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1 Abstract

Backggound 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-eiectronic) 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 tone-generators which synthesize sounds -

: of acoustic musical 1nstruments are conventionally known Each -

ar

of the physical-modal tone generators slmulates the sound

production mechanism of a target acoustic musical instrument.

Examples of the physical-modal tone-generators have been
disclosed in Japanese Patent Application Laid-Open Publication
63-40199 and US Patent No. 4,984,276. ..

. An example of conventional physical-modal tone-generators

In -this figure, an
excitation signal generating circuit 1'1nc1udes a waveform memory -

which stores excitation signal waveforms made up of a 1ar§e
number of frequency components, such as an impulse waveform. The
excitation signai from the excitation signal'generating oircuit 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

WrnE o
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simulates the delay of propagation of vibrating weves in a strlng

‘of the target stringed instrument.

The delayed output signal from the delay circuit 3 is then
supplied to a filter 4 ‘which. similates acoustical losses 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 te the delay circuit 3,
the output signal from the adder 2 1s 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 signal output from the excitation signal generating
circuit 1 is supplied to the first input terminal of the adder 2,

: the supplied excitation signal begins to circulate in the closed

B AT

loop. In this case. the signal circulates around the closed 1oop' ﬁ

once in the time which'ls equal to the period of oscillation of
the vibrating string being simulated, and the band width of the

signal 1s limited by the filter'4 each time the signal passes

thpqugh the .filter 4. Then, the signal circulatiug_in the closed ... .

lccp-is delivered as a musical tone signal from the musical_tone '

" output terminal 5. “'An ‘eXample of the above-described type of -

tone generator has been disclosed in Japanese Pateht Publicatlon
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 1s 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 cohstrﬁctioniof t'h"e.‘(Lz.x.(':':I.tia,t".{ozlrzi-'"sf::l‘;giﬂl-é’..flfﬂ."”M.x'ﬂ-‘--w"”"~

supplied to the closed loop must correspond to a pitch designsted~
by a performer. o .i“

By increasing the loop gain of ‘the closed ‘Toop (the filter E
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 thils 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 degradea.:’ '

Summary of the Invention

--Ih:consideration=ofﬁthe above, 4t .1s-an obJective»of-the uwesiisg-aic iz

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«tone5color-of%the'musical-tohe,=qnd which 1S;Qapéble”év_fﬂﬁﬁ

of'stthe closed;loog'operetionilahq.whi?p,;s_cgpsble of
constructiné a system with high reliability. |

To satisfy~these objectives, the present invention provides,i
an electronic mﬁsicsl'instrument comprising an excitation signal
generating means for generating an excitation signal in
accordance with a musicsl tone designating information ahd a
plurality of loop means for at least delajing an input signal in

response to the'musical tone designating information and
—_—
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repeatedly circulating the signal, so that the excitation signal"

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

coupling means for coupling the plurality of loop means 1n

. _accordance with a. predetermined coupling form, wherein a signal 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
excltation signal in response to the musical tone .designating
information to and repeatedly circulates the signal. The signal
. gradually changes into a signal having a desirable waveform in

response to the coﬁpling form while circulating in the plurality

of loop means. -Accordinglj. the signal circulated in bne of any

plurality of loop means 1is delivered as a musical tone signal.

.rnﬂxwwmwAeeording3tolthe present- invention, a positive:effect.is .

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 veriation of

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

* positive effect that a system with high reliability can be - ‘.-

'+ constructed so, that the closed loop operates stably.

Brief Explanation of the Drawings .

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

an electronic musical instrument based on the preferred

embodiment of the present invention.

Fig. 2 shows a block diagram of the electrical structure of
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e © - Filg. 3 shows a block'diagram.of?the electrical structure of

a signal 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 signal synthesis portion 49.

Figs. 6 through 9 show block diagrams of examples of the
algorithms constructed by the LOOPs 424 through 424.

- /Fig..10 shows an example of the frequency c¢haracteristics
'Q*Pcorresponding=to the block diagram-ofrFig.~9.

Fig. 11 shows a block ‘diagram of other example of the

-&ﬁwfufelgbrithp conétfuctedebykthe-LQOPe7421@through A2 g vt it

Fig. 12 shows an example of the frequency characteristics

corresponding to each of the LOOPs 42, and 42, of Fig. 11.

Fig i3 shows an example of the frequency characteristics

. t?f"ccrre;ponding to the block diagram of Fig. 11.

;'fa~~s7F1g:'14“éhows a block diagtém'offother,example'bf'thé‘f
algorithm constructed by the LOOPs 42; through 42,.

Fig. 15 shows an example of the freqdency characteristics

ccrresponding to the block diagram of Fig..14.

'Fig. 16 shows a block diagram of other example'of the
algorithm constructed by the LOOPs 42; through 42,.
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Fig. 17 shows an example of the.ffeqnency.characteriétioe,35\+h:wnng

corresponding to the block diagram of Fig. 16,

Fig. 18 shows a block diagram of another electrical g.'

"structure of the resonance’ portion 19

Fig. 19 shows a block diagram of a structural example of the
oonventional physical-modal tonngenerator simulating a stringed

instrument.

Detalled Description of the Preferred Embodiments

Hereinafter, an explanation of the preferred embodiment of

-the present invention is given with reference to the figures.. . .

Fig. 1 shows a block diagram of the structure-of.an .electronlcii;: i wamm.

musical instrument in accordance with the preferred embodiment of .-’

the present 1nvention. In this figure. manually operable

performance members 6 such as a keyboard. manually operable . -m;f~ "y

members 7 for setting musical tone parameter designating a

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

72

portion 8 controlling all apparatuses, are provided. o

'u~Moreover, an exeitation,signal.generating portion 9 15%%

provided which comprises a waveform generating portion 10 which:i: i

' genierates ‘a sigiial including a rich overtone with theé required . b oo

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 PITCﬂ
for designating the pitch of the generated signal from the
control portion 8. The exclitation signai generating portion 9
further comprises a noise eignal generating portion 11 which

generates a noise signal such as a white noise signal; each of
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-the filtets 12 and 13 append the desired characteristics to tho
output signal from the waveform generating portion 10 and the
noise signal generating portion 11 based on coefficient data FLTy
N 'and:Fsz fréom the control portion ‘8, respectively. ' The output
signal from the filter 12 is supplied to a multiplier 14 which
multiplies it by an amplitude control signal AMP from'the
control portion 8. The outpﬁt signal from the filter 13 is
supplied to a multiplier 15 which multiplies it by an amplitude
control signal AMP, 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 and delivers an excitation signal.
Furthermore, - the output signal from the adder 16 of the
excitation signal generating portion 9, namely the excitation

signal is supplied to a. filter 17 which appends the desired

'+ characteristics to- 1t based on the coefficient data FLTg from the;!ﬁadri

control portion 8. The output signal from the filter 17 is
supplied to a multiplier 18 which multiplies it by an amplitude
control signal AMPg from the control portion 8. The output

’f;.signallfrom the multiplier,ls,1s;supp11eddto a resonance portion ... -

.[19.wh1ch simulatesithe resonance phenomenon of the ﬁon—electronio;-

?'.musical 1nstrument. ..The résonance portion 19 appends the desired .- . - . -

characteristics to the output signal from the multiplier 18_based
~on data ALG fof.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=1 through 4, etc.) corresponding to the delay period

—_————
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-of each of-theslooo circuits, the coefficient LPFﬁ of low pass

- filters (LPF) forming each of the loop circuits, the coefficient
APF, of all pass filters (APF) forming each of the 1oop circuits.
‘;the coefficient HPFn of high pass filters (HPF) forming each of ©
the loop circuits and loop gain LG, 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 coefficlent data FLT; through FLTg and the amplitude
control signals AMPl through AMP3 may be constant or variahle
over.time. Next, Fig. 2 shows a block diagram of the electrical
.- structure of the.resonance portion 18. 'In this figure, a
'resonancegelements-control portion 20 is provided which -
determines multiplicative coefficients m;, through my,, mgy
through m24; m31 through m34. and m41 through m44 of each of
.multipliers 22 through 37 (see Fig. 3) in a signal synthesis ;r:!f
portion 21 based on the data ALG. from the control portion 8 and.
delivers these to the multipliers 22 through 37. 1Imn Fig. 3, the
multipliers 22, 26, 30, and 34 multiply input siénals; that is, .

the?output signal from the multiplier 18 shown in Fig. 1, by ... .-

-multiplicative coefficients m;4, Mgy, m31{ and m41;5respective1y;

{” The multipliers 23 through 25 multiply output signals LO, through

LO4 from loop circuits 42, through 42, described below by
-multiplicative coefficients-mlz through my 4, respectively. An
adder 38 adds the output signals from each.of the multihliers'gz
through 25 and delivers an output signal LI;. The multipliers 27
through 29 multiply output signals Loi. Loé, and LOy4 froh“loop
circuits 42,4, 423,-and 42, described below by multiplicative

coefficients Noo through my,, respectively. An adder 38 adds the
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output signals from each of the multipliers 28 through.zsfend:fg_,qiiii
delivers an output signal LIs. The multipliers 31 through. 83 ::scmamer i =
multiply output signals LO;, LOy, and L04 from loop circuits 421.

422. and 424 described ‘below by multiplicative coéfficients: maz

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

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

signal L13.' The multipliers 35 through 37 multiply output |
signals. LO; through LO4 from loop circuits 42; through.423

described below by multiplicative coefficients m, o through. m44,
respectively. An adder 41 adds the output signals from each of

the multipliers 34 through 37 cnd delivers an output signal LI,.

' Thus, the signal synthesis portion 21 synthesizes the outputmgwp;_h_né
signal from the multiplier 18 and the output-signels from. the , .. .y s

loop circuits 424 through 42, and delivers the synthesiied

signals namely, the output signals from the adders 38 through 41 n;
to the loop circuits 421 through 424, respectively. : :

In Fig. 2, the loop circuits (hereinafter referred to as
LOOP) 42, through 42, having the same electrical structure are
provided. Fig. 4 shows a block dlagram of the electricaly. o
.. structure of the LOOP 42.: -In this-figure, a -high pass fiiter ;ﬁg;qu_w-
"(HPF) 43 1s provided, which cuts_off the 1ow-frequency'componentumfti”
of un input signal, that 'is, ‘the output sigﬂhl LI from the signaliﬂL,i
‘synthesis portion 21 based on a coefficient HPF, from the control
portion 8 via the resonance elements control 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 LPF, from the

control portion 8 via the resonance elements control portion 20.
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- The outpht signal from the LPF 45 is supplied to an all-pass -
filter (APF) 46 in which the phase difference between an input
signal and an output signal changes ln response with the
.frequehcy of'the signslsﬂbased on a coeffictent APFﬁjfromlthe"
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 DLY, from the cohtrol 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 gein LG,
from the control portion 8, via the resonance elements control -
portion 20. The resonance frequency pitches of each of the LOOPs
42, through 42, 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
construction element in the closed 1oop. that is, the total sum -
."of the delay period of the closed 1oop._ Accordingly. the delay
period of the DELAY 47 must be designated based on the data DLY,,
in consideration of the delay characteristics of the filters
(i.e., the LPF45 and -the APF48) in the closed loop to control the
tone pitch. _ - ; |
Mbreover, in Flg. 2, a signal synthesis portion 49 1s

' 1 - pronded whiich’ synthesizes the output signals from each of. the

LOOPs 42, through 42, and delivers output signals as the musical
tone signals ofleach oflthe ehannels L and R. The resonance
elements control portion 20 decides multiplicative coefficients
kqp, through k41, and klR through kygp, of each of the multipliers
50 through 57 (see Fig. 5) in a signal synthesis portlonl49 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 multiply input signals, namely..the output signal from the
LOOP 42, shown in Fig. 2 by multiplicative coefficients Kkjjy - and
- KyR>s respectively._ The multipliers 51 and 55 multiply input
éiénals;:nameli;ftheieutput signal from the LOOP. 42, shown in .
Fié. 2 by multiplicative coefficients ko and ko, respectively.
The multipliers 52 and 56 multiply input signals, namely, the
output signal from the LOOP 425 shown in Fig. 2 by multiplicative
coefficients kg; and kgp, respectively. The multipliers 53 and
57 multiply input signals, namely, the output sighal.from_the
LOOP 42, shown in Fig. 2 by multipllcative-coefficients k4L and
K4R» respectively. The adder 68 is provided which adds the
output signal from the multipliers 50 through 53 and delivers the
. additional result es the musical“tonezsignal_OUTL-of the cheunel
L. The adder 59 is provlded which adds the output signal from
the multipliers 54 through 57 and delivers the additional result
" aé the musical ‘tone signal OUTR. .of the chammel R.. '
When the control portion 8 delivers one data ALG to
desighate the combinations (the connection forms, namely
algorithms) of the LOOPs 42; through 42,, the resonance elements
-";coutrol portion 20 determines the“multiplicative ceefficlents myq -
_through My4, Myq through'm24; mél-threugh m34~,aud myq through -
ﬁ44 of each of multipliers 22 throuéh 37 in.the signal 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 LOOPs 42; through 42,4 are,
for ekample. 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 424 through 424, the
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resonance elements control portion 20 decides the'mhltiplicative

coefficients le through k4L' ahd klR through k4R' of each of{the-ww_

multipliers 50 through 57 in the signal synthesis portionf49 .

{shown iﬁ Fig. 5) bdséd on"tﬁé défa'mix‘and délivers tﬁesé to the

multipliers 50 through 57. Accordingly, the output signals from
the algorithm of the LOOPs 497 through 424,'f0r example, as shown
in Figs. 6(A) through 6(C), 7(A) through 7(C), 8(A), and 8(B),
are variously synthesized over great range. |

- As deseribed above, when the control portion 8 delivers the

data ALG and MIX to the resonance portion 19, the combination of .

thé 1.00Ps 421 through 424 of the resonance portion 19 can be . .

variously constructeéed over great range.

When synthesizing musical tones with a certain.feeling;pf@;@;“

g A

the pitch and with high quality, the control portion 8.de11vers”

the data ALG and MIX to the resonance portion 19 to connect the {;ﬁ'

LOOPs 421 and 422 in’ series ‘as shown in Fig. 9. When the
performer depresses, for example, the key of the keyboard of the
performance manually operable member 6 corresponding to the note

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

corresponding to the note C. The input portion of the touch (not ...

shown) detects the inifial'touch and the after touch of each of -

the keys of the keyboard,” and generates the touch data indicating .

the force of the touch and delivers these to.the control portion
'8. Then, the control portion 8 delivers the loop gain LG, and
Gg, the coefficient LPFl and LPF,, the coefficient APF; and APFg,
and the coefficient HPF; and HPF5 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 fhe LOOP 421 ahd 422 to the frequency fl1. In
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addition; the control 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 phese delef 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
resenance portion 19 delivers these data to the HPF43, the LPF45,
the APF46, the DELAY47, and the multiplier 48 of each of the
LOOPs 42; and 425.

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 generating portion
9 and;delivers the coefficient data FLT; and FLTz to the fllters
12 and 18, respectively and delivers the amplitude centrol
signals AMP1 and AMP2 to the multipliers 14 and 15, respectively.:
10’ this case, the amplitude control signals AMPl and AMP2 are o
designated so that the ratio of the output signal from the fllter
12 to the output signal from the filter 13 becomes higher.
Furthermore, the control portion 8 supplies the coefficient data
' FLTg to the filter 17 and supplies the amplitude control signals. :
AMP5 to the multiplier 18. | |

Thus, the waveform generating portion 10 generates the
genefated signal having the waveform designated by the data WAVE
 with the generatlng timing designated by the key-on signal KON
and the pitch designated by the pitch data PITCH and supplies 1F
to the filter 12. The filter 12 appends the desired
characteristics to the generated signal based on the coefficient
data FLTy. The multiplier 14 multiplies the output signal from

the filter 12 by the amplitude control signal AMP,. In contrast,
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the filtér 13 appends the desired chﬁracteristics'to the noise
signal, such as white noise signal from the noise generating
portion 11, based on the coefficient data FLT,. The multiplier
15 hultiplies thé'outﬁﬁt.éigntl from the filter 13 by the.:’:
amplitude control signal AMP,. Then, the adder 16 adds the
output signals from the multipliers 14 and 15 and delivers the
result#nt signal as the excitation signal to the filter 17.

Next, the filter 17 appends the desired characteristics to
the excitation signal based on the coefficient data FLTg from the
controi pprtioh 8. The multiplier 18 multiplies the output
signal from the filter 17 by the amplitude control signal AMPg
'from'the control portion 8 and.suppl;gs itg_éutput signal to the
- resonance portion 19.:.. Accordingly, -in the-?esohance portion 19, -
the HPF 43 in the LOOP 42, cuts off the low frequency component
of the 1nput signal, that 1s, the output signal from the |
multiplier 18 ﬁéséd 6n the ééé%%icient 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 the multiplier 48. Thus, the phase difference
between each of the frequency components:of the output signal
from the HPFF 43 varies and the level of the output'signal from
the HPF 43 gradually decreases as the output signal of the HPF 43
repéatedly 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 48 of the
LOOP 424, namely, the output signal LO; from the LOOP 421 is

supplied to the LOOP 422 and 1s treated in the same way as in the
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LOOP 424. Accordingly, the output signal from the APF 46 of the

LoopP 424, in other words, the output signal LOg from the LOOP 422 o
1s supplied to the signal synthesis portion 49. The signal

synthesis portion 49, that ;s; 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 comprises

. the LOOPs 424 and 425 connected in series and the fundamental

frequency pitch of eagh'of the LOOPs 421'and 425 is designated to
the frequency f1, the frequeacy characteristic of the whole
resonance portion 19 becomes the frequency characteristic of the

curve a shown in Fig. 10. 1Imn Fig. 10, curve b shows the

frequency characteristic of each of the LOOPs 424 or 422-and.the_r,,;;_,

frequency interval f; is one which -the human'ear.recognizes as

the pitch As shown by Fig. 10, in the case where the LOOPs 421;Vﬁ=7

'.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
LOOPs 42, or 42,5, and a musical tone with a certain feeliag of
the pitch and with high quality-can be synthesizedf

The musical tone made using a non-electronic musica1“=
instrument not only havs -a simple line spectrum, but also.has a
spectrum in which the noisy cdmponehts 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 ta
the musical tone having 1rregu1ar1t1es made using the non-
electronic musical instrument, the control portion 8 may

designate the amplitude control signals AMP; and AMP, so that the
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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 shown in Fig.fs.fthe fundamental'freqﬁency pitch of.
the LOOP 42, is designated as the frequency fl (see curve a in
Fig. 12), the fundamental frequency pitch of the LOOP 425 is
designated to the frequency 3fq (see curve b in Fig. 12) as shown
in Fig. 11, and the frequency cheracteristic of the whole
resonance portion 19 becomes the frequency characteristic as
.shown in Fig. 13.

‘When the resonance portien 19 comprises fhrther the LOOPs
42; and 42,5 connected in parallel and an adder 60 adding the
-output signals from each of the LOOPs 421-and.422 as shown in
Fig. 14, the fundamental frequency pitch of the LOOP 421. which
corresponds to the delay period of the LOOP 42, is designated to
lxxthe frequency fl, and the fundamental frequency pitch of the 'LOOP
424 1s designated to the frequency which shifts by the frequency
Af against the frequency T ;. The frequency characteristic of
the whole resonance portion 19 becomes somewhat similar to the i
frequency eharacteristie-which‘hpth-of the fundamehtal frequency -
pitch and the overtone frequency shift, as shown by the curve b
in Fig. 15. - Accordingly, the electronic musical instrument of
the above-mentioned'embodiment can synthesize the musical tone
. with a-detuning effect in which the musical interval 1is finely
shifted and with the sound effects of a chorus. .In Fig. 15, the.
frequency component of curve a is practically removed by the HP?
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 multipliér 61 multiples the output siénal from the
'LOOP 42, by a multiplicative coefficient k., a multiplier 62
multiples the output signal from the LOOP 42, by a multip;icative
coefficient kLzland 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 signal synthesis portion 49 shown in Figs. 2
and 5. When the fundamental frequency.pitch fy and fo of each of.
the LOOPs 424 -and 424, whiéh corresponds to each of the data DLY;
‘and DLY,, and the loop gain LG, and LG, are adjusted and the
output levels of each of the LOOPs 42; and 42, is adjusted.by .
modifying the multiplicative coefficients kj; and kyg, the -
specific row of the overtone component appeatiﬁé Ln;everyﬁp;tphﬁmm_ _ﬁ ;;;;
difference bétween the fundamehtal frequency pitches 1 gnﬁ_fz i

can be independently controlled in every row. For example, when - -

coefficient ki o of the multiplier 62 are adjusted, the éain'can
be indépendently controlled every row of each of the overtone
components és shown by the arrow in Fig. 17; thus, the mu§;¢a1
. tone having the desired»dvertone:constrnction can be obtained. ..
As described above, since the resonance portion 19 is
constructed so that the LOOPs 421 through 42, can be combined at
random, the rich variation of tone color of the musical tone can
be ensured. Since each of the LOOPs 42; through 42, can be
usable in the range of stable operation, the reliability of the
system becomes high. In particular, when the serial connectioﬁ
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 1nvention,
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 hign.
quality and the waveform memory with large volume are not

particularly necessary such as 1n an electronic musical

instrument using the tone-generating circuit which reads the A e emi

waveform data from the waveform memory.

In the above-mentioned embodiment of the present invention,»z
it 1s descrlbed that the resonance portion 19 is simply e
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 83 is inserted.between the
- LOOP 421 and the LOOP 42, as shown in Fig. 18. In'this'case. as
the interstage nrocess, for example, the following processes can
be employed.

The processes are ones in which the output signal from the
LOOP 424 is noniinearly processed using a nonlinear table, in
which the amplitude of the output signal from the LOOP 424 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 424.

In the above-mentioned embodiment of the present invention,
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it is described that the LOOPs 421 and 42, are combined so that
the resonance elements control portion 20 determines the
multiplicative coefficients m;; through m;,4, my; through my,, mgy
through'm34, and-m41 through my4, of each of the multipliers 22
through 37 of the signal synthesis portion 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 42, ma& be combined
so that an internal memory in which is pre-stored a plurality of
-the algorithms of the LOOPs 421 and 42, 1is 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 selected algorithm to the resonance
elements control portion 20

In the anove-mentioned embodiment'of the present invention, -
-circuits corresponding to ‘an excitation signal’ generating means.
a plurality of loop means and coupling means in claims preferably

consist of digital signal processors, respectively.
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What is claimed'is:

1. An electronic musical instrument comprising:

an excitation signal generating means for generatingfan'
excitation signal in accordance with 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, sald excitation signal is
supplied to at least one of said plurality of loop means; -and

couplihgfmeans 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 1is.

output as a musical tone signal.

... 2. An electronic musicel instrument comprising:. ...
an excitation signal generating means for generating an.
excltation signal in accordance with a musical tone designating
information; | | ' _
~ a plurality of loop means for at least delaying an 1ﬁput
eignal 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
sefies. wherein 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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exclitation 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 bne of said plurality of loop means; and

coupling means for coupling said plurality of loop means in
parallei, 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 1eaét delaying an -input
signél in response to said musical tone designating information.
and repeatédly-ciréulating sald signal, said excitation sighal is
supplied to af'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-qomprising 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 sald 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.

6. An electronic musical instrument according to claim 1
further compfising a memory means for storing a piurality of
coupling forms indicating how to couple input and output
terminals of sald plurality of loop means, wherein said coupling
means couples said input and output terminals of said pluraiity
of loop means are coupled each other based on a coupling form

read from said memory means.
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