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Backggound of the Invention

" Field of the Invention

The present invention relates to electronic musical

instruments, and more particularly, to electronic musical

WrnE o

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.

example, physical-modal tone-generators which synthesize sounds -

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

: of acoustic musical 1nstruments are conventionally known Each -

disclosed in Japanese Patent Application Laid-Open Publication

-aNo. 63—40199 and US Patent No. 4,984,276. ..

. An example of conventional physical-modal tone-generators Tt e

."simulating the sound production mechanism of—stringed'instruments AR

.18 shown in the block diagram of Fig. 19. In -this figure, an

excitation signal generating circuit 1'1nc1udes a waveform memory -

which stores excitation signal waveforms made up of a large

number of frequency components, such as an impulse waveform.

The

excitation signai from the excitation signal generating eircuit 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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-Background of the Invention Field of the Invention ‘The present

igvention relates to electronic nusical instrunents, and nore
particularly, to el ectronic nusical instrunents capabl e of generating
vari ed nusical tones |ike those of acoustic (non-el‘ectronic) nusi-cal

instruments .

; - -u. simulates the'delay of propagation of vibrating waves in a string
: ‘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
ilJ 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
it - exclitation signal output from the excitation signal generating
circuit 1 is supplied to the first input terminal of the adder 2,
* the supplied efcitation signal begins to circulate in the closed
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 1s limited by the filter'4 each time the signal passes

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

L e I

;"output terninal 5['”Aniefemp1e of the above-described ‘type of -
tone generator has been disclosed ih 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

[

T

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

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



Prior Art Due to recent technologlcal | nprovenents, tone generators
elrpl oyed in electronic nusical instruments have come to be capabl e of
synthesizing a wide variety. of nusical tones. For exanple, physical-nodal
tone- generators which synthesize sounds of acoustic nusi- cal :
instruments are conventionally known. Each of the physical-nodal ~

tone-generators sinulates the sound production nechanlsn1of .a target_l__._____‘.'_._,__‘___~

acoust i Cp s CAhd ' flie spectral construction.of the excitation signal .
supplied to the closed loop must correspond to a pitch designated~
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

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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strunent Exanpl es of the physical - nodal one-gener- ators have been
di'scl osed i n Japanese Patent Applica- tion Laid-Open Publication No.
63-40199 and US Patent No. 4,984, 276. An exanpl e of conventi onal

physi cal -nodal tone- generators sinmulating the sound production mechani sm
of- strindged instrunents is shown in'the block diagramof Fig. 19. In this

by ARpBAEbat SI SRl Yughc ko 1Akt ol BELIEER & VNG ™

nunber ofis GuPPLEEAY LS OFDOIGHES orfd/&F 2heaPLUFRYIEP SRVESSY Teans; and
coupling means for coupling the plurality of loop means.in '
eccordance 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
excitation 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 coupling form while circulating in.the plurality
of loop means. -Accordingly. the signal circulated in one of any
plurality of loop meahs is delivered as a musical tone signal.

rgwﬁfwmﬂxwwmwAeeordingﬂtolthe present- invention, a positive:effect.is .
that the musical tone can be generated with a great variety of
spectrel 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 thei

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

=J'constructed so that the closed loop operates stably.

e - - 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 @ -fesonan.ce portion 19.: ... o sop. Xl

<. © Fig. 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
'i~»correspond1ng=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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The excitation signal fromthe excitation signal generat- ing circuit 1 is
supplled to a first input termnal of an adder 2. The output signal from
the adder 2-is supplied to a delay circuit 3 which sinulates the delay of
propa- gation of vibrating waves in a string of the target stringed

I nstrument . The del ayed output signal fromthe delay circuit 3 is then

suppl i ed 1o a fiktef7 SHUWE hrdleRdnples of CPHE! FFEud RSP Shelfactef 1¥ ALY,

string of the target string instru- ment. The output signal from the
filter 4 eertésponding ity the block diagram of Fig. 18.°

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.. . .

Flg. 1 shows a block dlagram of the structure-of.an electronlcCi:i . .wum
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 - e
members 7 for setting musical tone parameter designating a
musical tone parameter such as a tone color, and a control

portion 8 controlling all apparatuses, are provided. .

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

provided which comprises a waveform generating portion 1o“wn1¢n;;_fvw'
. geﬁerateS'a-signal including a rich: overtone with theé required s b s
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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to a second I nput term nal of the adder 2. Elenents 2 through 4 descri bed
ahove together forma closed |oop. In addition to the delay circuit 3, the
out put signal fromthe adder. 2 is supplied to a sound signal output
termnal 5, whereby a signal circulating in the closed |oop is out- put as
‘a.nmusical tone signal to be generated. Wth the conventional tone generator
~descri:bed above, when the excitation signal output fromthe excitation

[ha" S PLECAES D31 19, opattin dotpune e soce et 0 el

cl osed | oupputnsigmal ctisem thee wavefdrocigenerating portion 10 and the
noise signal generating portion 11 based on coefficient data FLTl

N "and’ FLT2 £rém 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

e characteristics to- 1t based on the coefficient data FLTg from the?!ﬁ;t;f
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

&{L.signallfrom the multiplier,ls,1s;supp11edtto a resonance portion .- - -

'~ 19.which simulates“the resonance phenomenon of the ﬁon—electronio;";“

~.§'.mus1ca1 1nstrument. The Trésonance 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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Fates around the closed | oop once in the tine which is equal to the period
of oscillation of the vi brating string being simulated, and the band w dth
of the signal is |lim ited by the filter 4 each tinme t he si gnal passes
through the filter 4.:Then, the signal circulating in the closed loop. is
delivered as a nusical tone signal fromthe nusical tone output termnal 5.
An exanpl e of the.above-de- scribed type of tone generator has been

di scl osedof Ned@RaeSerLAY dIHR1%8!,| ehe \BoePPL IEHRD LPF, JM 1idwe palaave
conventional electronic nusical instru- nment conprising the above
convent i ofibltérsec(PRErforming 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
i 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 M4y 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 .
i - ~multiplicative coefficients 31, Moq, m31, and m41,;respectively.
i }- The" multipliers 23_through 25 multiply output signals LO5 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 multipliers'gz
through 25 and delivers an output signal LI;. The multipliers 27
through 29 multiply output signals Loi. Loé, and LOy4 from“loop
circuits 42,, 425, -and 42, described below by multiplicative

coefficients Noo through my,, respectively. An adder 38 adds the
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t.or, the-variation of tone colors of the nusical tones to be synt hesi zed is
I|n1ted and is a drawback in obtaining nusical tone with a certain feeling

of pitch and high qual- ity, and in many cases where the pitch and the
spectr al - :

output signals from each of the multipliers 28 through.zsfund:fg_,qii;i
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: m32 .
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 circults 424 through.423
described below by multiplicative coefficients my o through m,,,
respectively. An adder 41 adds the output signals from each of
the multipliers 34 through 37 end delivers an output signal LI4.

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

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. R
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'componentumwti”

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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«3-. gonstruction of the excitation signal supplied to the closed | oop nust
carrespond to a pitch designated by a perforner. By increasing the | oop
gain of the:elosed loop (the filter with the conb-formed frequency
characteristics), the conb-fornmed frequency characteristics of the entlre
closed | oop for the signal circulating becone sharper,

- The output 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

@b -o 429 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
construction element in the closed 1oop. that is, the total sum -
?;ﬁ “”*l'of the delay period of the closed 1oop._ Accordinély. 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
' Es pronded whiich synthesizes the 6utput signals from each of. the
LOOPs 42, through 42, and delivers output signals as the musical
tone signals ofleach eflthe 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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so that the feeling of the pitch is inproved. However, in this case, the
stability of the opératidn of the closed | oop decreases , and in the worst
case there is drawback in that the closed | oop seff-oscillates.
Accordingly, there is a drawback in that the reliability of the systen1|s
degrad- ed. EP- A-0 393 701 discl oses a_nusical .tone synthe- S|Z|ng
apparatus includi.-ng a reverberation effect apply- ‘ing apparatus. The

reverber§ﬂ|mnléibkztiapptyshgudbnalummﬂus cbepoutputssignal fn@psﬂwennected

in paraIIeI Each IowB S|nulates a certain sound tran%nlsilon '
OP 42, shown in Fig. 2 by multiplicative coefficients 1L and

- KyR>s respectively._ The multipliers 51 and 55 mﬁltiply input
eiénals;:nameli;ftheieutpﬁt 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 mnltiplicative-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 chehnel
L. The adder 59 is provided which adds the output signal from
the multipliers 54 through 57 and delivers the additional result

iﬁb-'-'“"as the musical tone signal OUTR of the channel -
| 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
-";control portion 20 determines the“mtltiplicative ceefficients myq -
_through My4, Myq through'm24; mél-threugh m34~,and 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 42,, the
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and.consists of shift registers, phase inverters and adders. Summary of
‘the I nvention I n consideration of the above, it is an objective of the
present invention to provide an electronic nusical instrunent which is
capabl e of generating the nusical tone with a great variety of spectral
constructions under no influence of the kind of the waveformof the-
excitation signal and with a rich variation of tone color of the nu- -
resonance elements control portion 20 decides the multiplicative

coefficients kyy through k4L' and kiR through k,p, of each of the
multipliers 50 through 57 in the signal synthesls portionf49 .
(shown iﬁ Fig. 5) based on the défa'mix‘and delivers thesé 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 described above, when the control portion 8 delivers the
data ALG and MIX to the resonance portion 19, the combination of .
the LOOPs 421 through 42, of the resonance portion 19 can be . .
variously constructéd over great range. _ R

When synthesizing musical tones with a certain.feelinggpfpgg;"

the pitch and-with high quality, the control portion 8:de11vers” :
the data ALG and MIX to the resonance portion 19 to connect the @i;ﬁ'

-='.  LOOPs 42; and 42, 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 .. o

L o correspbnding'to_the note C. The input portion'of_the touch (not - .-

o shown) detects the inifiai'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 piltch

of each of fhe LOOP 421 ahd 422 to the frequency fl1. In
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sical  tone, and which is capable of stable closed | oop operation, and which
i S capabl e of constructing a . sys- temwth high reliability. To satisfy
these objectives, the present invention provides an el ectronic nusical
i'nstrument conprising: an excitation signal generating neans for generating
an excitation signal in accordance wth nusical tone des- ignating
|nfornat|on a plurality of |oop neans for at |east

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 phése délaf 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
resbnance 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 daté 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 fi;ters
12 and 18, respectively and delivers the amplitude c&ntrol
signals AMP1 and AMP2 to the multipliers 14 and 15, respectively.-

_?3;“ ';fﬁ1n this case, the amplitude control signals AMP, and AMP2 are
designated so that the ratio of the output signal from the filter
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. ' _ L o '. ot

Thus, the waveform generating portion 10 generates the
genefated signal 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 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,

BT —
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-4-. delaying an input signal in response to said nusical t one desi gnati ng
i nformati on and repeatedly circulating said signal, said excitation signal
bei ng supplied to at |east " :

the filter 13 appends the desired cheracteristics'to the noise
signal, such as white noise signal from the noise generating
portion 11 based on the coefficient data FLTo. The multiplier
.15 multiplies the output signal from the filter 13 by the D
amplitude control signal AMP,. Then, the adder 16 adds the
output signals from the multipliers 14 and 15 and delivers the
resultent 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
control pertioh 8. The multiplier 18 multiplies the outpuﬁ
signal from the filter 17 by the amplifude control signal AMPg
'from'the control pértion 8 and.supplies ite_eutput signal to the
fresonance 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 |

j5% . multiplier 18 ﬁesed ‘on the cee%}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
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 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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ene-of said plurality of |oop neans; characterized by coupli.ng designation
means for generating coupling designation data in accordance with a tone
color of the nusical tone to be generated; and coupling neans for. coupling
said plurality of |oop nmeans in accordance with said coupling desi-gnation
data, wherein a signal circu- lated in at | east one of sald plurality of
| oop nmeans i s output as a nusical tone signal. - Accordlng to such a
st ruct ur BOOPh42pl urecoydiriglootheeantputhstgnat foom| thie tAPR a6 oft tde i n -
accordance with the predeterm ned coupling form at_ |east del ays
LOOP 425, in other words, the output signal LO, from the LOOP 422 -
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 42; and 42, connected in series and the fundamental
frequency pitch of each'of the LOOPs 421'and 425 is designated to
the frequency f1, the frequeﬁcy characteristic of the whole
resonance portion 19 becomes the frequency characteristic of the
curve a shown in Fig. 10. 1In 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

im ”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 feeligg of
the pitch and with high quality-can be synthesized. _

The musical tone made using a non-electronic musica1“=- S .
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 tc
the musical tone having 1rregulér1t1es 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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the-supplied excitation signal in response to the nusical .tone designating
iaformation to and repeatedly circu- lates the signal. The signal gradually
changes into a sig- nal having a desirable waveformin response to the cou-
pling formwhile circulating in the plurality of |oop neans. Accordingly,
the signal circulated in one of any plurality of |oop neans is delivered as
a nusical tone signal. According to the present invention, a positive
ef fect i wattiiat ofhtheusutput t stenahrfrven ddvee filleerwil8hta gheadmf/mt ety of

spectral constructions under no influence of the kind of the waveform of
the exci tsdiemgd frgmathanfiliemn 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 chdracteristic of the whole
resonance portion 19 becomes the frequency characteristic as
.shown in Fig. 13.

‘When the resonance portién 19 comprises fﬁrther the LOOPs
42; and 42,5 connected in parallel and an adder 60 adding the

~output signals from each of the LOOPs 423 -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
! " “"ine frequency f1, 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 éharacteristiq-which‘bpth-of the fundamental frequency -
pitch and the overtone frequency shiff, as shown by the curve b
in Fig. 15. - Accordingly, thé 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 fhe 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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t-he-rich variation of tone color of the nusical tone. Fur- thernore, there
i st he positive effect that a systemwi th high reliabil ity can be
constructed so that the closed | oop operates stably. Brief Explanation of
t he Draw ngs Fig. 1 shows a block diagramof the electrical struc-
ture of an el ectronic nusical instrunent based on the preferred enbodi nent
of the present invention. ' f 2 shows a bl ock diagram of the
electr|(xﬂaﬁﬂ%ﬁ&} a multiplier 61 multiples the output signal from the

" LOOP 42, by a mnltiplicative coefficient ki1, a multiplier 62

multiples the output signal from the LOOP 42, by a multiplicative

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 425, which corresponds to each of the data DLYy

‘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 ky; and kyjo, the .

specific row of the overtone component appeating Ln;everyﬁp;tphﬁmm_ _ﬁ ;;;;
difference between the fundamental frequency pitches f; and fy i

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

""" the Toop galn TG, of theL0OB 42 and the muitipiicative’ T T
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 portién 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 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

Thxs Sheet Has Been Re 'i

g




..
~

ture of a resonance portion 1 9.

generated'musical tone can be more varied.
| As the above-mentioned embodiment of the present 1nventioh,
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 1n an electronic musical

instrument using the tone-generating circuit which reads the BT

waveform data from the waveform memory.
In the above-mentioned embodiment of the present invenfion,»z
L 1t 1s described that the resomance portion 19 is simply . -
constructed by a combinatien of the LOOPs 42i_throuéh 424§
however, for example, the resonance portion 19 may be constructed
in which an interstage process circuit 83 is inserted.between the

- LOOP 42; and the LOOP 42, as shown in Fig. 18. In'this'case. as

R

the interstage ﬁrocess, for example, the following processes can
be employed.

The procesees 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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-5- ' Fig. 3 shows a block diagramof the electrical struc- ture of a

S|gnal synt hesi s portion 21. Fig. 4 shows a bl ock diagramof the
electrical struc- ture of a LOOP 42. Fig. 5 shows a bl ock diagram of
the electrical struc- ture of a signal synthesis portion 49. Figs. 6

t hrough 9 show bl ock di agrans of exanples of the algorithns constructed by
the LOOPS 42Le Lcriﬂéﬁmwhé¥qéhe 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 algorithmsior the LOOPs 421 and 42, 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 selected algorithm to the resonance
elements control portion 29,
In the above-mentioned embodiment'of the present invention, -
iﬁﬁf'"'wicircuits corresponding 6 an excitation signal’ generating means.
a plurality of 1oop means and coupling means in claims preferably

consist of digital signal processors, respectively.
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Eig:s 10 shows an exanple of the frequency charac- teristics corresponding
to the block diagramof Fig. 9. Fig. 11 shows a bl ock diagrameof other
exanpl e of the algorithmconstructed by the LOOPs 42[err] through 42[err].

Fig. 12 shows an exanple of the frequency charac- 1 ondi ng
to each of the LOOPs 42[err] and -422 of Fig. 11. “ll“"ﬂﬂ“ﬁﬂ]ltﬂﬂs
exanpl e ofhdthdd rAmieredy isharac- teristics corresportdi fig to thé blfock
di agram of Fig. 11. Fig. 14 shows a bl ock diagram of other exanple of

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 sald 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 musical instrumenthcomprising:wqwmﬂ%%w“ﬁ_;@%¢

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

series, 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

/

7 T



the algor by the LOOPs 42[err] through 42[err]. Fig. 15
shows an mﬂmmimnmam} equency charac- teristics corresponding to the
bl ock di ag¥am o Fig. 16 shows a bl ock di agram of ot her
exanpl e of the algorlthn1constructed by the LOOPs 42[err] through 42[err].
Fig. 17 shows an exanple of the frequency charac- teristics-corresponding
to the b?&@ktdtégﬁaﬂigna1ﬁkp ageordance; yithgasnusical pterg 8 iz

anot her g gg;&ggfbnstructure of the resonance portlon 19.

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 muéical 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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Eig.” 19 shows a bl ock diagramof a structural exam ple of the conventional
physi cal - nrodal tone-generator sinulating a stringed instrunent.

* c L N s *

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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S . .
-~ 6. Detailed Description of the Preferred Enbodinents Her ei nafter,-
an explanatlon of the preferred enbod- inment of the present invention is
.given with reference to the figures. Fig. 1 shows a bl ock diagram of the
‘structure of an electronic nusical instrument in accordance with the
preferred enbodi nent of the present invention. In this figure, manually

operabl e performance menbepRsFRACT OF THE DISCLOSURE

An electronic musical instrument includes an excitation
signal generating device, a plurality of loop circuits andla
coupling circuit. The excitation signal generating device
generates an excitation signal in accordance with musical tone
designating'information. Each of the pluraiity of loop circuits
at least delays an input signal in response to the musical tone
designating information and repeatedly ciréulates the input
signal therein. The excitation signal generated by the
excitation signal generating device is suppliéd to at least one
of the plurality of loop circuits as an input signal. The
coupling circuits couples the plurality of loop circuits in
accordance with a predetermined coupling form. At least one
signal circulated in at least one of the plurality of loop
circuits is output as a musical tone signal to be generated. The
electronic musical 1nstrument further includes a memory circuit
which stores a plurality of coupling forms. The coupling forms
respectively indicates how to couple input and oufput terminals
of the plurality of loop circuits. The input and output |
terminals are coupled to each other in accordance with one of the

plurality of coupling forms..

—
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su@h as a keyboard, manually operable nenbers 7 for setting nusical tone
Par arret er designating a nusical tone paranmeter such as a tone color, and a
control por- tion 8 controlling all apparatuses, are provided.

Mor eover, an excitation signal generating portion 9 is provided which
conprises & waveform generating portion 10 which generates a signal

i ncluding a rich overtone with the required wavef orm based on data WAVE f or
designating the waveform of the generated signal, a key-on signal KON for
designating the gener- ating timng of the generated signal and a pitch
dat a
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PI'TCH for designating the pitch of the generated signal fromthe contro
Portiron 8. The excitation signal gener- ating portion 9 further conprises a
noi se_signal gener- ating portion 11 which generates a noise signal such as
a white noise signal; each of the filters 12 and 13 append the desired
characteristics to the output signal fromthe waveform generating portion
10 and the noise signal generating portion 11 based on coefficient data
FLT[err] and FLT2 fromthe control portion 8, respectively. The output
signal fromthe filter 12 is supplied to a nmultiplier 14 which nmultiplies
it by an anplitude control signal

}1 421 19
Lt Loop |
LO1 49
o L'Z T 522 N /
& -1 LOOP &
L LO2 t
== = ==
IN>—= €2 || |5 423 £E2 —0UT L
P LooP  Fr Pk
S | 424 2
@ g op By @
LO4
~ TO EACH LOOP
CIRCUIT -
ET T‘ T 3 ) 1“
" RESONANCE ELEMENTS //fzo
CONTROL PORTION

R

LGi~4 —c»
HPF 1~ 4 —*

DLY 1~4
LPF1~4
APF 1~4

FIG.2
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AMP[err] fromthe control portion 8. -The output signal fromthe filter 13
*s supplied to a nultiplier 15 which nultiplies it by an anplitude control
signal AMP2 fromthe control portion 8. Each of the output signals fromthe
multipliers 14 and 15 are supplied to first and second termnals of an
adder 16 which adds the forner and the |ater and delivers an excitation

si gnal . '
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-1 Furthernore, the output signal fromthe adder 16 of the
€xcitation signal generating portion 9, nanely the excitation signal, is
supplied to a filter 17 which appends the desired characteristics to it
based on the coefficient

43 44 45:prn 48 APFn

J ! N
> HPF ——Gé LPF | APF

| -
T 48 AT
HPFn DELAY

—LX

LGn DLYn

LO; ' \1>—1'L"‘ 98 _
LO2 \D_EL /

52 + —0uT L
LO3 _ \ﬁ/\'\k

LO4 — B ) Sal-l
\{ kiR ' 5Q

56 s |+ F——=0UT R

FIG.5
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daié‘FLTS fromthe control portion 8. The output signal fromthe filter 17
#s supplied to a nultiplier 18 which nmul- tiplies it by an anplitude

portion 8. The output signal fromthe
multiplier 18 is supplied toa resonance portion 19 which sinulates the

control signal AMP3 fromthe contr

resonance phenonenon of the non-electronic mu- sical

ol

i nstrument. The

resonance portion 19 appends the desired characteristics to the out put
signal fromthe nmul- tiplier 18 based on data ALG for designating the

nanely algorithns) of a plurality of
resonance el enents (loop circuits described

conbi - nations (the connection forns,

/421

o——{ LOOP f—o

/422

+—{Loor F—o

/423

LOOP |—>

LOOP

/424
——o0

FIG.6(A)

421 422
/ /[
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| 423
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LOOP /

FIG.6(B)
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/

° LOOP
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FIG.6(C)
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bel ow) form ng the resonance portion 19, data M X for designating the

%synt hesi s coefficient for synthesizing the output signals fromeach of the
|l oop circuits, data DLY[err] (n=1 through 4, etc.) corresponding to the
del ay period of each.of the loop circuits, the coefficient LPF[err] of |ow
pass filters (LPF) form ng each of the loop circuits, the coefficient
APF[err] of all pass filters (APF) form ng each of the loop circuits, the
coefficient HPF[err] of high pass filters (HPF) form ng each of the | oop
circuits and loop gain Lerr] of each of the loop circuits, fromthe con-
trol portion 8. Thus, the resonance portion 19 delivers

421 422 423
/ / /

o LOOP LOOP LOOP
R
}24 -
LOOP °
'FIG.7(A)
424 422
| J A
o— LOOP LOOP }—=—o
/423
LOOP o
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O
FI1G.7(B)
421 422

/ /

o LOOP LOOP ———o
/ 423

LOOP |—™=

sz . o

LOOP o

FIG.7(C)
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out put signals as the nusical tone signals of each of the channels L and R
The ‘coefficient data FLT[err] through FLT[err] and the am plitude control
signals AMP[err] through AMP[err] nay be con- stant or variable over tine.
Next, Fig. 2 shows a bl ock diagram of the electrical structure of the
resonance por- tion 19. In this figure, a resonance el enents control por-
tion 20 is provided which determnes nmultiplicative co- efficients njerr]
through nferr], nmerr] through nferr], nferr] through nferr], and nferr]
through nferr] of each of nultipliers :

421 42 jZa 424

| LOOP [-+—{ LOOP [y—{ LOOP [+—| LOOP [

FIG:8(A)

42 422 423
D A AR
o—— LOOP LOOP LOOP
| | JJ
12 >
4
LOOP 7 —0

FIG.8(B)
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=@ 8 - 22 through 37 (see F|g 3) in a signal synthesis portion
fased on the data ALG fromthe control portion 8 and

424 42,
f1 A) f1 4}

o—{  LOOP LOOP  |—o

FI1G.9

FREQUENCY

FIG.10
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deFivers these to the multipliers 22 through 37. In Fig. 3, the

mul tipliers 22, 26, 30, and 34 nultiply input signals; that is, the output
signal fromthe nmultiplier 18 showmm in Fig. 1, by multiplicative
coefficients m[err] nferr], nerr], and njerr], respectively. The

mul tipliers 23 through 25 nmultiply output signals LQerr] through Lderr]
fromloop circuits 42[err]. through 42[err] described bel ow by

mul tiplicative coeffi- ~cients nferr] through nferr], respectively. An
adder 38 adds the output signals fromeach of the multipliers 22 through
25 and delivers an output signal Lli[err]. The nmulti- pliers 27 through 29
multiply output signals LJerr], LJerr],
421 | 422
1 } 3fy l[
o—— LOOP LOOP |—o

FIG.11

GAIN

FREQUENCY

"FIG.12

SN,

FREQUENCY

FIG.13'
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nd LP[err] fromloop circuits 42[err], 42[err], and 42[err] descri bed
Bel ow by multiplicative coefficients rr[err] through nerr], re-
spectively. An adder 39 adds the output signals from each of the
multipliers 26 through 29 and delivers an output signal Lli[err]. The
multipliers 31 through 33 nultiply output signals LJerr], LdJerr]2, and
LdJerr] fromloop circuits 42[err], 42[err], and 42[err] described bel ow
by multiplicative coeffi- <cients nferr]. through nferr], respectively. An
adder 40 adds the output signals fromeach of the nultipliers 30 throuah
33 and delivers an output signal Li[err] The nulti- pliers 35 through 37
mul tiply output signals LJerr] through

421
fJ
LoOP 80
| LOOP
fi+af "\42_2

FIG.14

GAIN

" FREQUENCY

FIG.15
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LCferr] fromloop circuits 42[err] through 42[err] described bel ow by
multlpllcatlve coefficients nferr] through nferr], respec- tively. An
adder 41 adds the output signals fromeach of t he mul tipliers 34 through
37 and delivers an output sig- nal Lli[err]. Thus, the signal synthesis
portion 21 synthesiz- es the output signal fromthe nmultiplier 18 and the
output signals fromthe loop circuits 42[err] through 42[err] and deliv-
ers the synthesized signals, nanmely, the output signals fromthe adders 38
through 41 to the loop circuits 42[err] through 424, respectively. In
Fig. 2, the loop circuits (hereinafter referred to as :

f1 LGt
R
™~ r 61 k1L
LOOP 60
_ kz L
LOOP
e || 62
f2 LG2

FIG.16
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l’ O, -\
LQ3P)., 42[err] through 42[err] having the same electrical struc- ture are
Provided. Fig. 4 shows a bl ock diagram of the electrical structure of the

LOOP 42. In this figure, a high

421 93 422
} - | INTERSTAGE. /
o— LOOP PROCESS NG LOOP t—o
CIRCUIT

5

A S 3 4

EXCITATION 2 DELAY// /{
SIGNAL . -
GENERATING [ {circuiT[|FILTER
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-9- pass filter (HPF) 43 is provided, which cuts off the | ow frequency
conponent of an input signal, that is, the out- put signal LI frogdihe m
signal synthesis portion 21 based on a coefficient HPF[err] fromthe
COﬂtrQl,pDL%kﬁﬁ‘8 via the resonance el enents control portion 20. The out put
S O M L le HPF43 is supplied to a first input termnal of an adder
sjgnal fromthe adder <423 s supplied to a | ter

?LPF%S‘I'%% %fh C._ ts off the eetHasBeenR laced
1 ELECTRONIC MUSICAL INSTRUMENT. m

ABSTRACT OF THE DISCLOSURE

An electronic musical instrument includes an excitatioﬁ
signql generating device, a plurality of loop circuilts andle
coupling circuit. The excitation signal generating device
generates an excitation signal in accordance with musical tone
designatingninformation. Each of the plurality oflloop circuits
at least deiays an input signal in response to the musicel tone
designating information and repeatedly cireulates the input
signal therein. The excitation signal generated by the _
excitation eignal generating device is supplied to at least eﬂe
of the plurality of loop eircuits as an input signal. The
coupling circuits couples the plurality of loop circuits in’
accordance with a predetermined coupling form. At least one
signai circulated in at least one of the plurality of loop
circuits is output as a musical tone signal to be generated. The
electrenic musical instrument further includes a memory circuit
which stores a plurality of coupling forms. The coqpling forms
respectively indicates how to couple input aﬁd output terminals
.of the plurality of loop circuits. The input and output .

| terminals are coupled to each other in accordance with one of the

plurality of coupling forms.
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hi gh frequency conmponent of it based on a coefficient LPFn fromthe control
portion 8 via the resonance ele- nents control portion 20. The out put

si gnat—+emthe LPF 45 js supplied to an all-pass filter (APF) 46 in which
t he phase difference between an input signal and an out put. signal changes
in res t Hps Beert Replatedequency of the sjgnals based on a

coeffici ﬁ romthe control por-~tion..8-—w ghance .
el enent i'on 20. The out put si gnaRHH. o0 SE%E@ is supplied

to a delay circuit LAY) 47 which del ays it"' r el ay period -
based on data DLY[err] fromthe control porti
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via the resonance el ements control portion 20. The out- put signal fromthe
BELAY 47 is supplied to a multiplier 48 which multiples it by a |loop gain

LG{'GWI portion 8, via the resonance el ements cont rol
porti e resonance frequency pitches of ey RO 2

throu9 is Lé?ﬁ&dBeéH dedi ded by the total sum of {fHe=Hekaysg ) et i
the L ‘%“m 6 and t he DELAY 472which i s; the constructlo

in the is, the total sum of thi
cl osed gly, the del ay period of th
desi gnat ed based on the data DLY[err] in consi d-;

j21 421 19
LI Loop
LO1 49
- Ll — 422' " /
n =i LOOP 1 @
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eration of the delay characteristics of the filters (i.e., the LPF45 and
the APF46) in the closed loop to control the tone pitch. Mor eover, in
Fig. 2, a signal synthesis portion 49 is provided which synthesizes the _
output signals fromeach of the LOOPs 42[err] through 42[err] and delivers

e -3 - [REPLACEMENT SHEET|
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-10 - signals as the nusical tone signals of each of the chan- nets L
and R The resonance el enents control portion 20 decides nultiplicative

coefficients k[err] through kl[err],

i fi

the nultipliers
Thlsqhee

|

and k[ ?

‘ﬁﬁ“@ﬁfqﬁh}rﬁ%ﬁ] of each of

e a ey
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through 57 (see Fig. 5) in a signal synthesis portion 49 based on the data
MX fromthe control. portion 8 and delivers these to the nultipliers 50
t hrough—57—fm Fig. 5, “the nultipliers 50 and 54 nultlply |nput si.gnal s,

namel vy, ks ge@l fromthe LOOP 42[ erfud- A
”U|t|p|l %wﬂ%m%&& ients k[err] and [err],;j»ﬁ'
mul tipli mul tiply input i nal s,

fromthe shown in Fig. 2 by nul -
k[err] and k[err] respectlvely The nultlpl

si gnal s, ‘nanel y, the out put signal fromthe L
mul -
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tipficative coefficients k[err] and k[err],

53 and 57 nul'tiplry i
424 showmsy Shékt ﬁésgSeerlZR
respect|
the nmult
nusi cal

adds the output signal fromthe nultipliers 54
ad- ditional result as the nusical tone signal

S|gnals

421

nanel y,

respectively. The multipliers
the output signal fromthe LOOP
tiplicative coeffigi-epts.k

I 58 is provided which aﬂﬂEPEAﬁﬂﬂﬂENﬁ“SHEi?
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ough 53 and delivers the
L of the channel 6L- The
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When the control portion 8 delivers one data ALG to designate the
conbi nations (the connection forns, nanely algorithns) of the LOOPs 42[err]

through 42[err], the resonance el enents control portion 20 determ nes the
nultlpl|ca%rVE’666'f|C|ents mMerr] through nferr], n[errl through nferr],
merr] thro B&m di err] through nta%rjﬁ” '% 1y —wfnultlpllers 22
t hr ough 37 yntheS|s port7 on ﬁﬁik . N i 3) based on-
the data ALC these to the nuliiq 91_37.

Accordi ngly,

421" 422 423 424
_J L/ [
o——{ LOOP [+—{ LOOP [+—] LOOP [+—{ LOOP [—o
O
O
O

FIG'S A

12: 42 423
] J
°f———— LOOP ¢+ LOOP. LOOP b———m=
.
424
LOOP /{ —0

FIG.8 B



-11- al gorithm (the connection form of the LOOPs 42[err] through 42[err]
are, for exanple, designated as shown in Figs. 6(A) through 6(C), 7(A
t hrough 7(C), 8(A), and 8 '
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(B)' Next, when the control portion 8 delivers one data M X to designate
t he synt heS|s coeff|C|ent of the output signal from each of _the LOOPs

42[ er err] the res- onance el ener ﬁﬁc ; m ?n 20

deci des t anb ative coefficients k[ergf fepire Jel Bl jand k[err]
throug h of the nmultipliers 50 tlh ouh57|n ha I gnal

synt hesi shown in Fig. 59 %ased of tthelddtEB WH ahdf del i vers
t hese to rs 50 through 57. Accordijngl.y,. the outpul Signals
fromthe aI gorlthm of the LOOPs 4[err] throughj4[err], tfor exanpfe, as
shown in Figs. 6(A) through 6(C, 7(A) throughtle&ﬁ.ﬁé;ﬁ;,ﬁ@ 1d-.83( B), are
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variously synthesized over great range. As descri bed above, when the

—-—0ont rol portion 8 de- livers the data ALG and M X to the resonance portion
19, the conbination of the LOOPs 42[err] thr sonance
portion 19 can be variously constructed over When

synt hesi zing—ustecal—tones with a certain fegelymgof LHE- pitch and with
hi gh quallty thec trol por- tkgn.8 delivels Giand M X to the
: rr]%ﬁ§54

resdhal to connect fhe LOOPs 42 ¢ an erd] tin series as
shovvn en the perfor mer depr esse!s f.or
l

Wb TN W e




exanpl e, the key of the keyboard of the performance manual | y operabl e
menber 6 corresponding to the note C, the keyboard delivers y data such
“ as the tone pitch corresponding to the note C on of the,
touch (not shown) detects the initial touchiamgl i uth of each of

t he keys—ef—t-he-keyhoard, and generates the a i ndidatliing the force

of the.tguch and de- livers these t-0 dhe contr  | ﬁﬁ;@apw%. Thien, the
contro eBRepldced/er s the | oop gain LG rkl id Jerr],lthe coeffi-

ci ent i Flerr], the coefficient \ARELS rr], and the
coeffi ' !

and HPF[err] for the key

f1 LGt
'4& l t 61 k1L
o LOOP 60
_ ka L
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FIG.16
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touch data, the tone color and the |like corresponding to C newezgozehe
resonance portion 19 to designate the fun- danmental frequency pitch of .
each of the LOOP 42[err] and 42[err] to the frequency f 1. In addition,
the control portion 8 delivers to the resonance portion 19 the resultant
val —ue—whieh t he above- nenti oned val ue; such as the delay period of the

LPF 45 and APF 46; are subtracted fromthe phase delay priod of the
entire lo ee Fig. [err]9) corresponding to the note C as the del ay
period of DELAY 47. Accordingly, the resonance el enents

ABSTRACT / ZUSAMMENFASSUNG / ABREGE
© 92120691.8 o -

An electronic musical instrument includes an excitation : i
signal generating device (9), a plurality of loop circuits (42)

and a coupling circuit. The excitation signal generating device

(9) generates an excitation signal in accordance with musical tone
designating information. Each of the plurality of loop circuits

(42) at least delays an input signal in response to the musical

tone designating information and repeatedly circulates the input
signal therein. The excitation signal generated by the

excitation signal generating device (9) is supplied to at Teast one
of the plurality of loop circuits (42) as an input signal. The
coupling circuits couples the plurality of loop circuits in

accordance with a predetermined coupling form. At least one

signal circulated in at Teast one of the plurality of loop

¢ircuits (42) is output as a musical tone signal to be generated. The
electronic musical instrument further includes a memory circuit

which stores a plurality of coupling forms. The coupling forms
respectively indicates how to couple input and output terminals

of the plurality of loop circuits (42). The input and output

terminals are coupled to each other in accordance with one of the
Plurality of coupling forms. :
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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.

bt

By increasing the loop gain of the closed loop (the filter with the comb-formed
frequency characteristics), the comb-formed frequency charactenstlcs of the entire
closed loop for the signal circulating become sharper, so that the feelmg 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 rehabuhty of the system is
degraded.

EP-A-0 393 701 -disclosés a musical tone synthesizing apparatus including a
reverberation effect applying apparatus. The reverberation effect applying apparatus
comprises several loops connected in parallel. Each loop simulates a certain sound
transmission path and consists of shift registers, phase inverters and adders.

mm f Invention

In consideration of the above, it is an objective of the 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 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 .
being supplied to at least one of said plurality of loop means; characterized by coupling
designation means for generating coupling designation data in accordance with a tone
color of the musical tone to be generated; and coupling means for coupling said
plurality of loop means in accordance with said coupling designation data, wherein a
signal circulated in atleast one of said plurality of loop means is output as a musical

tone signal. | REPLACEMENT SHEET

is Sheet Has Been laced
s | IIINN llﬂi




the anpliitude control signals AMP[err] and AVMP[err] are des- ignated so
That the ratio of the output signal fromthe filter 12 to the output signa
fromthe filter 13 becones higher. Furthernore, the control portion 8
supplies the coefficient data FLT3 to the filter 17 and supplies the am

plitude cont+rel—signals AMP3 to the nuhtipILqﬁ%%g%y#gﬁnﬁ t he wavef orm

generatin rtion 10 gener- ates the generﬁ@& g the waveform

desi g- na S ce heplackAVE Wi th the gengrdqting timng dgs4 i gnated by
t he key-on ' ﬂ the pitch desig- |nated SoMaA'h&9di tichh data PI TCH
and suppl i | ter _

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 signal in response to the musical tone desigﬁating
information to and repeatedly circulates the signal. The signal
gradually.changes into a signal having a desirable waveform in
response to the coupling form while circulating in the plurality
of loop means. Accordingly, the signal circulated in one of any
plurality of loop means is delivered as a musical tone signal.

According to the. present invention, a positive effect is
thét 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

constructed so that the closed loop operates stably.

Brief Exglanat;gd 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



12. “The filter 12 appends the desired characteristics to the generated
signal based on the coefficient data FLT[err]. The multiplier 14 multiplies
t he out put signal fromthe : '
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1. An electro'nic musical instrument comprising:

an excitation signal generating means (9) for generating an excitation signal in
accordance with musical tone designating information; _

a plurality of loop means (42) for at least delaying an input signal in response
to said musical tone designating information and repeatedly circulating said signal,
szid excitation signal being supplied to at least one of said plurality of loop means
(42);

characterized by coupling designation means (20) for generating coupling
designation data in accordance with a tone color of the musical tone to be generated; and

coupling means (21) for coupling said plurality of loop means in accordance
with said coupling designation data, wherein a signal circulated in at least one of said
plurality of loop means (42) is output as a musical tone signal.

2. An electronic musical instrument according to claim 1, wherein said plurality
of loop means is coupled in series. -

3. An electronic musical instrument according to claim 1, wherein said plurality
of loop means is coupled in parallel.

4. An électronic musical instrument according to claim 1, wherein said plurality
of loop means is coupled in series and in parallel.

5. 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 plurality of loop means, wherein said coupling means



-13 - Cofilter 12 by the anplitude control signal AMP[err]. In con-
frast, thefilter 13 appends the desired characteristics to t he noi se

signal, such as white noise signal fromthe noi se generating portion 11,
based on M‘Hmmmﬂmﬁia ta FLT2. The multiplier 15 nultiplies the
out put si, ilter 13 by jhe anplitude control signal AWP2.
Then, the adder “168ddSt heout put si gnal s ]T romthemul - - '

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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tipTiersil4 and 15 and delivers the resultant signal as the excitation

signal to the filter 17. Next., the filter 17 appends the desired
characteris- tics to the excitation. signal based on the coefficient data
FLT3 fromthe control portion 8. The multiplier 18 nulti- plies the output

signal fromthe filter 17 by the anpliggde control signal AVWP3 fromthe
control portion 8 and sup- plies its output signal to the resonance
portion 19. Ac- cordingly, in the resonance portion 19, the HPF 43 in the

Lo Saterr) o o el g BRI Bhlod1e T0 531a1

ABSTRACT OF THE DISCLOSURE

An electronic musical instrument includes an excitatioﬂ
signql generating device, a plurality of loop circuilts and;a
coupling circuit. The excitation signal generating device
generafes an excitation signal in accordance with musical tone
designating.information. Each of the plurality of loop circuits
at least delays an input signal in response to the mnsicél tone
designating information gnd repeatedly ciréulates-the input
signal therein. The excitation signal generated by the
excitation signal generating device is supplied to at least 6ﬁe
of the p;urality of loop gircuits as an 1nput signal. The
coupling circuits couples the plurality of loop circuits in
accordance with a predetermined coupling form. At least one
signal circulated in at least one of the plurality of loop
circuits is output as a musical tone signal to be generated. The
electr&nic musical instrument furthér includes a memory circuit
which stores a plurality of coupling forms. The coupling forms
respectively indicates how to couple input and output terminals -
.of the plurality of loop circuits. The input and output
‘terminals are coupled to each other in accordance with one of the

plurality of coupling forms.
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.18 based on the coefficient HPF[err] fromthe control por- tion 8 W&AnHgs
r.esonance el ements control portion 20. The output signal fromthe HPF 43 is
suppl i ed the—4nst input term nal of the adder 44. The output signal
A aage ARl fed back to the second termnal of the adder 44 via
~APFRL 46, and the nultiplier 48. Thus, the phase difference
tjetfre- quency conponent slof the out put signal fromthe
@nd\t ke | evel of the output signal fromthe HPF 43 gradually
Autut si gnELEGTRONCHMISICALINSIRIMAENT rcul ates in the

REPLACEMENT SHEETS  SG

Description

Background of the Inventioq

DATE OF RECEIPT .&ff7.........
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 tone-
generators which synthesize sounds of acoustic musi-
cal instruments are conventionally known. Each of the
physical-modal tone-generators simulates the sound
production mechanism of a target acoustic musical in-
strument. Examples of the physical-modaigone-gener-

- ators have been disclosed in Japanese Patent Applica-
tion Laid-Open Publication No. 63-40199 and US Patent
- No. 4,984,276.

An example of conventional physical-modal tone-
generators simulating the sound production mechanism
of stringed instruments is shown in the block diagram of
Fig. 19. In this figure, an excitation signal generating cir-
cuit 1 includes a waveform memory which stores exci-
tation signal waveforms made up of a large number of
frequency.cor'nponents. such as an impulse waveform.
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t he adder 44,
Next , E“"E’ Jgf‘gﬁﬁﬂ
42[ err] h :

suppllQ ;

the APF 46, the DELAY 47 and the multiplier 48.
=-the output signal fromthe APF 46 of the LOOP
e ollt qut signal LOerr] fromthe LOOP 42[err] is

i
4
\

-2.

The excitation signal from the excitation signal generat-
ing 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 simulates the delay of propa-
gation of vibrating waves in a string of the target stringed
instrument.

The delayed output signal from the delay circuit 3
is then supplied to a filter 4 which simulates acoustical
losses of a vibrating string of the target stringed instru-
ment. 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
S, whereby a signal circulating in the closed loop is out-
put as a musical tone signal to be generated. With the

- conventional tone generator described above, when the

- excitation signal output from the excitation signal gen-
erating circuit 1 is supplied to the first input terminal of

the adder 2, the supplied excitation signal begins to cir-

culate in the closed loop. In this case, the signal circu-

lates 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 lim-

ited by the filter 4 each time the signal passes through

the filter 4. Then, the signal circulating in the closed loop

" is delivered as a musical tone signal from the musical
tone output terminal 5. An example of the above-de-
scribed type of tone generator has been disclosed in
Japanese Patent Publication No. 58-48109.

In the above conventional electronic musical instru-
ment comprising the above conventional tone genera-
tor, 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 qual- -
ity, and in many cases where the pitch and the spectral



-14- LOOP 42[err] and is treated in the sane way_as L > LOCOP
42[err]. Accordingly, the output signal fronfIdse e WERNe LOOP 422,
in other words, the output signal LJerr] A Els supplied to
the signal synthe- sis portion 49. The signi i"gon 49, that
is, the resonance portion 19 delivers tthe o t ut4 él 4f he nusi cal

construction of the excitation signal supplied to the
closed loop must correspond to a pitch designated by a
performer.
By increasing the loop gain of the closed loop (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 degrad-
ed. :
) EP-A-0 393 701 discloses a musical tone synthe-
sizing apparatus including a reverberation effect apply- -
ing apparatus. The reverberation effect applying appa-
ratus comprises several loops connected in paralliel.
Each loop simulates a certain sound transmission path
and consists of shift registers, phase inverters and

adders.

1)

Summary of the Invention

In consideration of the above, it is an objective of
the 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 mu-
sical tone, and which is capable of stable closed loop
operation, and which is capable of constructing a sys-
tem 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 musical tone des-
ignating information; a plurality of loop means for at least



the channels L and R As descri bed above, since the resonance portion
19 conprises the LOOPs 42[err] and 42[err] cefm qtli es and the
f'undanent al frequency pitch of each of the ‘tiﬂﬁ tep. fila2[err] is
designated to the frequency f 1, the freque; c¥ char acterl sti' of the whol e
resonance por- tion 19 becones the frequenc: hmgq&lﬂ*ﬂ@ﬁ the curve
a shown in Fig. 10. In Fig. 10, curve b-ghowt fihe frequenc) aracteristic
of each of the LOOPs 42[err] or 422 and theif regtency tnterval flerr] is
oEe whi ch the human ear recognizes as the pifjtch. As. show-hy=®Fi g. 10, in
Che L A R

b2

—1—15‘

delaying an input signal in response to said musicaltone
designating information and repeatedly circulating said
signal, said excitation signal being supplied to at least
one of said plurality of loop means; characterized by
coupling designation means for generating coupling
designation data in accordance with a tone color of the
musical tone to be generated; and coupling means for
coupling said plurality of loop means in accordance with
said coupling designation data, wherein a signal circu-
* lated in at least one of said 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 signal in response to the musical
tone designating information to and repeatedly circu-
lates the signal. The signal gradually changes into a sig-
“nal having a desirable waveform in response to the cou-
pling form while circulating in the plurality of loop means.
Accordingly, the signal circulated in one of any plurality
of loop means is delivered as a musical tone signal.
According to the 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 variation of tone color of the musical tone. Fur-
thermore, 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 struc-
ture of an electronic musical instrument based on the
preferred embodiment of the present invention.

Fig. 2 shows a block diagram of the electrical struc-
ture of a resonance portion 19.
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Fig. 3 shows a block diagram of the electrical struc-
ture of a signal synthesis portion 21.

Fig. 4 shows a block diagram of the electrical struc-
ture of a LOOP 42.

Fig. 5 shows a block diagram of the electrical struc-
ture ot a signal synthesis portion 49.

Figs. 6 through 9 show block diagrams of examples
of the algorithms constructed by the LOOPs 42, through
42,. '

Fig. 10 shows an example of the frequency charac-
teristics corresponding to the block diagram of Fig. 9.

Fig. 11 shows a block diagram of other example of
the algorithm constructed by the LOOPs 42, through
42,. : .

Fig. 12 shows an example of the frequency charac-
teristics corresponding to each of the LOOPs 42, and
-42, of Fig. 11.

Fig. 13 shows an example of the frequency charac-
teristics corresponding to the block diagram of Fig. 11.

Fig. 14 shows a block diagram of other example of
the algorithm constructed by the LOOPs 42, through
42,.

Fig. 15 shows an example of the frequency charac-
teristics corresponding 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

Fig. 17 shows an example of the frequency charac-
teristics corresponding to'the bltock diagram of Fig. 16.

Fig. 18 shows a block diagram of another electrical
structure of the resonance portion 19.

Fig. 19 shows a block diagram of a structural exam-

ple of the conventional physical-modal tone-generator

simulating a stringed instrument.
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irregularities. For exanple, in the case where the eI ec- _tronic nusical
instrument of the above-nentioned em bodi i @ Akverp i gi m [ ar nusi cal
tones to the mu- sical tone having irregul gFifties EEHd t he non-el ec-
tronic nusical instrunment, the control poriipn 8 ma des- /i gnate the
anplitude control signals AMP[err] and ANP[e'rr]‘”sﬂdéH@%t fedratio of the
output signal fromthe filter 13 to the-eutppt signal fro t“he filter 12
becones hi gher.
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Detailed Description of the Preferred Embodiments

Hereinafter, an explanation of the preferred embod-
iment of the present invention is given with reference to
the figures. Fig. 1 shows a block diagram of the structure
of an electronic musical instrument in accordance 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 designating a musical
tone parameter such as a tone color, and a control por-
tion 8 controlling all apparatuses, are provided.

Moreover, an excitation signal generating portion 9

- is provided which comprises a waveform generating
portion 10 which generates a signal including. a rich
overtone with the required waveform based on data
WAVE for designating the waveform of the generated
signal, a key-on signal KON for designating the gener-
ating timing of the generated signal and a pitch data
PITCH for designating the pitch of the generated signal
from the control portion 8. The excitation signal gener-
ating portion 9 further comprises a noise signal gener-
ating portion 11 which generates a noise signal such as
a white noise signal; each of the fiiters 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 FLT,

~ and FLT, from the control portion 8, respectively. The
output signal from the filter 12 is supplied to a muttiplier
14 which multiplies it by an amplitude control signal
AMP, 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 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.
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Furthermore, the output signal from the adder 16 of
the excitation signal generating portion 9, namely the
excitation signal, is suppliedto afilter 17 which appends
the desired characteristics to it based on the coefficient
data FLT5 from the control portion 8. The output signal
from the filter 17 is supplied to a multiplier 18 which mul-
fiplies it by an amplitude control signal AMP, from the
control portion 8. The output signal from the mutltiplier
18 is supplied toa resonance portion 19 which simulates
the resonance phenomenon of the non-electronic mu-
sical instrument. The resonance portion 19 appends the
desired characteristics to the output signal from the mul-
tiplier 18 based on data ALG for designating the combi-
nations (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
DLY, (n=1 through 4, etc.) corresponding to the delay
period of each of the loop circuits, the coefficient LPF,,
of low pass filters (LPF) forming each of the lcop circuits,
the coefficient APF, of all pass filters (APF) forming
each of the loop circuits, the coefficient HPF,, of high
pass filters (HPF) forming each of the loop circuits and
loop gain LG, of each of the loop circuits, from the con-
trol 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 FLT, through FLT, and the am-
plitude control signais AMP; through' AMP, may be con-
stant or variable over time. Next, Fig. 2 shows a block
diagram of the electrical structure of the resonance por-
tion 19. In this figure, a resonance elements control por-
tion 20 is provided which determines multiplicative co-
efficients my, through m.,, my, through Mog, Mgy
through myy, and my, through my, of each of multipliers



Tfﬁéency pitch
e b in Fig.
whol e

reso- nance portlon 19 becones the frequency. c;ajac erlstlc a hown i n
Fig. 13. When the resonance portion ‘19 co ik LOOPs

42[err] and 42[err] connected in parallLg. and | mﬂm@—wg,dQL t he out put
signals fromeach of the LOOPs 42[err] and 42[¢ SEERowWn 1 n Fig. 14, the

fundamen- tal frequen§§ thch of the LOOP 42[err], which corresponds
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 muitipliers 22 through 37. In Fig. 3,
the muttipliers 22, 26, 30, and 34 multiply input signals;
that is, the output signal from the multiplier 18 shown in
Fig. 1, by multiplicative coefficients my;, myy, mg,, and
my,. respectively. The multipliers 23 through 25 muitiply -
output signals LO, through LO, from loop circuits 42, .
through 42, described below by multiplicative coeffi--
cients m,, through my,, respectively. An adder 38 adds
the output signals from each of the multipliers 22
through 25 and delivers an output signal LI,. The muiti-
pliers 27 through 29 multiply output signals LO;, LO;,
and LO, from loop circuits 42,, 425, and 424 described
below by multiplicative coefficients my, through mgyg, re-
spectively. An adder 39 adds the output signals from
each of the muttipliers 26 through 29 and delivers an
output signal LI,. The multipliers 31 through 33 multiply
| - output signals LOy, LO,, and LO, from loop circuits 42,
- 42,, and 4,4 described below by multiplicative coeffi-
cients mg, through mg,, respectively. An adder 40 adds
the output signals from each of the multipliers 30
throuah 33 and delivers an output signal Li;. The multi-
pliers 35 through 37 multiply cutput signals LO, through
LO, from loop circuits 42, through 42, described below
by multiplicative coefficients my, through myy, respec-
tively. An adder 41 adds the output signals from each of
the mutltipliers 34 through 37 and delivers an output sig-
- nal Ll,. Thus, the signal synthesis portion 21 synthesiz-
es the output signal from the muiltiplier 18 and the output
signals from the loop circuits 42, through 424 and deliv-
ers the synthesized signals, namely, the output signals
from the adders 38 through 41 to the loop circuits 42,
through 42, respectively.
~InFig. 2, the loop circuits (hereinafter referred to as
LOOP) 42, through 42, having the same electrical struc-
ture are provided. Fig. 4'shows a block diagram of the
electrical structure of the LOOP 42, In this figure, a high

frequency flerr] (see curve a in Fig. 12), | RiH ) rutiaEd s it
of the LOOP 422 is designated to the frequencyé f . ar




to the delay period of the LOOP 42, is designate: ~t-he-ff-egquency flerr],
and the fundanental frequency pitch of the LOOP! %EQ?ﬁEEHﬁﬁﬂbﬁﬁﬁgm to the
frequency which shifts-by the frequency [err]f dagainst the ||"; pcy
flerr]. The fre- quency characteristic of the olfe 1 4R 5 ppriion 19
beconmes sonmewhat simlar to the frequency charagter- istic. f ch poth of

t he fundanental frequency pitch and the-#9wverton “requeﬁey_shLLt, as shown
by the curve b in Fig. 15. Accordingly. the elegtronic nusical instrunment
of the above-nentioned enbodlnent can syntheS|ze the s eat—tond with a

detuning effect in which t
~ pass fmer (HPF) 43 is provided, which cuts off the low

trequency component of an input signal, that is, the out-

~ put signal LI from the signal synthesis portion 21 based

on a coefficient HPF,, from the control portion 8 via the

resonance elements control portion 20. The output sig-

nal 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 ele-

ments control portion 20. The output signal fromthe LPF

45 is supplied to an all-pass filtér (APF) 46 in which the
phase difference between an input signal and an output

) signal changes in response with the frequency of the
. signals based on a coefficient APF, from the control por-
tion 8, via the resonance elements control portion 20.
__ The output signal from the APF 46 is suppliedto a delay
circuit (DELAY) 47 which delays it for the desired delay
pericd based on data DLY,, from the control portion B,
via the resonance elements control portion 20. The out-
put signal from the DELAY 47 is supplied to a multiplier
48 which multiples it by a loop gain 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 loop,
that is, the total sum of the delay period of the closed
loop. Accordingly, the delay period of the DELAY 47
must be designated based on the data DLY,, in consid-
eration of the delay characteristics of the filters (i.e., the
LPF45 and the APF46) in the closed loop to control the
tone pitch.

Moreover, in Fig. 2, a signal synthesis portion 49 is
provided which synthesizes the output signals from
each of the LOOPs 42, through 42, and delivers output




sical interval is finely shifted and with the s
Fig. 15, the frequency conponent of curve a is SEAN S B
HPF 43 (see Fig. 4) in the LOOP 42. Mor eovel, §The Fesonanc
is constructed as a construction in which the LDOPs 42[AUg o
connected in parallel, a multiplier 61 nultiples the out put si
LOOP 42[err]by a mul ti plicative coeffieil®nt K[ eljr ==&HEFtTT
mul tiples the output signal fromthe LOOP 422 by a nulti p|l(;§.,_f[lv
coefficient k[err] and an ' i

signals as the musical tone signals of each of the chan-
nels L and R. The resonance elements control portion
20 decides muitiplicative coefficients ky,_ through kg,
and kqg through ksq, of each of the multipliers 50
through 57 (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 54 muttiply input signals, namely,
the output signal from the LOOP 42, shown in Fig. 2 by
muttiplicative coefficients k;,_and k; g, respectively. The
multipliers 51 and 55 multiply input signals, namely, the
output signal from the LOOP 42, shown in Fig. 2 by mul-
tiplicative coefficients k,; and kpg, respectively. The
multipliers 52 and 56 multiply input signals, namely, the
output signal from the LOOP 42, shown in Fig. 2 by mul-
tiplicative coefficients ky_ and kag, respectively. The
-~ multipliers 53 and 57 multiply input signals, namely, the
- output signal from the LOOP 42, shown in Fig. 2 by mul-
tiplicative coefficients k4 and ky4g, respectively. The
adder 58 is provided which adds the output signal from
the mutltipliers 50 through 53 and delivers the additional
result as the musical tone signal OUTL of the channel
L. The adder 59 is provided which adds the output signal
from the multipliers 54 through 57 and delivers the ad-
ditional resuit as the musical tone signal 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 42, through 42,4, the

- resonance elements control portion 20 determines the
multiplicative coefficients my, through m,,4, my, through
Mo4. Mgy through mg, ,and my,; through my, of each of
muitipliers 22 through 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
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algorithm (the connection form) of the LOOPs 42,
through 42, 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 42, through 42, the res-
onance elements control portion 20 decides the muiti-
plicative coefficients kq through ke, and kg through
kqp: Of each of the muitipliers 50 through 57 in the signal
synthesis portion 49 (shown in Fig. 5) based on the data
MIX and delivers these to the muitipliers 50 through 57.
Accordingly, the output signals from the algorithm of the .
LOOPs 45, through 4,4, for 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 described above, when the control portion 8 de-
livers the data ALG and MiX to the resonance portion
19, the combination of the LOOPs 42, through 42, of
the resonance portion 19 can be variously constructed
over great range.

When synthesizing musical tones with a certain -
feeling of the pitch and with high quality, the control por-

tion 8 delivers the data ALG and MIX to the resonance
portion 19 to connect the LOOPs 42; and 42, in series
as shown in Fig. 8. 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 initial 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 de-

livers these to the control portion 8. Then, the control

portion 8 delivers the loop gain LG, and G,, the coeffi-
cient LPF, and LPF,, the coefficient APF, and APF,,
and the coefficient HPF, and HPF, for the key data, the



adder 60 adds the output signals fromeach of the.mi.-_tipliers 61 and 62

as shown in Fig. 16. The multipliers 61 and GJRE_;AQEWEWH‘SHﬁE@
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Figs. 2 and 5. Wen the fundanental frequency
each of the LOOPs 42[err] and 42[err], which (
data DLY[err] and DLY[err], and the | oopg2gain
adj usted and the output |evels of each of the
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the specific row of the overtone conponent appearing in every pitch dif-

touch data, the tone color and the like corresponding to
C note to the resonance portion 19 to designate the fun-
damental frequency pitch of each of the LOOP 42, and

42, to the frequency f1. In addition, the control portion
8 delivers to the resonance portion 19 the resultant val- .
ue which the above-mentioned value; such as the delay .
period of the LPF 45 and the APF 45; are subtracted

tréth the phase delay périoa 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 LOOPs
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
generating portion 8 and delivers the coefficient data
FLT, and FLT, to the filters 12 and 13, respectively and
delivers the amplitude control signals AMP, and AMP,
to the muiltipliers 14 and 15, respectively. In this case,
the amplitude control signals AMP, and AMP,, are des-
ignated so that the ratio of the output signal from the
filter 12 to the output signal from the filter 13 becomes
higher. Furthermore, the control portion 8 supplies the
coefficient data FLT, to the filter 17 and supplies the am-
plitude control signals AMP, to the muitiplier 18.

Thus, the waveform generating portion 10 gener-
ates the generated signal having the waveform desig-
nated by the data WAVE with the generating timing des-
ignated by the key-on signal KON and the pitch desig-
nated 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 FLT,.
The muttiplier 14 multiplies the output signal from the

A9 shown in

i's



ference between the fundanmental frequency pitches flerr] and f2 can be

I ndependently controlled in every row. For exanple, when the |loop gain L&
of the LOOP 42[err] and the nultiplicative jGaak hi-eh ARk Kigari of the

mul tiplier 62 are adjusted, the gain can be?*fﬁ"‘“"g" by t6ntrol l ed eve-
-ry row of each of the overtone conponents ljag shown by thejajrow in Fig.
17; thus, the nusical tone having the dg¥kneo 0“é$ﬁdﬁé@6&n"t;uct|on can be
obt ai ned. As described above, since theq riesonance portijor 19 is
constructed so that the LOOPs 42[err] through™Z2[&rT]. can bg conbi ned at
random the rich variation of tone ! ..

filter 12 by the amplitude ‘control signal AMP,. In con-
trast, the filter 13 appends the desired characteristics to
the noise signal, such as white noise signal from the
noise generating portion 11, based on the coefficientda-
‘ta FLT,. The multiplier 15 muiltiplies the output signal
from the filter 13 by the amplitude control signal AMP,.
Then, the adder 16 adds the output signals from the mul-
tipliers 14 and 15 and delivers the resultant signal as the
" excitation signal to the filter 17.

- Next, the filter 17 appends the desired characteris-
tics to the excitation signal based on the coefficient data
FLT; from the control portion 8. The multiplier 18 multi-
plies the output signal from the filter 17 by the amplitude
control signal AMP; from the control portion 8 and sup-
plies its output signal to the resonance portion 19. Ac-
cordingly, in the resonance portion 19, the HPF 43inthe

"LOOP 42, cuts off the low frequency component of the
K input signal, that is, the output signal from the multiplier
18.based on the coefficient HPF,, from the control por-
tion 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 muttiplier
48. Thus, the phase difference between each of the fre-
quency components of the output signal from the HPF
"43 varies and the level of the output signal from the HPF
43 gradually decreases as the output signal of the HPF
43 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 42,, namely, the
output signal LO, from the LOOP 42, is supplied to the



color of the nusical tone can be ensured. Sincgrgeh—of-—-the-LORs 42[err]
through 42[err] can be usable in the range of Hagh ’f...,-:-_‘;_j_,.;_j,,Nd“tS}@*ﬂE‘I?he
reliability of the system becones high. In par}if h]e eri al
connection and the parallel connection of the §COP 143‘@ wgg( Fd as shown

in Fig. 6(B), Fig. 6(C, Figs. 7(A through 7(0)° and t he tone
color and the variation of the tone colqg-of thegenreratedm d,’al tone can
be nore vari ed. As the above-nentioned enbiodl ment of t he present

i nvention, the overtone construction of the gen- erated wusicat=tone is

more easi | y antici patl.%gog%Qz and is treated in the same way as in the
LOOP 42,. Accordingly, the output signal from the APF
46 of the LOOPR 42,, in other words, the output signal
LO, from the LOOP 42, is supplied to the signal synthe-
sis portion 49. The signal 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 comprises the LOOPs 42, and 42, connected in se-
ries and the fundamental frequency pitch of each of the
LOOPs 42, and 42, is designated to the frequency f1,
: the frequency characteristic of the whole resonance por-

- tion 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 42; or

42, and the frequency interval f, is one which the human

ear recognizes as the pitch. As shown by Fig. 10, inthe |

case where the LOOPs 42, and 42, having approxi-
mately the same frequency characteristics and are con-
nected in series, the comb-formed frequency character- -
istic as a whole becomes sharper than one of each of
the LOOPs 42, or 42,, and a musical tone with a certain
feeling of the pitch and with high quality can be synthe-
sized. :

The musical tone made using a non-electronic mu-
sical instrument not only havs a simple line spectrum,

- butalso has a spectrum in which the noisy components
lie near the original overtone, and furthermore contains
irregularities. For example, in the case where the elec-
tronic musical instrument of the above-mentioned em-

' bodiment synthesizes similar musical tones to the mu-
sical tone having irregularities made using the non-elec-
tronic musical instrument, the control portion 8 may des-
ignate the amplitude control signals AMP, and AMP, so
that the ratio of the output signal from the filter 13to the
output signal from the filter 12 becomes higher.
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When the resonance portion 19 comprises a similar
connection to the one shown in Fig. 9, the fundamental
frequency pitch of the LOOP 42, is designated as the
frequency f, (see curve a in Fig. 12), the fundamental
frequency pitch of the LOOP 42, is designated to the
frequency 3f, (see curve b in Fig. 12) as shown in Fig.
11, and the frequency characteristic of the whole reso-
nance portion 19 becomes the frequency characteristic
as shown in Fig. 13..

When the resonance portion 19 comprises further
the LOOPs 42; and 42, connected in parallel and an
adder 60 adding the output signals. from each of the
LOOPs 42, and 42, as shown in Fig. 14, the fundamen- -
tal frequency pitch of the LOOP 42,, which corresponds -
to the delay period of the LOOP 42, is designated to the
frequency f,, and the fundamental frequency pitch of the
- 1LOOP 42, is designated to the frequency which shifts
- by the frequency Af against the frequency f;. The fre-

quency characteristic of the whole resonance portion 19
becomes somewhat similar to the frequency character-
istic which both of the fundamental 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 mu-
sical 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 42, and 42, are
connected in parallel, a multiplier 61 multiples the output
signal from the LOOP 42, by a multiplicative coefficient
k ;. @ multiplier 62 multiples the output signal from the
LOOP 42, by a multiplicative coefficient k, and an



nunber of calculations is far less than in the tone, gen-.eratlng f orm usi ng

the harnonic synthesizing form (Fou- rier synthemps I Snasahbr eover ,
fn the above-nentioned enbodi ment of the present 9@;.§Eéﬁ§,ﬁpllng of
the nusical tone data with high quality and the jwa eforn1nennry ‘th |arge
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volume are not particularly necessary such as if
1 kch. reads the

i nstrunent using the tone-gener- ating-#6rcuit
data fromthe

adder 60 adds the output signais from each of the mul-
tipliers 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 f; and f,
.of each of the LOOPSs 42, and 42,, which 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 k; , and kj,, the specific row
of the overtone component appearing in every pitch dif-
ference between the fundamental frequency pitches f,
- and f can be independently controlled in every row. For
example, when the loop gain LG, of the LOOP 42, and
the multiplicative coefficient k , of the multiplier 62 are
adjusted, the gain can be independently controlled eve-
- -fy row of each of the overtone components as shown by
- the arrow in Fig. 17; thus, the musical tone having the
desired overtone construction can be obtained.
As described above, since the resonance portion
19 is constructed so that the LOOPs 42, 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 42,4 can be usable in the range
of stable operation, the reliability of the system becomes
high. In particular, when the serial connection and the
.parailel 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 generated musical tone can be more varied.
As the above-mentioned embodiment of the
- present invention, the overtone construction of the gen-
erated musical tone is more easily anticipated than in
the tone generating form using modulation such as the
frequency modulated tone generating circuit, and the



wavef orm nmenory.
I nvention, it is described that the resonance poj

constructed by a conbination of the LOOPs 42[err] | ;i however,
for exanple, the resonance portion 19 nmay be congti ian

I nterstage process circuit 63 is inserted betwee ﬂ' and the
LOOP 422 as shown in Fig. 18. In this eddes as t - ss, for

exanpl e, the followi ng proc- esses can be enpl oygd.
ones in which the output signal | P

I n the above-nentioned enboginent. of _the present

__m(?fi%l\'IENTS‘*HEEf’}/

number of calculations is far less than in the tone gen-:
erating form using the harmonic synthesizing form (Fou-
rier 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-gener-
ating circuit which reads the waveform data from the:
waveform memory.
In the above-mentioned embodiment of the present _

_invention, it is described that the resonance portion 19

is simply constructed by a combination of the LOOPs
42, through 42,; however, for example, the resonance
portion 19 may be constructed in which an interstage.
process circuit 63 is inserted between the LOOP 42,
and the LOOP 42, as shown in Fig. 18. In this case, as
the interstage process, for example, the following proc-
esses can be empioyed.

The processes are ones in which the output sngnal
from the LOOP 42, is nonlinearly processed using a
nonlinear table, in which the amplitude of the output sig-
nal from the LOOP 42, 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 42,.

in the above-mentioned embodiment of the present
invention, it is described that the LOOPs 42, and 42,
are combined so that the resonance elements control

. portion 20 determines the multiplicative coefficients my,

through my,4, My through my,, my; through mgy,, and
my, through my,, 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

es are



fromthe LOOP 42[err] is nonlinearly processed usi ng ,a nonl 5 near table, in
which the anplitude of the output sig- nal fromthe o
controll ed using such as -a conpressor or_a limter, - HEH I B
effects of every kind such as reverberation, delay, &n chorus is gr
the output signal fromthe LOOP 42[err]. In the fbdvel 4etE doged
enbodi ment of the present invention, i#+18s described}that the LOCPsi
and 42[err] are conbi ned so that the resonance el emehts contro [
determnes the nultiplicative coefficients nferr] th&eughs
through nferr], nferr] through nferr], and

LOOPs 42, and 42, may be combined sothatan internal

memory in which is pre-stored a plurality of the algo-
rithms of the LOOPs 42, and 42, is provided in the con-
trol portion 8 and a performer selects one of these algo-
rithms using the selection switch (not shown); thereby,
the control portion 8 supplies the selected algorithm to
the resonance elements control portion 20.

In the above-mentioned embodiment of the present
invention, circuits corresponding to an excitation signal
generating means, a plurality of loop means and cou-
pling means in claims preferably consist of digital signal
processors, respectively.



mMerr] through nerr],
signal synthesis portion 21 based on the data ALG fromthe control

of each of the nmultipliers 22 through 37 of the

portion

8 and supplied to these; however, the present invention is not linmted by
t he above—ﬁEﬂfroned—enbUdrnent For exanple, the
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Claims T
1. An electronic musical instrument comprising:

an excitation signal generating means (8) for
generating an excitation signal in accordance
with musical tone designating information;
a plurality of loop means (42) for at least delay-
_ing an input signal in response to said musical
tone designating information and repeatedly
circulating said signal, said excitation signal be-
ing supplied to at least one of said plurality of
loop means (42)

characterized by coupling designation means -

(20) for generating coupling designation data in ac-

cordance with a tone color of the musical tone tobe

generated; and
coupling means (21) for coupling said plurallty
of loop means in accordance with said coupling

designation data, wherein a signal circulated in at

least one of said plurality of loop means (42) is out-
put as a musical tone signal.

An electronic musical instrument according to claim
1, wherein said p!urallty of loop means is coupled
in series.

An electronic musical instrument according to claim
1, wherein said plurality of loop means is coupled
in parallel.

An electronic musical instrument according to claim
1, wherein said plurality of loop means is coupled
in series and in parallel.




- 18- LOOPs 42[err] and 42[err] may be conbined so that an internal nenory
in which is pre-stored a plurality of t he al go- r|thms of the LOCPS 42[ err]
and 42[err] S prOV| ded in the con- trol portion B-aft-a—perforn el ects
one of using the sel ection.swii @ﬁ "'f-E'?I'i;her eby,
r= thmto i

1T || Thn e

3 !
- 1

ji

5. 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 plurality of loop
means, wherein said coupling means couples said
input and output teminals of said piurality of loop

- means are coupled each other based on a coupling
form read from said memory means.



t he resonance el enents control portion.20. In the above-nentioned
enbodi ment of the present invention, circuits corresponding to an :
excitation signal generating neans, a plurality of |oop aps_and cou-
pling nmeans in clains preferably consist of digital sigi@RAPLRAGEF Syinnm
respectively. - 21 ' . g§$38g~:"”‘ 3@@%&
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ELECTRONIC MUSICAL INSTRUMENT

ABSTRACT OF THE DISCLOSURE

An electronic musical instrument includes an excitation
signal generating device, a plurality of loop circuits and. a
coupling circuit. The excitation signal generating device
generates an excitation signal in accordance with musical tone
designating information. Each of the plurality of loop circuits
at least delays an input signal in response to the mnsicél tone
designating information gnd repeatedly circulates the input
signal therein. The excitation signal generated by the
excitation éignal generating device is supplied to at least one
of the p;urality of loop circuits as an input signal. The
coupling circuits couples the plurality of loop circuits in
l accordance ;ith a predetermined“éoupling form. At least one

' signal circulated in at least one of the plurality of loop
circuits is output as a musical tone signal to be gene:ated. The
electronic musical instrument further includes a memory circuit
which stores a plurality of coupling forms. The coupling forms
respectively indicates how to couple input and output terminals
of the plurality of loop circuits. The input and output

terminals are coupled to each other in accordance with one of the

plurality of coupling forms.

FIGURE 1



I nstrument conpri sing:

1. An el ectronic nusical
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an excitation signal generating neans (9) for .. Qgenerating an
excitation signal in accordance wi th rmusiteghyt JesT-gnat-hng
i'nformati on; a plurality of |oop nmeans (_%Eﬁkgamﬁhﬁiég‘kﬁelay-

ing an input signal in response to said nusical t one desijgnati ng
I nformati on and repeatedly circulating sgi d sflgnalliG i99g djexcitation
si gnal be- ing supplied to at |egst one (f jsaid plurality o¢f

| oop neans (42);
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characterized by coupling designation neans
coupling designation data in ac~ cor danc
nmusi cal tone to be generated; and
coupling said plurality of | oop neans in
designation data, wherein a signal circulate
plurality of |oop neans (42) is out- - 3put
An el ectronic mnusical instrunent according t

IN >

(20) for_gener
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a nusi cal tadne

b cl ai m

ating

r of the
(21) for

ai d coupling

one of said
signal. 2.
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1, wherein said plurality of |oop neans is coupled in series. 3. An

el ectronic nusical instrunent according to claim 1, wherein said
plurality of |oop nmeans is coupled in parallel. 4. An electronic
nmusi cal instrunment according to claim 1, wherein said plurality of |oop
means i s coupl ed in series and in parallel.
-4-
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5. An el ectronic nusical instrunment according to claim 1 further
conprising a nenory neans for storing a ~ plurality of coupling forns
indicating how to coupl e i nput and output termnals of said plurality
of | oop means, wherein said coupling neans couples said i nput and
output termnals of said plurality of |oop means are coupl ed each ot her
based on a coupling formread fromsg.d nmenory neans.
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