large volume are not 

particularly_necessary such as in an electronic musical 
.· .. ·. 

instrument using the tone-generating · clrcui t which reads the . · .. · ;.'.· .. 

waveform data from the waveform memory. ..·. 

In the ·above-mentioned embodiment of the present i-nvention, 
~-•· • • •. ,~:.::· :. "\.. • • • •. :: •. • • · •. • '• ;·~:: . • .•• • ;. · .. ' • " ~ " . .._ ··.·~ •:..:: ·• •. . r".: ·,·:..:, ' • ,- • .• :.fi;j:.:j,·; . I:··· ..• .• ·: .• ; . :· .'.,.''._. 

\ ·• it is described· that ~he resonance portion 19 is simply · · ' · .. ;: :-- . 

constructed by a combination of the LOOPs 421 _through 424 ; 

however, for example, the resonance portion 19 may be constructed 

in which an interstage process circuit 63 is inserted bet~een the 

LOOP 421 and the LOOP.422 as shown in Fig. 18~ In this case, as 

the interstage process, for example, the following processes can 

be employed. 

The processes are ones in which the output signal from the 

LOOP 421 is nonlinearly processed using a nonlinear table, in 

which the amplitude of the output signal from the LOOP 421 is 

controlled using such as a compressor or a limiter, or in which 

the sound effects of every kind such as reverberation, delay. and 

chorus is given for the output signal from the LOOP 421 . 

In the above-mentioned embodiment of the present invention, 
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1t is described that the LOOPs 421 and 424 are combined so that 

the resonance elements control portion 20 determines the 

multiplicative coefficients m11 through m14 , m21 through m24• m31 

through m34, and m41 through m44 • of each of the multipliers 22 

through 37 of the sign.al synthesis por~ion 21 based on the data 

ALG from the control portion 8 and supplied to these; however_, 

the present invention is not limited by the above-mentioned 

embodiment. For example, "the LOOPs 421 and 424 may be combined 

so that an internal memory in which is pre-stored a plurality of" 

·the algorithms of the LOOPS 4·21 and 424 is provided in the··· 

·control portion 8 and· a performer selects one of these algorithms 

using the selection switch (not shown);· thereby, the control 
. :: . . ~ ..... :. : ... ··. · ... ~ .. = ··:. ' . 

portion 8 supplies-the seiected algorithm to the resonance 

elements -control portion 20 .• 

In the above~mentioned embodiment of the present invention, 
... 

. . ..... ·~.>·..:· .,:· · ... ~ ...... ·~-,.····· .... -~·t· . ::. : ·~, .... : . . . .. . . . . ~· ~ ........ . ... : ·. ·· .... · .. . 
circuits corresponding ·to a:n excitation signal· generating means-~ 

··.· .. 
a plurality of loop means and coupling means in claims preferably 

consist of digital sign.al processors, respectively. 

· iiUlii~iHli 
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What is claimed is: 
\ \11\11\ \l\I\\ 111\l \ll\I \\ \Ill 

* t L M S * 

1. An electronic musical instrument comprising: 

an excitation signal genera tin.- me.ans for generating ·.an 

excitation signal in accordance with musical tone designating 
~-

information; 

a plural! ty of loop means for at least delayi_ng an input 

signal in response to said musical tone designating information 

and repeatedly circulating said signal, ~aid excitation signal is 

supplied to at least. one of said plural! ty of loop means; -.and 

coupling means for coupling said plurality of loop means in 

accordance with a predetermined coupling form, wherein a signal 

circulated in at least one of said plurality of .-loop means is. 

output as a musical tone signal. 

2 •. An electronic musical instrument..__comprlsing:_~- ·::"· . .,,~., ...... ·.··. 

an excitation signal generating means for·generating an. 

excitation signal in accordance with a musical tone designating 

information; 

a plurality of loop means for at least delaying an input 

signal in response to said musical tone designating information 

and repeatedly circulating said signal, said excitation signal is 

supplied to at least one of said plurality of loop means; and 

coupling means for coupling said plurality of loop means in 

series, whe~ein a signal circulated in at least one of said 

plurality of loop means is output as a musical tone signal. 

3. An electronic musical instrument comprising: 

an excitation signal generating means for generating an 
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excitation signal in accordance with a.musical tone designating 

.information; 

a plurality of loop means for at least delaying an input 

signal in response to said musical tone designating information 

and repeatedly circulating said signal, said excitation signal is 

supplied to at least one of said plurality of loop means; and 

coupling means for couplin~ said plurality of loop means in 

parallel, wherein a signal circulated in at least one of said 

plurality of loop means is output as a musical tone signal. 

4. An electronic musical instrument comprising: 

an excitation signal generating means for generating an 

excitation signal in accordance with a musical tone designating 

information; 

a plurality of loop means for at least delaying an ·input 

sign.al in response to said musical.tone designating information. 

and repeatedly. circulating said sign.al, said excitation signal is 

supplied to at least one of said plurality of loop means; and 

coupling means for coupling said plurality of loop means in 

series and in parallel, wherein a signal circulated in at least 

one of said .plurality of loop means is output as a musical tone 

signal. 

5. An electronic musical instrument according to claim 1 

further comprising coupling form data output means for providing 

coupling form data indicating how to couple input and output 

terminals of said plurality of loop means, wherein said input and 

output terminals of said plurality of loop means are coupled each 

other based on said coupling form data output by said coupling 
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form data output means. I 1111111 111111 11111 1111111 1111 
* C L M S * 

6. An electronic musical instrument according to claim 1 

further comprising a memory means for storing a plurality of 

coupling forms indicating how to couple input and output 

terminals of said plur~lity of loop means, wherein said coupling 

means couples said input and output terminals of said plurality 

of loop means are coupled each other based on a coupling form 

read from said memory means. 
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